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A B S T R A C T

Cancer is known as the main cause of mortality in the world, and every year, the rate of incidence 
and death due to cancer is increasing. Bioactive peptides are one of the novel therapeutic options 
that are considered a suitable alternative to toxic chemotherapy drugs because they limit side 
effects with their specific function. In fact, bioactive peptides are short amino acid sequences that 
obtain diverse physiological functions to maintain human health after being released from parent 
proteins. This group of biological molecules that can be isolated from different types of natural 
protein sources has attracted much attention in the field of pharmaceutical and functional foods 
production. The current article describes the therapeutic benefits of bioactive peptides and spe-
cifically and extensively reviews their role in cancer treatment, available sources for discovering 
anticancer peptides, mechanisms of action, production methods, and existing challenges.

1. Introduction

Health and high quality of life are the most valuable assets of a society, and they are pivotal for having a happy, economically 
active, and productive society. Fostering healthy lifestyle behaviors including a proper diet containing nutritious factors and bioactive 
compounds, adequate sleep, and physical activities are essential for the primary prevention of cancer [1,2]. Cancer is considered the 
leading lethal cause and an important obstacle to increasing the life expectancy of people worldwide. Its growing trend is predicted in 
the coming years, with an estimated 13.2 million deaths in 2030 [3]. Therefore, cancer is a serious threat to health, and combating it is 
one of the important goals to increase the quality of human life. Chemotherapy, radiation therapy, and surgery are conventional 
methods for cancer treatment, which are used individually or in combination depending on the type and stage of cancer [4]. Despite 
the medicinal advancements in recent years, these methods are associated with problems, the most important of which include the lack 
of specificity to the cancer target and the development of cancer cells’ resistance to these drugs. The inability of these methods to 
distinguish between normal and cancer cells leads to toxicity and damage to normal cells along with cancer cells. Therefore, adverse 
and severe side effects, as well as multidrug resistance due to long-term usage are the main obstacles to the treatment of this disease [5,
6].

Consequently, it has become a challenge for researchers to identify new effective therapeutic agents that specifically affect the 
eradication of cancer cells and improve patients’ treatment satisfaction. In recent years, peptides have been considered suitable drug 
candidates due to their numerous advantages, including small size, target specificity, and low toxicity, and they have been developed 
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to treat many diseases, such as cancer [7]. To date, more than 80 peptide drugs have been approved by the FDA (Food and Drug 
Administration) and entered the market, and many others are in the pre-clinical and clinical stages [8]. Peptide-based drugs or 
anticancer peptides exert their oncolytic effects through different mechanisms. They bind to cell surface proteins, followed by 
internalization into the target cell or direct passage through the membrane [9]. One of the common strategies to discover anticancer 
peptides is to purify and identify them from natural sources. These peptides, known as bioactive peptides or cryptides, are inactive 
amino acid sequences buried in the structure of the parent proteins, which exhibit various biological activities after being released 
[10]. They exist in two forms: peptides produced in different cells and glands of the body are known as endogenous, and peptides that 
enter the body through foods and medications are referred to as exogenous peptides [11]. Bioactive peptides usually have a length 
between 2 and 50 residues, and this small size is an advantage over other biological drugs, such as antibodies and proteins, for 
therapeutic applications because, in addition to facilitating their passage through blood vessels, they are less allergenic. Moreover, 
timely and easy destruction after consumption and body clearance without accumulation is another desirable feature of bioactive 
peptides compared to synthetic drugs [12,13]. Bioactive peptides have increased interest because of their diverse physiological ac-
tivities. In the realm of cancer therapy, bioactive peptides have received attention due to their ability to induce cell death, especially 
through apoptosis, which is the most common strategy to reduce the proliferation of cancer cells. Also, bioactive peptides operate as a 
tool for immune modulation by stimulating or suppressing the immune responses, and by activating immune cells and cytokines, they 
can promote a robust defense barrier against cancer cells. Inhibition of angiogenesis and suppression of migration are other anticancer 
effects of bioactive peptides [14]. Considering the identification of bioactive peptides as a new generation of biologically active 
regulators and their role in improving health outcomes, this review scope presents the anticancer properties and mechanisms of action 
of bioactive peptides, various sources, production methods, and existing challenges.

2. Sources of anticancer bioactive peptides

Generally, bioactive peptides can be isolated from any organism, including various animal and plant protein sources and micro-
organisms. However, choosing a target source with a high content of protein and bioactive peptides makes the purification process 
more affordable [15]. Romidepsin is a histone deacetylase (HDAC) inhibitor isolated from the bacterium Chromobacterium violaceum. 
Romidepsin, which is known as a depsipeptide, exerts its antitumor effects by blocking the action of histone deacetylase enzymes, 
especially class I, and also by modulating factors influential in cancer, including c-myc, Hsp90, and p53. This FDA-approved cyclo-
peptide is an anticancer agent to treat patients with cutaneous T-cell lymphoma (CTCL) [16,17]. In the following, further descriptions 
of these sources will be addressed.

2.1. Animal sources

So far, many animal protein sources, including marine animals (types of fish, shrimp, sponges, oysters, tunicates), terrestrial an-
imals, Insects, amphibians, milk and dairy products, eggs, meat, bovine blood, and animal venoms, have been used to produce 
bioactive peptides [18]. Some of them will be mentioned below.

As the largest biome in the world, the marine biome covers 70 % of the earth’s surface and is a manifestation of abundant, un-
touched, or underexploited natural resources. The marine biome is the habitat of about 10 million different plant and animal species, 
and this massive biodiversity compared to the land surface creates a new impetus to meet the growing ecological, and socioeconomic 
needs [19]. Therefore, the marine biome constitutes an acceptable and rich natural source of new compounds with superior perfor-
mance, which can be used especially for the discovery of valuable bioactive peptides. Easy access to these sources and biological 
products derived from them, as well as high efficiency and low side effects compared to similar synthetic examples, are among its 
advantages. Harsh and extreme conditions in the marine biome, such as darkness, low temperature, salinity, UV exposure, high 
pressure, and limited food, force marine organisms/microorganisms to adapt to existing conditions to survive [20]. The production of 
stable metabolites and more effective bioactive compounds for rapid adaptation to new environmental conditions has made them a 
valuable resource. Marine resources, especially microorganisms such as microalgae, are a suitable choice for the production of proteins 
and therapeutic peptides due to their high protein content [21]. However, due to the lack of access to the deeper areas of the marine 
biome, there are still unknown bioactive peptides. Peptides extracted from marine sources lead to the death of cancer cells through 
different strategies including induction of apoptosis, antiproliferative/cytotoxic activities, suppression of angiogenesis, and regulation 
of tubulin–microtubule balance [22]. Many peptides with antitumor function against cancerous cells have been identified from marine 
sources; some are currently in different phases of clinical trials, and some are commercialized. For example, aplidine is a depsipeptide 
with a cyclic structure obtained from the Mediterranean tunicate Aplidium albicans and is now a commercially available product. In 
vitro and in vivo studies conducted to evaluate the effect of aplidine in cancer have shown its significant role in causing toxicity against 
various cancer cells [23,24]. Broggini et al. have indicated that treatment of MOLT-4 leukemia cells with aplidine inhibited the 
secretion of VEGF by these cells and blocked their binding with VEGFR1 on the cell surface. Therefore, aplidine, as an anticancer 
product of marine origin, reduces tumor growth and induces cell death [25]. Furthermore, the peptide AATP with the sequence 
KVEPQDPSEW has been purified from the abalone (Haliotis discus hannai), which has led to a remarkable inhibition in the migration 
and invasion processes of HT-1080 cells by reducing the effective factors in angiogenesis such as VEGF and MMPs [26].

Terrestrial mammals can also be used to produce bioactive peptides; beef, pork, goat liver, and spleen are examples of this category. 
In this regard, anticancer bioactive peptide (ACBP) was identified from goat spleens, and its inhibitory effect on the growth of the 
human gastric cancer cell line (BGC-823) was confirmed in vitro and in vivo. Morphological changes caused by peptide-induced 
apoptosis and cell cycle arrest, as well as increased expression of pro-apoptotic and tumor-suppressing genes and decreased tumor- 
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promoting genes at the molecular level, have been observed in ACBP-treated cancer cells [27]. Moreover, the significant role of ACBPs 
in inhibiting the growth and proliferation of tumor cells in various other cancers such as leukemia, colorectal, gallbladder, and 
nasopharyngeal has been investigated and validated by this group [28–31]. Investigations conducted on the peptide fraction of Musca 
domestica larvae (MDPF) have shown a decrease in mouse S180 sarcoma growth and an increase in the proliferation of splenocytes and 
cytokines produced from them, enhancement of natural killer cells and cytotoxic T lymphocytes activity, and promotion of the level of 
antigen-specific antibodies. Therefore, the observed results have introduced MDPF as an antitumor agent with immune system 
improvement activity [32]. Dermaseptins B2 and B3, two peptides isolated from South American tree frog (Phyllomedusa bicolor) skin 
secretions, have shown anti-proliferative and angiostatic activities. According to the report of van Zoggel et al., treatment with these 
two peptides has led to inhibiting the proliferation of human prostate cancer (PC-3) cells [33]. Other types of peptides of this family, 
including dermaseptin-PD-1 and dermaseptin-PD-2 found in giant mexican leaf frog (Pachymedusa dacnicolor) skin secretions [34] and 
dermaseptin L1 obtained from lemur frog (Agalychnis lemur) skin secretions [35], have also indicated anticancer properties against 
various tumor cells. The investigation of a hexapeptide (PGPIPN) isolated from bovine milk beta-casein by Zhao et al. on ovarian 
cancer cells has shown inhibition of invasion and metastasis in a dose-dependent manner so that the studied peptide has reduced the 
expression of MTA1 and NM23H1 as effective genes in these two critical pathways of tumor progression [36]. In addition to the studies 
conducted on animal milk, Chiangjong et al. discovered a new peptide (HMP-S7) from human breast milk, which demonstrated a 
cytotoxic effect on several leukemia cell lines without affecting normal cells [37]. Ovotransferrin (OTF), with an amount of 12 %, is one 
of the most abundant proteins in egg white after ovalbumin (54 %), and various biological activities of this protein and peptides 
resulting from its hydrolysis have been reported [38]. In one study, the hydrolysates produced from the hydrolysis of ovotransferrin 
with promod 278P and thermolysin enzymes have shown antioxidant and anticancer properties. In fact, by enzymatic hydrolysis and 
enhancing its bioactivity, these hydrolysates have indicated stronger cytotoxic effects compared to intact ovotransferrin on AGS, LoVo, 
HT-29, and HeLa human cancer cell lines [39]. Crotamine is a cationic polypeptide derived from South American rattlesnake Crotalus 
durissus terrificus venom, which is considered one of the cell-penetrating (CPP) and antimicrobial (AMP) peptides. Studies conducted 
on this peptide demonstrate that in addition to antimicrobial and antifungal activities, it has cytotoxic effects on tumor tissues. The 
high specificity of crotamine to proliferating cells and its transfer into the cell targets organelles such as the lysosomes and causes the 
release of its contents and the activation of proteases, thus inducing toxicity and cell death through this mechanism [40,41].

2.2. Plant sources

Plants have been considered a primary source of natural medicines since ancient times, and due to their significant capabilities in 
treatment, many plant extracts have been used in cancer research. Among the screened plant species, more than 3000 plants have 
demonstrated anticancer activity [42]. Bioactive peptides can be isolated from diverse plant species, both edible and non-edible. An 
example in this field is the anticancer peptide obtained from Gynura pseudochina named Gynurin, which in the dimer form of 
LNCCNLLL resulting from the formation of disulfide bonds has led to the inhibition of growth and proliferation of human gastric cancer 
cell line (KATO-III) without any effect on normal cells [43]. The main plant sources for the purification of biologically active peptides 
that are consumed as food include fruits and vegetables, grains, and legumes. In general, an advantage of these sources compared to 
animal sources is the lack of prejudice towards their use, so they are readily accepted as raw materials for extracting protein and 
bioactive compounds [44]. Ma et al. have evaluated defatted walnut (Juglans regia L.) protein hydrolysates for the presence of anti-
cancer peptides. The results have shown the identification of CTLEW as a peptide with anticancer properties from this plant source. In 
this study, the walnut residual protein after defatting has been subjected to hydrolysis with five enzymes, and the mentioned purified 
peptide has led to inhibiting the growth of breast cancer MCF-7 cells by increasing apoptosis and autophagy; in addition, it has been 
effective in reducing the growth of Caco-2 and HeLa cells [45]. Bitter gourd (Momordica charantia) contains many phytochemicals that 
lead to antidiabetic, anticancer, antimicrobial, antioxidant, and antihypertensive properties. BG-4 is a peptide derived from bitter 
gourd seeds and has been found to have an inhibitory activity on colon cancer cells by affecting proteins involved in apoptosis and cell 
cycle [46]. The evaluation of corn-derived peptides for anticancer function has shown a decrease in the survival of liver hepatocellular 
carcinoma cells (HepG2) by inducing cell death, cell cycle arrest, and boosting the immune system [47]. In another study, rice bran has 
been used as a source for the purification of antitumor peptides, and the fraction containing peptides with a molecular weight below 5 
kDa has led to the inhibition of cancer cells proliferation. Pentapeptide Glu-Gln-Arg-Pro-Arg with anticancer properties has been 
identified from this fraction through mass spectrometry analysis and de novo sequencing [48]. Studies conducted on kafirin as the main 
and abundant protein stored in sorghum have confirmed its anticancer effect. The kafirin hydrolysates produced with papain enzyme 
have shown a significant reduction in the growth of HepG2 cancer cells [49]. Salvia hispanica (chia) is a pseudocereal with high protein 
content, which Quintal-Bojórquez et al. found that its protein fractions have an anticancer effect on MCF-7, Caco2, PC-3, and HepG2 
cell lines. The peptide KLKKNL has been sequenced from one of the protein fractions with the highest efficiency [50]. In the case of 
legumes, two antimicrobial peptides, lunatusin and vulgarinin, both with a molecular weight of 7.0 kDa, have been identified from 
Chinese lima bean (Phaseolus lunatus L.) and haricot beans (Phaseolus vulgaris), respectively, which show almost similar antibacterial 
and antifungal function. Two peptides have also exerted anticancer activity on tumor cells, such that lunatusin prevented the pro-
liferation of breast cancer cell line (MCF-7) and vulgarinin from leukemia (L1210 and M1) and breast (MCF-7) cell lines [51,52].

Given the estimated population of 9 billion by 2050 and concerns about meeting food needs, marine algae have attracted much 
attention in the food industry due to their high protein content, which exceeds even other protein sources such as milk and soybean. 
Algae, as a source of bioactive compounds, have shown many health-promoting effects, including anticancer activity [53,54]. The 
antiproliferative effect of the peptides obtained from the enzymatic hydrolysis of Porphyra haitanesis seaweed protein has been 
investigated on five cell lines from breast, liver, gastric, lung, and colon cancer, and finally, the purified peptide with sequence 
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VPGTPKNLDSPR has inhibited the proliferation of MCF-7 cells by preventing the cell cycle and inducing apoptosis [55]. Microalgae 
are photosynthetic microorganisms that, like macroalgae, are considered a rich source of nutrients and anti-cancerous bioactive 
compounds. Ko et al. have identified heptapeptide Leu-Leu-Ala-Pro-Pro-Glu-Arg from microalgae Pavlova lutheri, which inhibits 
MMP-9 production in PMA-stimulated HT-1080 fibrosarcoma cells by interfering with the activity of JNK, p38, and NF-κB pathways 
[56].

2.3. Agro-industrial waste as a novel source of bioactive peptides

In many researches, expensive protein sources have been used to isolate bioactive peptides, while choosing a suitable source can 
play a significant role in improving the purification process and reducing production costs. Agro-industrial activities usually generate 
much waste, which, in addition to causing environmental problems, requires high expenses to manage and dispose of them [57]. The 
recent developments in the food industry are associated with challenges, the most important of which are food safety and handling 
by-products. Reports indicate that one-third of the food produced for humans, which is about 1.3 billion tons, according to the reports 
of the Food and Agricultural Organization of the United Nations (FAO), is lost or wasted every year [58]. Depending on the type of 
origin, waste can be divided into two categories: wastes of animal origin which are related to meat, seafood, and dairy processing 
industries, and waste of plant-based wastes, which are related to fruit and vegetable industries, that constitute a major volume of 
waste, including peels/skins, leaves, seeds, shells, pods, cores, pulp, pomace (solid waste) and juice (liquid waste). Using common 
methods such as incineration and landfill for waste disposal has many environmental consequences because they produce pollutants 
and greenhouse gases such as carbon dioxide and methane, respectively. Hence, waste management in order to reduce or convert them 
into nutraceutical products is one of the essential goals in performing the best processes, which requires a basic understanding of the 
production of food waste, the volume produced, the nature, and the characteristics of its components [59,60]. These by-products 
usually constitute a valuable source of proteins that can be precursors for the isolation of bioactive compounds beneficial in health, 
especially in developing countries that are associated with a deficiency of protein sources [61]. For example, tomato (Solanum lyco-
persicum L.) pomace, which mainly contains skin and seeds, is removed as waste material after processing this fruit into sauces, juices, 
puree, etc. Based on the reports, tomato seeds are rich in bioactive compounds, including proteins/peptides, vitamins, phytochemicals, 
lycopene, and pectin, and have antioxidant, antitumor, and antimicrobial effects [62]. Therefore, the use of these unusable and 
non-renewable materials, which are produced every year in large volumes by different countries, in addition to providing a significant 
and cheap protein source, also contributes to the sustainability of the environment and can be a suitable solution for the world 
population growth and people’s nutrition concerns [63]. In this field, studies have been conducted so far, some of which will be 
mentioned below.

V’asquez-Villanueva et al. have reported an antitumor peptide with the sequence LLPSY from the fraction containing peptides with 
molecular weights of less than 3 kDa and the highest antihypertensive activity, which has been produced from olive seed hydrolysates 
with thermolysin enzyme. This peptide has shown a significant inhibitory effect on MDA-MB-468 and PC-3 cancer cell lines [64]. 
IbACP (AASTPVGGGRRLDRGQ) is a peptide with anticancer effects identified from sweet potato leaves (Ipomoea batatas). This 
peptide, which is sixteen amino acids long, has inhibited the Panc-1 pancreatic cancer cell line via triggering apoptosis. In addition, an 
augmentation in the level of cleaved caspase 3 and 9 and poly (ADP-Ribose) polymerase (PARP) activity has been observed in cells 
treated with IbACP [65]. Soybean is considered as one of the most widely consumed legumes in the world, which is cultivated for oil 
extraction in addition to its high protein content. Soybean meal is a residual by-product after extracting oil from seeds. Rayaprolu et al. 
have used this protein source to identify anticancer peptides against colon, lung, and liver cell lines [66]. In another study, pepsin 
hydrolysates from algae protein wastes have demonstrated an inhibitory effect on the growth of AGS human gastric adenocarcinoma 
cells. Peptide VECYGPNRPQF, with the best anti-proliferative and antioxidant performance, has been identified from the effective 
peptide fraction [67]. The inclusion of fish consumption in the diet is recommended due to its high benefits; however, fish processing 
generates a high percentage of by-products such as head, backbone, fins, viscera, and skin, which have attracted the attention of 
researchers to investigate biomedical properties of their components and integration into food supplements [68]. Yaghoubzadeh et al. 
have focused on novel peptides from fish by-products and investigated their antioxidant and anticancer activities. In this study, 
enzymatic hydrolysis by Flavourzyme and Alcalase and ultrafiltration method have been used to prepare bioactive peptides from 
rainbow trout skin (Oncorhynchus mykiss). The results have shown the antioxidant activity dependent on the concentration of hy-
drolyzed protein (Flavourzyme higher than Alcalase) and inhibition of colon cancer cells (HCT-116) growth by peptide fractions with a 
molecular weight of less than 3 kDa [69]. In addition, the antiproliferative potential of protein hydrolysates of Meagres “Argirosomus 
Regius” and Gilthead Sea Breams “Sparus Aurata” by-products has been proven on COLO320 and MCF7A cell lines [70]. Abundant 
cultivation of rice in order to provide the main source of food for many people produces about 120 million tons of rice husks every year, 
which is considered one of the major agricultural wastes. Ilhan-Ayisigi et al. have shown the anticancer effect of rice husk-derived 
protein hydrolysates in two forms, free and encapsulated in chitosan, on human lung cancer cell line A549 and human breast 
tumor cell lines MCF7 and MDA-MB–231 [71].

3. Biological functions of bioactive peptides

Bioactive peptides have great potential to regulate and treat health-related disorders; from this point of view, their antimicrobial, 
anti-inflammatory, antioxidant, antidiabetic, antihypertensive, lowering blood cholesterol, opioid, immunoregulatory, mineral- 
binding, antiobesity, and anticancer therapeutic properties can be mentioned (Fig. 1). The characteristics of these biological func-
tions are often dependent on the properties of the peptide, including chain length, molecular weight, amino acid composition, 
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conformation, net charge, and hydrophobicity [72].
According to statistics, 5 % of the main functions of antimicrobial peptides are related to anticancer activities. In other words, some 

antimicrobial peptides, in addition to their capabilities to eliminate microorganisms and protect the host against infectious agents, are 
able to induce toxicity in cancer cells through membrane targeting mechanisms (or other mechanisms) and are generally known as 
anticancer peptides (ACPs) [73]. Porcine cathelicidin peptide, tritrpticin (VRRFPWWWPFLRR), and its derivatives, including indo-
licidin and puroindoline A, have exhibited significant toxicity in the Jurkat T cell leukemia line. The selectivity of these peptides has 
been increased by substituting arginine with lysine. Accordingly, the insertion of cationic amino acids based on lysine can be a suitable 
approach to improve the selectivity of synthetic anticancer peptides [74]. Considering the promising results related to the role of 
antimicrobial peptides in cancer treatment and the existence of limited information about their mechanisms of action, further research 
in this area could highlight their importance in the food and pharmaceutical industries. Chronic inflammation caused by not removing 
inflammatory factors increases the risk of diseases, including cancer, so it is considered as a carcinogenic factor [75]. By reducing and 
inhibiting pro-inflammatory mediators, bioactive peptides protect the organism from the adverse effects of excessive inflammatory 
response. For example, Cruz-Chamorro et al. have shown the anti-inflammatory effect of two peptides, WVSPLAGRT and IGFLIIWV, 
purified from the hydrolysates of hempseed [76]. Oxidative stress conditions also provide an opportunity for diseases such as cancer by 
causing serious damage to cellular components such as DNA, lipids, and proteins. In a study, in order to effectively use by-products of 
monkfish (Lophius litulon) processing, monkfish swim bladders proteins were hydrolyzed by papain protease, and the antioxidant 
activity of 18 identified peptides was evaluated and determined [77]. The development of immunoregulatory bioactive peptides to 
better control diseases such as cancer by the immune system can be a suitable alternative to therapeutic agents [78]. These peptides 
help to regulate the immune system through immune stimulation or immunosuppression; therefore, in addition to improving im-
munity, they are also useful in conditions such as autoimmune diseases. The mechanism of action of immune regulatory peptides is 
different in the way that they affect the toxicity of natural killer (NK) cells, phagocytic activity of macrophages, proliferation or 
removal of lymphocytes, secretion of cytokines from T lymphocytes, and antibody production from B lymphocytes [79]. PEP1 peptide 
with amino acid sequence GIAASPFLQSAAFQLR obtained from rice (Oryza sativa L.) protein has been identified as an immunopeptide 
[80].

3.1. Anticancer activity

3.1.1. Overview of cancer
According to a cross-continental study conducted in 21 countries, it has been observed that cancer is the principal cause of 

mortality in many countries [81]. Based on the International Agency for Research on Cancer (IARC) statistics, in 2022, close to 20 
million new cases of cancer and 9.7 million deaths are estimated worldwide, and by 2050 the number of new cases is expected to reach 
35 million, highlighting the growing global burden of cancer. The findings show that one in five people develop cancer during their 
lifetime and almost 1 in 9 men and 1 in 12 women die as a result of this disease. Lung cancer is diagnosed as the most common cancer 

Fig. 1. Discovery of bioactive peptides from various sources with the potential to perform several biological activities in the body.

M. Bidram and M.R. Ganjalikhany                                                                                                                                                                                Heliyon 10 (2024) e40563 

5 

http://VRRFPWWWPFLRR


with 2.5 million new cases identified in 2022, accounting for 12.4 % of all cancers globally. Moreover, lung cancer is the deadliest 
cancer and leading cause of mortality in the world with 1.8 million deaths or 1 in 5 deaths [82]. Among the cases of lung cancer, 
non-small-cell lung cancer (NSCLC) accounts for about 85 % and small-cell lung cancer (SCLC) for 15 % of the rest, and in general, in 
most cases, the main cause of the disease is the entry of toxic substances into the lungs through smoking [83]. The next most common 
cancers reported include breast (2.3 million new cases, 11.6 %), colorectal (1.9 million new cases, 9.6 %), and prostate (1.5 million 
new cases, 7.3 %) respectively, among which, based on gender differences, lung cancer in men and breast cancer (666,000 deaths) in 
women are the most frequent cancers in terms of incidence and mortality [82]. Colorectal cancer, as the second cause of cancer-related 
deaths (904,000 deaths), usually begins with the formation of pre-cancerous polyps in the inner wall of the colon or rectum. Although 
there are different types of colorectal cancers, adenocarcinomas are the most common types that form in mucus-producing cells [84]. 
Prostate cancer with 397,000 deaths worldwide, is specific and common in men. Since this exocrine gland performs important 
functions in the body, people with this type of cancer may experience various problems in urination, ejaculation, and fertility [85]. 
Melanoma is the most aggressive and deadly type of skin cancer that starts in the pigment-producing cells or melanocytes. Malignant 
melanoma is responsible for the death of approximately 58,667 people due to its high development and progression speed and ability 
to invade and spread to other organs [86]. Cancers can be treated if diagnosed in time, and in the early stages of the disease, but 
advanced cancers reduce the chance of survival due to metastasis to distant organs. There are many factors that directly or indirectly 
contribute to the development of cancer, which makes the treatment of cancer complicated and, in some cases, impossible. Chemo-
therapy is considered the most effective and extensively used method for cancer treatment, and in recent years, advances in 
chemotherapy drugs, as well as the development of new strategies such as targeted therapy, stem cell therapy, and nanoparticles, along 
with conventional strategies, have played a significant role in the recovery of patients. Chemotherapy drugs usually prevent the growth 
and proliferation of cancer cells by increasing reactive oxygen species (ROS) and inducing apoptosis (programmed cell death) [87,88]. 
However, due to the lack of specificity to cancer cells, chemical drugs also affect normal cells. As a result, they are associated with side 
effects such as nausea, hair loss, and immunodeficiency, which makes their use a worrisome issue [89]. Therefore, the emphasis on 
identifying anticancer approaches with no or low side effects has led researchers to search for novel biological molecules instead of 
harmful chemical drugs.

3.1.2. Anticancer bioactive peptides
Bioactive peptides, as small biological molecules derived from protein sources, can be used in cancer treatment because their 

cytotoxic activity against different cancer cell lines has been proven. Actually, peptides represent their anticancer function with 
various mechanisms (Fig. 2) and limited side effects. In addition to the function of peptides as cytotoxic compounds, they also have the 
potential to be used as carriers for toxic agents, which increases their application capabilities. Bioactive peptides also reduce the high 
treatment costs caused by chemotherapy and minimize tissue damage with specific functions, so they can be considered a suitable 
option for the treatment of this metabolic disease and an alternative to conventional methods [90,91].

Since growing tumors perform angiogenesis to supply oxygen and nutrients, and the formation of these new vessels is one of the 

Fig. 2. Different strategies of anticancer peptides (ACPs) to attack cancer cells. The modes of action of ACPs include inhibiting the angiogenesis 
process, cancer cell death through apoptosis or necrosis, stimulation of the immune system, or affecting essential proteins. Various ACPs may 
employ more than one strategy.
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main effective factors in metastasis, inhibition of angiogenesis plays a significant role in cancer treatment, so this process is one of the 
targets of anticancer drugs [92]. Bioactive peptides also inhibit angiogenesis, which is one of their anticancer strategies. For example, a 
peptide purified from shark cartilage has shown anti-angiogenic effects in the zebrafish embryos model. Moreover, inhibition of 
VEGF-mediated migration and tubulogenesis in human umbilical vein endothelial cells (HUVECs) was achieved by this peptide in a 
dose-dependent manner [93]. Vascular endothelial growth factor (VEGFs) family members and their receptors (VEGFRs) are the 
important regulators of angiogenesis, among which VEGFA and VEGFR2 play the main role. Ligand binding to cell surface receptors 
initiates the signaling cascades of cell proliferation, migration, survival, and, finally, angiogenesis [94]. As a result, they are a good 
target for therapeutic agents. Liu et al. confirmed the anti-angiogenic effect of CS5931 polypeptide isolated from Ciona savignyi through 
the inhibition of VEGF and matrix metalloproteinases (MMP-2 and MMP-9) expression in vitro and in vivo and introduced it as an agent 
in cancer treatment [95]. Furthermore, aplidine, a known cyclodepsipeptide from marine origin, has shown significant potential in 
inhibiting angiogenesis and as an anticancer compound [24].

Another strategy used by anticancer peptides is the induction of cell death through pathways such as apoptosis and necrosis. Since 
escaping from apoptosis is one of the characteristics of cancer cells, understanding this pathway and the proteins involved in it can be 
helpful in eliminating cancer cells [96]. Apoptosis takes place through two pathways: the extrinsic pathway starts with the binding of 
ligands to death receptors, such as the binding of TNF to TNFR1, and the intrinsic pathway increases mitochondrial membrane 
permeability by stimuli such as oncogenes [97]. The increase or decrease of pro-apoptotic and anti-apoptotic proteins are involved in 
this process; it will be discussed in detail below. So far, many bioactive peptides from different sources have been reported to exert their 
anticancer effects by activating apoptosis. For example, it has been shown that a peptide originating from ginger has the ability to 
increase apoptosis in leukemia cells. This peptide (RALGWSCL), which was isolated from the fraction with the highest toxicity, led to 
the upregulation of caspases 3, 8, and 9 and the pro-apoptotic protein BAX, and the downregulation of the anti-apoptotic protein BCL2. 
Furthermore, the treatment of cancer cells with the resulting peptide has demonstrated an increase in the expression of P53 at the level 
of mRNA and protein as the key regulator in apoptosis [98]. The peptide lunasin, which was first detected in soy and then in other 
grains, has shown its efficacy in cancer prevention and treatment by suppressing mitosis and cell proliferation and increasing cell death 
in many in vitro and in vivo experiments [99]. For instance, to evaluate the protective role of lunasin in breast cancer, mice fed with a 
diet containing 0.23 % lunasin showed a decrease in tumor occurrence from 67 % to 50 % compared to the control group [100]. Since 
maize is the most widely consumed cereal in the world, many studies have used cellular experiments to evaluate its anticancer effect 
[101]. Ortiz-Martinez et al. have indicated the antiproliferative property of maize-derived peptide fractions on HepG2 human hep-
atocarcinoma cells, which probably act by reducing the expression of anti-apoptotic factors and inducing apoptosis [102]. In general, 
food proteins are considered a valuable source for the discovery of anticancer peptides. In 2019, the investigation of regular con-
sumption of kefir (fermented milk) on the incidence of pre-neoplastic colonic lesions in Wistar rats was carried out. The results have 
revealed a decrease in the observation of abnormal crypt foci (ACF), an increase in the production of short-chain fatty acids, as well as 
an elevation in the concentration of TNF-α and IL-1β, and the enzyme catalase in the colon carcinogenetic model [103].

Furthermore, bioactive peptides block intermediates in the signaling pathways related to cell growth and proliferation, for 
example, through deformation and inactivation of enzymes. Also, boosting the immune system by presenting the surface antigens of 
cancer cells as a danger signal to stimulate the immune response further and increase the sensitivity of cancer cells to immune 
compounds is efficient in removing the tumor by peptides [104].

3.1.2.1. Antilung cancer bioactive peptides. Lung cancer is the deadliest cancer among all types of cancer, with the highest death rate in 
the world. Smoking, as the main cause of lung cancer, is related to 80–90 % of cases. Since there are more than 20 carcinogens in 
tobacco smoke, non-smokers are also at risk of lung cancer by inhaling it [105]. As the main organ of respiration, the lungs are 
responsible for receiving oxygen and leaving carbon dioxide in the inhalation and exhalation processes. Therefore, people with lung 
cancer are associated with annoying symptoms such as breathing problems, chronic cough, and chest pain. Human lung cancers 
include two main types: small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC), the latter of which includes 3 subtypes 
of adenocarcinoma, squamous cell carcinoma, and large cell carcinoma, in order of frequency. In general, NSCLC is the most common 
type of this malignancy, with 85 % of lung cancer cases [106]. In addition to the development of targeted chemical drugs, many studies 
have been conducted to identify bioactive peptides for lung cancer treatment in the hope of increasing the survival rate of patients. In a 
study, wheat germ protein was subjected to hydrolysis with three enzymes, alcalase, pepsin, and proteinase K, and the resulting 
hydrolysates were evaluated for their antioxidant and anticancer activity on the A549 cell line. Peptides produced by hydrolysis of 
each enzyme in fractions with more activity have been identified and synthesized. Peptide SSDEEVREEKELDLSSNE is known as the 
strongest cytotoxic peptide in this study, which was obtained from pepsin enzyme hydrolysates [107]. Magainin 1 and 2 are peptides 
derived from the skin of Xenopus laevis, which, due to their amphiphilic nature and helix structure, their antimicrobial activity has been 
observed in various studies. Magainin A and G have been synthesized as analogs of these peptides, and their antitumor potential has 
been investigated for several small cell lung cancer (SCLC) cell lines. Finally, magainin A and G have shown antitumor effects by 
preventing the growth of cancer cells. Meanwhile, magainin G, with less toxic effects on normal cells, is considered a better option for 
treatment [108]. In addition, the anticancer activity of a decapeptide called PAP (Perinereis aibuhitensis peptide) isolated from a natural 
marine source (Perinereis aibuhitensis) has also been shown on H1299 cells. The treatment of cancer cells with this peptide obtained 
from enzymatic hydrolysis has led to a decrease in proliferation and cell cycle arrest, as well as an increase in apoptosis due to the 
enhancement of pro-apoptotic factors compared to anti-apoptotic ones. Therefore, PAP as a suitable candidate has the ability to be 
used in non-small cell lung cancer treatment [109]. Some of the anti-lung cancer bioactive peptides are listed in Table 1.
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3.1.2.2. Antibreast cancer bioactive peptides. Breast cancer is known as the most common malignancy in women around the world, and 
its development is related to various factors such as heredity, lifestyle, obesity, and aging [110]. Although gender is one of the effective 
factors in the development of this type of cancer, breast cancer also occurs in men, but it is rare; 100 times more common in women 
than men [111]. Many oncogenes and anti-oncogenes have been identified whose mutation and unbalanced proliferation play a 
significant role in causing breast cancer. HER2, EGFR, and BRCA1/2 are among the important genes whose activation and mutation are 
effective at the beginning of this process [112]. Since breast cancer is a major common problem in the world, access to diagnostic 
methods and identification of new treatment methods are highly emphasized. In recent years, biological treatments, including the 
discovery of bioactive peptides from different sources, have been developed to treat this disease. For example, bioactive peptides 
produced from hydrolysis of casein and whey fractions of goat milk with pepsin and trypsin enzymes have shown anticancer effects 
against breast cancer cell line (MCF-7). The analyses performed on dead cancer cells treated with peptide fractions have displayed a 
decrease in the expression of the pyruvate kinase M2, glycogen synthase kinase 3-β, L-lactate dehydrogenase B enzymes, and mucin 1-C 
and an increase in the expression of receptor-interacting serine/threonine-protein kinase 1 enzyme [113]. Taniya et al. have found that 
bioactive peptides obtained from the enzymatic digestion of Amaranthus caudutus L. (pseudocereal) seed proteins act as an antitumor 
agent in this type of cancer. The treatment of the MDA-MB-231 cell line with the resulting bioactive peptides has led to the reduction of 
tumor cell growth and migration, morphological changes in the nucleus and cell membrane, and, as a result, induction of apoptosis 
[114]. The CPe-III-S peptide (RQSHFANAQP) has been isolated from the hydrolysis product of chickpea albumin, which, in addition to 
antioxidant activity, has shown anti-proliferative effects against breast cancer cells. The peptide has demonstrated its antitumor ac-
tivity by binding specifically to p53 and increasing the level of this protein [115]. A list of bioactive peptides derived from different 
sources against breast cancer is presented in Table 2.

3.1.2.3. Anticolorectal cancer bioactive peptides. Like any other cancer, colorectal cancer is caused by mutations in certain genes. Point 
mutations are the cause of 70 % of colorectal cancers, which are known as sporadic cancers. Creating a mutation in a specific gene and 
forming non-malignant adenomas (polyps) can be the basis for the onset of colorectal cancer because about 15 % of these adenomas 
can turn into carcinomas following other mutations. Of the remaining 30 % of colorectal cancers, 5 % are inherited cancers, and 25 % 
are familial cancers, which are caused by inherited mutations [84,116]. Various factors play a role in the formation of polyps and the 
development of colorectal cancer, among which age is considered the most important factor. Hence, the probability of suffering this 
type of cancer increases significantly in people over 50. Apart from unchangeable factors such as the history of personal or family 
diseases, lifestyle changes such as a healthy diet, reducing tobacco and alcohol consumption, and increasing physical activities can be 
effective in reducing the risk of types of cancer, including colorectal [116]. As a new strategy in the treatment, one of the purified 

Table 1 
Bioactive peptides derived from different sources against lung cancer.

Sources Bioactive Peptides/Protein 
Hydrolysates

Target cell line(s) Peptide concentration in cell assays References

Blood clam 
(Tegillarca 
granosa) muscle

WPP (398.44 Da) H-1299 cell line Final concentrations of 1.5, 2, 2.5, 3, 4, and 5 
mg/mL in MTT assay and IC50 value 3.3 mg/ 
mL

[209]

Ruditapes 
philippinarum

AVLVDKQCPD (1950 Da) A549 cell line The final concentration of 0–2.0 mg/mL in 
MTT assay and LC50 value 1.35 mg/mL.

[210]

Spider Lycosa vittata 
venom

LVTX-8 (2847.99 Da) 
IWLTALKFLGKNLGKHLAKQQLSKL

A549 and H460 cell 
lines

IC50 value 8 μM after 24 h incubation and 
concentrations of 2.5 and 5 μM of peptide for 
comparative treatment in two cell lines.

[211]

European honey bee 
(Apis mellifera) 
venom

Melittin (2840 Da) 
GIGAVLKVLTTGLPALISWIKRKRQQ

A549 cell line Concentrations of 0, 0.5, 1, 2, or 4 μg/mL of 
peptide in cell viability assays.

[212]

Wheat germ SSDEEVREEKELDLSSNE (2136.9 Da) A549 cell line Concentrations of 0.3–16 μM peptide and IC50 

value 2.34 μM.
[107]

African clawed frog 
(Xenopus laevis) 
skin

Magainin 1 and 2 analogs (Magainin A and 
G, 2450 and 2473 Da, respectively)

SCLC cell lines: NCI- 
H82, NCI-H526, NCI- 
H678, NCI-H735, NCI- 
H841, and NCI-H889

Concentration ranges of MAG A: 0.83–66.2 μM 
(2.5–200 μg/mL); MAG G: 0.82–65.7 μM 
(2.5–200 μg/mL). The average IC50 of MAG A 
against 6 SCLC cell lines: 8.64 μM (range, 
6.23–11.7 μM) and MAG G: 8.82 μM (range, 
4.44–12.5 μM).

[108]

Perinereis 
aibuhitensis

PAP (1081.20 Da) 
IEPGTVGMMF

H1299 cell line Final concentrations of 0, 0.23, 0.46, 0.69, and 
0.92 mM in antiproliferative assay and IC50 

values 0.69, 0.38, and 0.27 mM at 24, 48 and 
72 h, respectively.

[109]

Caribbean sponge 
(Smenospongia 
aurea)

Smenamides A and B (isomerichybrid 
peptide/polyketide compounds)

Calu-1 cell line 72 h of treatment with concentrations of 1, 10, 
30, 50, 70, and 100 nM in MTT assay and IC50 

values 48 nM for A and 49 nM for B.

[213]

Spirulina 
(Arthrospira) 
platensis

YGFVMPRSGLWFR (1614.8130 Da) A549 cell line Concentrations of 31.25–500 μg/mL of peptide 
in MTT assay and IC50 value 104.05 μg/mL.

[214]

Soybean meal Peptide fractions with molecular sizes of <5 
kDa, 5–10 kDa, and 10–50 kDa

NCL-H1299 cell line The concentration of 800 μg/mL of peptide 
fractions in MTS assay.

[66]
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bioactive peptides against this cancer is SCAP1 (with LANAK sequence) from oyster (Saccostrea cucullata), which has been identified to 
have anticarcinogenesis ability against HT-29 human colon carcinoma cell line [117]. Spirulina is an edible blue-green alga that 
contains about 60 % protein, and its potential in the treatment of diseases, including cancer, has been proven [118]. Wang et al. have 
selected this protein-rich source as a precursor for the production of bioactive peptides and have shown the antiproliferative effect of 
the resulting peptide fractions on various cancer cell lines. The peptide HVLSRAPR, with a high potential to inhibit the human 
colorectal adenocarcinoma cell line (HT-29), has been reported by this group [119]. In addition, in another study, five peptides GLTSK, 
LSGNK, GEGSGA, MPACGSS, and MTEEY have been isolated from the common bean, and their anti-proliferative effect on colorectal 
cancer cells have been demonstrated by modulating the factors involved in apoptosis and cell cycle [120]. Table 3 shows examples of 
anti-colorectal cancer bioactive peptides.

3.1.2.4. Antiprostate cancer bioactive peptides. Prostate cancer is known as one of the most commonly diagnosed cancers in men, 
affecting approximately 1 in 25 men in the world [121]. In fact, the prostate is an important gland in the male urogenital system 
because it plays a crucial role in semen production and, in this way, helps to protect and transfer the sperm produced in the testicles. 
The prostate is normally the size of a walnut in healthy people, but it usually enlarges with age, which refers to benign prostatic 
hyperplasia [122]. In addition to age, race, genetics, family history, smoking, nutrition, and obesity are among the basic risk factors in 
the development of this cancer [85]. PSA (prostate-specific antigen) level, as one of the enzymes in the prostate fluid, is routinely 
measured in order to check the health of the prostate. Although performing this test can help early detection of cancer and increase 
survival, it also comes with disadvantages, such as showing false results [123]. Apart from conventional treatments, many bioactive 

Table 2 
Bioactive peptides derived from different sources against breast cancer.

Sources Bioactive Peptides/Protein 
Hydrolysates

Target cell 
line(s)

Peptide concentration in cell assays References

Tuna cooking juice KPEGMDPPLSEPEDRRDGAAGPK (2449.292 Da) and 
KLPPLLLAKLLMSGKLLAEPCTGR (2562.405 Da)

MCF-7 cell 
line

The concentration of 1 mg/mL of 
hydrolysates and its fractions and 0–5 mg/mL 
PAH2.5 for determining antiproliferative 
activity with IC50 value 1.39 mg/mL.

[215]

Common bean 
(Phaseolus 
vulgaris) Legumi 
Secchi cultivar

Hemagglutinin (N-terminal sequence: 
ANDISFNFVRFNETNLILGG)

MCF-7 cell 
line

Concentrations of 10–10000 nM of peptide in 
MTT assay and IC50 value 0.2 μM.

[216]

Tuna dark muscle by- 
product

(1) LPHVLTPEAGAT (1206 Da) and (2) 
PTAEGGVYMVT (1124 Da)

MCF-7 cell 
line

1 mg/mL of hydrolysates and various 
concentrations of fractions in MTT assay with 
IC50 values of 8.1 and 8.8 μM for peptides (1) 
and (2), recpectively.

[217]

Chickpea CPe-III (1155 Da) 
RQSHFANAQP

MCF-7 and 
MDA-MB- 
231 cell 
lines

Concentrations of 0.5, 1, 1.5, 2 and 2.5 μmol/ 
mL in MTT assay and EC50 values of 2.38 
μmol/mL for MCF-7 and 1.50 μmol/mL for 
MDA-MB-231.

[115]

Ruditapes 
philippinarum

AVLVDKQCPD (1950 Da) MDA-MB- 
231 cell line

The final concentration of 0–2.0 mg/mL in 
MTT assay and LC50 value 1.58 mg/mL.

[210]

Dendrobium catenatum 
Lindley

RHPFDGPLLPPGD (1416.8370 Da), 
RCGVNAFLPKSYLVHFGWKLLFHFD (2993.7427 Da) 
and KPEEVGGAGDRWTC (1503.8099 Da)

MCF-7 cell 
line

The concentration of 500 μg/mL of P1, P2, 
and P3 in MTT assay.

[218]

Walnut (Juglans regia 
L.)

CTLEW (651.2795 Da) MCF-7 cell 
line

Treatment with concentrations of 0.5 and 1 
mg/mL of peptide for 48 h in apoptosis and 
cell cycle distribution analyses.

[45]

Olive seed LLPSY (591.3268 Da) MDA-MB- 
468 cell line

Concentrations of 0, 50, 75, 150, 300 and 
500 μg/mL in MTT assay and IC50 value 97.6 
± 1.9 μg/mL.

[64]

Xenopus laevis skin 
secretion

XLAsp-P1 (607.7 Da) 
DEDDD

MCF-7 cell 
line

Concentrations from 0 to 50 μg/mL of peptide 
in MTT assay and LC50 value less than 5 μg/ 
mL

[219]

Bovine β-casein INKKI MCF-7 cell 
line

Concentrations from 145 nM to 0.28 nM in 
MTT assay and IC50 % value was 3.78 μg/mL.

[220]

Soybean Lunasin (43 amino acids, 5.5 kDa) MDA-MB- 
231 cell line

Concentration ranges from 0.1 to 200 μM in 
MTT assay and IC50 value 181 μM.

[221]

Chinese lima bean 
(Phaseolus lunatus 
L.)

Lunatusin (7 kDa) MCF-7 cell 
line

Concentrations from 0 to 160 μM in MTT 
assay and IC50 value 5.71 μM.

[51]

Rice bran EQRPR (685.378 Da) MCF-7 and 
MDA-MB- 
231 cell 
lines

Dosage of peptide from 100 to 1000 μg/mL in 
MTS assay.

[48]

Red and brown 
Lens culinaris

Twenty-eight peptides have been sequenced from 
fractions with MW ≤ 3 kDa

MCF-7 cell 
line

Concentrations of 5, 10, 15, 20, and 30 mg/ 
mL in MTT assay and IC50 value 12.27 mg/ 
mL.

[222]
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Table 3 
Bioactive peptides derived from different sources against colorectal cancer.

Sources Bioactive Peptides/Protein 
Hydrolysates

Target cell line(s) Peptide concentration in cell assays References

Spirulina platensis HVLSRAPR (935.1 Da) HT-29 cell line IC50 value of 99.88 μg mL− 1. [119]
Walnut (Juglans 

regia L.)
CTLEW (651.2795 Da) Caco-2 cell line Treatment with concentrations of 0.5,1,2,3,4 mg/mL 

for 48 h in MTT assay and IC50 value 0.65 ± 0.42 mg/ 
mL.

[45]

Oyster (Saccostrea 
cucullata)

LANAK (515.29 Da) HT-29 cell line Concentrations from 10 to 100 μg in MTT assay and IC50 

values of 90.31 ± 0.45, 70.87 ± 0.82, and 60.21 ±
0.45 μg/mL for 24, 48 and 72 h of incubation 
respectively.

[117]

Quinoa 
(Chenopodium 
quinoa Willd.)

LWREGM (790.32 Da), DKDYPK (764.40 
Da), IFQEYI (811.30 Da), DVYSPEAG 
(836.44 Da), and RELGEWGI (958.50 Da)

Caco-2, HT-29, 
and HCT-116 cell 
lines

IC50 value of 0.600 ± 0.006, 0.594 ± 0.003 and 0.195 
± 0.001 mg peptide/mL of F-1, F-2 and F-3 fractions for 
HT-29, respectively. 0.746 ± 0.001, 0.807 ± 0.008 and 
0.193 ± 0.003 mg peptide/mL of F-1, F-2 and F-3 for 
HCT-116, respectively. 0.256 ± 0.004 mg peptide/mL 
of F-3 for Caco-2.

[223]

Common bean 
(Phaseolus 
vulgaris L.)

GLTSK (505.48 Da), LSGNK (518.29 Da), 
GEGSGA (521.22 Da), MPACGSS (656.01 
Da) and MTEEY (671.98 Da)

HCT-116, RKO, 
and KM12-L4 cell 
lines

Concentrations of peptide extracts from 0.125 to 1 mg/ 
mL in MTS assay and AH-PE-IC50 = 0.53 mg/mL for 
HCT-116 and BM-PE-IC50 = 0.51 mg/mL for RKO.

[120]

Soybean meal Peptide fractions with molecular sizes of 
<5 kDa, 5–10 kDa, and 10–50 kDa

HCT-116 and 
Caco-2 cell lines

The concentration of 800 μg/mL of peptide fractions in 
MTS assay.

[66]

Soybean Lunasin (43 amino acids, 5.5 kDa) HCT-116, KM12- 
L4, RKO, and HT- 
29 cell lines

Concentrations of 0–100 μM in MTS assay and IC50 

values 13 μM for KM12-L4, 21.6 μM for RKO, 26.3 μM 
for HCT-116 and 61.7 μM for HT-29.

[224]

Bitter gourd 
(Momordica 
Charantia L.) 
seeds

BG-4 (4 kDa) HCT-116 and HT- 
29 cell lines

Concentrations of 0–1000 μg/mL in MTS assay and 
ED50 values of 134.4 and 217.0 μg/mL for HCT-116 and 
HT-29, respectively.

[46]

Rice bran EQRPR (685.378 Da) Caco-2 and HCT- 
116 cell lines

Dosage of peptide from 100 to 1000 μg/mL in MTS 
assay.

[48]

Solitary tunicate 
(Styela clava)

Peptide fraction with MW 3.6 ± 0.1 kDa DLD-1 cell line Concentrations of 100–1000 μg/mL in MTT assay and 
IC50 value of 1163.3 μg/mL.

[225]

Table 4 
Bioactive peptides derived from different sources against prostate cancer.

Sources Bioactive Peptides/Protein 
Hydrolysates

Target cell line 
(s)

Peptide concentration in cell assays References

Sepia ink QPK (343.4 Da) DU-145, PC-3, 
and LNCaP cell 
lines

Treatment with concentrations of 3, 5, 7, 10, 13 and 15 
mg/mL of peptide for 24, 48, and 72 h in CCK-8 assay.

[125]

Ruditapes philippinarum AVLVDKQCPD (1950 Da) PC-3 cell line The final concentration of 0–2.0 mg/mL in MTT assay and 
LC50 value 1.29 mg/mL.

[210]

Setipinna taty YALPAH (670.77 Da) PC-3 cell line Concentration ranges from 1 to 9 mg/mL in MTT assay 
and IC50 value 11.3 mg/mL or 16.9 μM.

[226]

Olive seed LLPSY (591.3268 Da) PC-3 cell line Concentrations of 0, 50, 75, 150, 300 and 500 μg/mL in 
MTT assay and IC50 value 86.1 ± 2.6 μg/mL.

[64]

Blood clam (Tegillarca 
granosa) muscle

WPP (398.44 Da) PC-3 and DU- 
145 cell lines

Final concentrations of 1.5, 2, 2.5, 3, 4, and 5 mg/mL in 
MTT assay and IC50 values 1.99 and 2.80 mg/mL in 
inhibition of two cell lines.

[209]

Anthopleura anjunae (AAP-H, YVPGP) (531.60 Da) DU-145 cell 
line

Final concentrations of 1.883, 5.650, 9.416, 13.183, 
16.949, or 20.716 mM in MTT assay and IC50 values 
9.605, 7.910, and 2.298 mM at 24, 48, and 72 h, 
respectively.

[227]

South American tree frog 
(Phyllomedusa bicolor) 
skin secretions

Dermaseptins B2 (33 residues, 
3180 Da) and B3 (28 residues, 
2780 Da)

PC-3 cell line Concentrations of 0, 0.25, 0.5, 1, 2.5, 5 and 7.5 μM and 
EC50 values about 2 μM for Drs B2 and 3 μM for Drs B3.

[33]

Spider toxin Lycosin-I DU-145 and 
PC-3 cell lines

Concentrations of 5, 10, and 20 μmol/L of peptide in MTT 
assay.

[228]

Honey bee venom Melittin (2840 Da) LNCaP, DU- 
145, and PC-3 
cell lines

Concentrations of 0.5, 1, and 2.5 μg/mL of peptide for 24, 
48, and 72 h in cell viability assay.

[127]

Red and brown 
Lens culinaris

Twenty-eight peptides have been 
sequenced from fractions with 
MW ≤ 3 kDa

PC3 cell line Concentrations of 0.5, 2.5, 5, and 7.5 mg/mL in MTT assay 
and IC50 value 0.96 mg/mL.

[222]
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peptides have been identified for the treatment of prostate cancer. TFD100 is a glycopeptide derived from Pacific cod that prevents the 
binding of β-galactoside–binding lectin (galectin-3) to the Thomsen-Friedenreich disaccharide (TFD) of the cancer cell surface. Since 
the interaction of gal3–TFD is involved in angiogenesis, metastasis, immunity attenuation, and overall tumor progression, blocking it 
has led to a decrease in prostate cancer development [124]. A tripeptide (QPK) purified from Sepia ink has inhibited the proliferation of 
three prostate cancer cell lines. This peptide, by increasing the expression of pro-apoptotic protein Bax and decreasing the 
anti-apoptotic protein Bcl-2 and simultaneous upregulation of caspase 3, has led to the induction of apoptosis as well as cell cycle arrest 
[125]. Melittin is a peptide with 26 amino acid residues found in bee venom, which, by accumulating in the plasma membrane or the 
membrane of organelles such as mitochondria, causes cell lysis and death [126]. In a study, Park et al. evaluated the ability of melittin 
to suppress the growth and proliferation of prostate cancer cells. The results obtained from in vitro and in vivo assays have shown that 
this peptide, by inactivating NF-kB as an important factor in reducing the death of cancer cells, has led to the induction of apoptosis and 
reduced tumor progression [127]. In addition, the antitumor effects of melittin in various other cancers have also been confirmed in 
several studies [128–130]. More examples of bioactive peptides identified against prostate cancer are shown in Table 4.

3.1.2.5. Antimelanoma bioactive peptides. Melanoma and non-melanoma are the main forms of skin cancer. Melanoma, despite being 
less common, is known as the most aggressive and deadly type of skin tumor [86]. This type of skin cancer is formed in the deepest cells 
of the epidermis layer called melanocytes, which are responsible for the production of skin pigments or melanin. The ability to invade 
nearby tissues and rapid metastasis is one of the threatening characteristics of melanoma, which reduces the survival rate in patients 
[131]. In addition to the conventional treatments of chemotherapy, radiation therapy, immunotherapy, and surgery, bioactive pep-
tides have also been studied for the treatment of melanoma, and favorable results have been obtained from them, which can help 
improve the treatment of patients [132]. An example of these studies is the identification of the peptide INKKI as an anticancer agent 
and suitable drug candidate for the treatment of melanoma. This peptide isolated from bovine β-casein has been used to evaluate the 
anti-proliferative and antitumor effects in vitro and in vivo. In this study, INKKI has led to toxicity in B16F10 melanoma cells and 
increased apoptosis, as well as decreased tumor volume and metastasis in mice treated with the peptide [133]. Pentadactylin is an 
antimicrobial peptide derived from the skin secretions of the Leptodactylus labyrinthicus. Examining the effect of this peptide on the 
melanoma cell line (B16F10) has shown its ability to cause toxicity and induce apoptosis in these cancer cells [134]. Moreover, the 
effect of Lunasin isolated from soybeans has also been evaluated on human melanoma cells, and it is known as an anticancer agent that 
targets this type of cancer [135]. Table 5 lists some of the bioactive peptides from different sources against melanoma.

3.1.3. Action mechanisms of bioactive peptides in cancer

3.1.3.1. Mechanisms related to plasma membrane disruption. Since the plasma membrane is an essential protective barrier for cell 
survival, its disruption leads to the induction of cell death and is one of the mechanisms of peptide-based drugs or anticancer peptides. 
The difference in the membrane of cancer and normal cells, including the presence of a large negative charge resulting from the 
exposure of anionic molecules such as phosphatidylserine (PS) on the surface of cancer cells compared to the neutral charge of the 

Table 5 
Bioactive peptides derived from different sources against melanoma.

Sources Bioactive Peptides/Protein 
Hydrolysates

Target cell line 
(s)

Peptide concentration in cell assays References

Bovine β-casein INKKI B16F10 cell line Concentrations of 20 μM–0.03 μM of 
peptide in MTT assay and IC50 1.7 μM.

[133]

Bovine lactoferricin LTX-315 (Nonamer) A375 cell line Concentration ranges from 2 to 180 μm/mL 
in MTT assay and IC50 value 30 μM after 5 
min.

[152]

Myxoma virus Myxoma virus protein analogue (RRM-MV, 18 
aa; MW 2.34 kDa)

MM96L cell line Treatment with concentrations of 
100–1600 ng/mL for 3 h or 25–800 ng/mL 
for 18 h in MTT assay.

[229]

Frog Leptodactylus 
labyrinthicus skin 
secretions

Pentadactylin (2541.29 Da) B16F10 cell line Concentration ranges from 0 to 128 μM in 
MTT assay and IC50 value 25.7 μM and IC75 

value 30 μM.

[134]

Soybean Lunasin (43 amino acids, 5.5 kDa) SKMEL-28 and 
A375 cell lines

Concentration range of 10–100 μM in MTS 
assay.

[135]

South American rattlesnake 
venom (Crotalus durissus 
terrificus)

Crotamine (4800 Da) B16F10 and SK- 
Mel-28 cell lines

Concentration of 1 and 5 μg/mL in MTT 
assay.

[230]

Snake Bungarus fasciatus 
venom

Cathelicidin-BF (BF-30, 3637.54 Da) B16F10 cell line Concentrations from 0 to 80 μM in MTT 
assay and IC50 of 7.3 μM.

[231]

Derivative of human 
lactoferricin

R-DIM-P-LF11-322 (2677.4 Da) A375 cell line IC50 of 9.5 ± 0.3 μM. [232]

Dwarf honey bee (Apis florea) 
venom

Melittin (~3 kDa) 
GIGAILKVLATGLPTLISWIKNKRKQG

A375 cell line Concentrations of 0–5 μg/mL in MTT assay 
and IC50 value of 3.38 ± 0.16 μg/mL.

[233]

Spider Lycosa vittata venom LVTX-9-C18 (2117.76 Da) B16F10 cell line IC50 value 8.5 ± 2.9 μM in serum- 
containing medium and 4.4 ± 0.2 μM in 
serum-free medium.

[234]
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membrane of non-cancerous cells, is a key factor for targeting by cationic peptides [136,137]. By adsorbing cationic peptides and 
binding to anionic compounds, the integrity and stability of the cell membrane are disrupted, followed by cell death. In contrast, the 
high cholesterol content of the membrane of normal cells is the limiting factor for their entry into the cell. In fact, the establishment of 
electrostatic peptide-lipid interaction is considered the initial and important step for membrane depolarization and, ultimately, cell 
death [138].

Membrane disruption by anticancer bioactive peptides usually occurs through three distinct modes, including barrel-stave, toroidal 
pore, and carpet models (Fig. 3) [139]. In the barrel-stave model, first, the peptides are attached to the membrane surface in a parallel 
and helical form. Then, these helical peptides penetrate vertically into the bilayer membrane and form a barrel-stave like channel with 
a diameter of 2–9 nm so that the polar groups of the peptides are placed towards the lumen of the pore and the non-polar groups are 
placed towards the lipid bilayers of the membrane. Indeed, in this model, helical peptides are used as the building staves of the barrel, 
and as a result, the transmembrane pore is created [140,141]. In the toroidal pore model, the insertion of peptides into the membrane 
leads to the bending of the lipids and the formation of a toroidal-shaped hole from the peptide and lipid mixture. In other words, 
peptides force the lipid monolayer to bend from top to bottom with the pressure they create so that a toroidal pore is formed from the 
connection of peptides and phospholipid head groups [142]. In the carpet model, peptides are extensively bound to the membrane by 
electrostatic interactions. This connection is such that the peptides spread parallel to the membrane plane, from the side of their 
hydrophobic groups, on the surface of the bilayer membrane, similar to a carpet. With the increase in the number of surface peptides 
and reaching a threshold in a surfactant-like action, the membrane is disintegrated, and micellization occurs [139,140].

In general, peptides use any of the mechanisms to exert their anticancer effects based on their characteristics and the properties of 
the desired membrane. Many antimicrobial peptides have been reported to destroy cancer cells by cell membrane lysis. For example, 
the peptide pardaxin derived from fish has shown that in the presence of phosphatidylcholine and phosphatidylglycerol of the 
membrane, it uses barrel-stave and carpet mechanisms, respectively, so it has been effective in killing HT-1080 human fibrosarcoma 
cells by disrupting the membrane [143,144]. Moreover, other antimicrobial and cationic peptides, such as Gomesin 
(QCRRLCYKQRCVTYCRGR) isolated from Brazilian tarantula Acanthoscurria gomesiana haemocytes and human cathelicidin LL-37 
(LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES), respectively, use the carpet and toroidal pore modes of action to destroy the 
membrane and kill cancer cells [145,146].

3.1.3.2. Mechanisms related to mitochondria. In the previous models, cell death occurred due to disruption of the cell membrane, but 
anticancer peptides can target the intrinsic pathway without disrupting the plasma membrane and induce cell death by destroying the 
mitochondrial membrane [147]. Therefore, familiarity with this pathway can help us better understand the function of bioactive 
peptides. Stimuli such as oncogenes, hypoxia, and damage to DNA induce the beginning of apoptosis through this pathway so that by 

Fig. 3. Schematic illustration of three recognized action mechanisms of anticancer peptides related to plasma membrane disruption. (A) Barrel- 
stave model: Peptides insert into the bilayer membrane in a perpendicular orientation and form transmembrane pores. (B) Tororial pore model: 
Penetration of peptides leads to bending of membrane lipids and formation of mixed pores of peptide and lipid. (C) Carpet model: The surface of the 
membrane is covered by a wide layer of peptides. Eventually, after membrane permeation and disintegration, micelles are formed.
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creating pores in the outer membrane of mitochondria, factors such as cytochrome c are released from mitochondria into the cytosol 
[148]. Proteins of Bcl-2 family members, which include two types of apoptosis inhibitors or anti-apoptotic, such as Bcl-2 and Bcl-X, and 
apoptosis inducers or pro-apoptotic, such as Bax and Bak, are responsible for regulating this pathway. The release of cytochrome c and 
its assembly in the cytosol together with apoptotic proteinase activating factor1 (Apaf-1), ATP, and pro-caspase 9 to form the pro-
teasome complex leads to the activation of a cascade of downstream caspases. Caspases, as a group of aspartate-specific cysteine 
proteases, play a significant role in both intrinsic and extrinsic pathways of apoptosis. Caspase 9 is the initiator caspase of the 
mitochondrial pathway that finally activates the executive caspase 3 to cause cell death through proteolysis of multiple cellular 
structures [149,150]. Valero et al. showed that Bax-derived poropeptide, which contains membrane-interacting and pore-forming 
regions, is able to act directly and independently of endogenous proteins to induce apoptosis by creating permeability in the mito-
chondrial outer membrane [151]. In a study, the oncolytic activity of peptide LTX-315 derived from bovine lactoferricin on A375 
human melanoma cells has been reported. This peptide has exerted its anticancer effects by disrupting both the plasma membrane and 
the mitochondria. Overall, the treatment of target cells with LTX-315 has shown the depolarization of the mitochondrial membrane, 
morphological changes in it, and the release of death associate molecular patterns, including cytochrome c, ATP, and HMGB1 from the 
damaged mitochondria and nucleus [152]. Another example of peptides that trigger apoptosis of cancer cells through mechanisms 
related to mitochondria can be referred to KLA peptide, (KLAKLAKKLAKLAK), which is a known antimicrobial cationic peptide [153]. 
The synergistic effect of KLA peptide and radiation as a combinational therapy has been indicated to increase the apoptosis of leukemia 
cell line [154].

3.1.3.3. Mechanisms related to p53 activity. p53, which is known as a tumor suppressor protein, is encoded by the TP53 gene. Under 
normal conditions, any stress and damage to the cell leads to the activation of p53 so that this protein, with its important role in various 
cellular processes, can repair genome damage, stop the cell cycle, and induce cell death [155]. Structurally, p53 is a tetrameric protein 
that contains four polypeptide chains, including N-terminal domain (NTD), DNA-binding domain (DBD), oligomerization domain 
(OD), and C-terminal domain (CTD) as regulator [156]. P53, as a key transcription factor, initiates pathways related to apoptosis so 
that by increasing the permeability of the mitochondrial outer membrane and releasing proteins such as cytochrome c, it activates 
caspase cascades, thus preventing tumor progression. However, in more than 50 % of different cancers, the mutation in p53 has been 
clearly observed, so in this situation, due to the lack of cell cycle arrest, the DNA defect is transmitted to the next generation through 
replication. Since the half-life of this protein is short, in healthy cells, it is degraded by proteasome after about 20 min [157]. One of the 
strategies of bioactive peptides to inhibit cancer is to prevent the proteolysis of p53 and increase its expression level in the cell. For 
example, peptide p28, derived from azurin by inhibiting the interaction between p53 and E3 ubiquitin-protein ligase, has led to an 
increase in its post-translational level in breast cancer and melanoma cells. The results of molecular dynamics simulation in this study 
showed that this peptide blocked the interaction of P53 with COP1 (constitutively photomorphogenic 1) via binding to the 
DNA-binding domain (DBD) [158]. Due to COP1 overexpression in various malignancies, silencing its function has been demonstrated 
to increase p53 levels, arrest the cell cycle, and thus reduce tumor growth [159]. Recently, He et al. have reported that the peptide 
fractions obtained from Sacha inchi (Plukenetia volubilis) have anti-hepatoma effects. The peptides identified in this research, including 
LLEPDVR, ALVEKAKAS, and TGDGSLRPY, have shown the best performance in inhibiting the proliferation of HepG2 cells by 
increasing the level of P53 and the pathway related to mitochondria and have been introduced as new agents in the treatment of liver 
cancer [160].

3.1.3.4. Mechanisms related to ion channels. Ion channels are a group of proteins in cell membranes and different organelles that 
selectively allow the entry and exit of certain ions. Various stimuli are able to open the aqueous pore in ion channels, based on which 
these channels are classified into two types: voltage-gated channels and ligand-gated channels [161]. These transmembrane proteins 
are effective in maintaining the homeostasis of the cell by the specialized passage of ions from one side of the membrane to the other, 
and by transmitting signals inside the cell, they are implicated in various physiological processes, including growth, proliferation, 
migration and cell death [162]. In cancer cells, there is abnormal expression or dysregulated function of ion channels, especially 
sodium, potassium, chloride, and calcium channels, which are involved in the hallmarks of cancer, such as continuous and uncon-
trolled proliferation, metastasis, and tumor invasion [163]. Therefore, blocking ion channels by therapeutic agents can have a sig-
nificant effect on preventing the development of cancer. Bioactive peptides are one of these agents that provide an avenue to confront 
cancer and have shown promising results to date. For example, a peptide called chlorotoxin is derived from scorpion venom, whose 
inhibitory effect on CLC-3 has been observed as a member of the voltage-gated Cl− channel family [164]. Since changes in cell volume 
are required for the proliferation process and ion channels such as chloride are responsible for regulating it, the inhibition of CLC-3 
channel function by peptide has led to the reduction of migration and invasion of glioma tumors [165]. In another study, Bowen 
et al. obtained two peptides, SOR-C13 (KEFLHPSKVDLPR) and SOR-C27 (EGKLSSNDTEGGLCKEFLHPSKVDLPR), from the carboxyl 
terminus of the longer peptide soricidin derived from the northern short-tailed shrew venom. In vivo experiments have shown that 
these peptides have positive effects in mice with prostate or ovarian tumors by blocking calcium channels of transient receptor po-
tential vanilloid 6 (TRPV6), which are highly expressed in a range of carcinomas [166].

4. Production methods of bioactive peptides

There are different methods to obtain biologically active peptides, including enzymatic hydrolysis, microbial fermentation, 
chemical synthesis, and recombinant DNA technology. Although each of these methods has its own advantages and disadvantages, the 
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first two are the most common methods used to access bioactive peptides (Fig. 4).

4.1. Enzymatic hydrolysis

Enzymatic hydrolysis can be performed by various enzymes, either individually or in combination. The simplest method is to use 
digestive enzymes such as pepsin, trypsin, and chymotrypsin. An advantage of using digestive enzymes is the possibility of oral 
administration of bioactive peptides due to simulating the human gastrointestinal tract [167]. For example, Capriotti et al. identified 
many bioactive peptides from soybean seeds and soy milk by gastrointestinal digestion simulation in vitro [168]. In addition, enzymatic 
hydrolysis can be carried out by proteolytic enzymes derived from plants, animals, and microorganisms at optimal temperature and 
pH. In a study, Chinese quince (Cydonia oblonga) seed protein has been hydrolyzed by papain enzyme, and finally, the potential of two 
peptides identified with the sequence of NYRRE and RHAKF has been evaluated in the field of skincare. The results have shown the 
better performance of RHAKF in antioxidant assays, tyrosinase inhibition, and copper chelation [169]. In general, the enzymatic 
hydrolysis method is desirable and used by researchers due to its repeatability, easy control of the hydrolysis process, short time, and 
low cost. The type of enzyme used, the ratio of enzyme to substrate, and the time of hydrolysis are among the important factors that 
affect the kind of final product [170]. The produced hydrolysates are then centrifuged to separate the bioactive peptides present in the 
supernatant from the undigested proteins in the precipitate. In the following steps, the processes of purification and structural 
characterization are carried out using different techniques.

4.2. Microbial fermentation

Another common method used to produce bioactive peptides is microbial fermentation, in which protein substrates are subjected to 
hydrolysis by the proteolytic system of microorganisms such as bacteria, yeast, and mold. The combined use of these microorganisms 
in the fermentation process can enhance proteolysis [171]. Lactobacillales or lactic acid bacteria (LAB) are probiotics that play an 
important role in the production of bioactive peptides, especially from food proteins. The proteolytic system in these bacteria consists 
of a complex of proteins attached to the cell wall, transporters, and intracellular peptidases, which are respectively involved in the 
initial breakdown of high molecular weight proteins into oligopeptides, their transfer to the cytoplasm and the completion of the 
hydrolysis process and ultimately the production of peptides with low molecular weight and free amino acids [172]. In general, the 
type of strain selected in fermentation is considered a key point because the difference in the proteolytic system of microorganisms 

Fig. 4. Schematic diagram of the isolation, purification, and identification of bioactive peptides from protein sources. RP-HPLC: reversed-phase 
high-performance liquid chromatography, FPLC: fast protein liquid chromatography, FAB-MS: fast atom bombardment mass spectrometry, ESI-MS: 
electrospray ionization mass spectrometry, MALDI-TOF-MS: matrix-assisted laser desorption/ionization time-of-flight mass spectrometry.
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leads to the production of peptides with different biological functions [173]. The production of bioactive peptides from milk and other 
dairy products by fermentation is one of the common strategies. Kefir is fermented milk whose cauliflower-like grains are formed from 
the symbiosis of yeasts and lactic acid bacteria and is prepared by adding these grains to raw milk. The therapeutic potential of kefir, 
including its anticancer effect, has been confirmed in various cancers such as breast, leukemia, gastric, skin, and colon [174]. In 
another study, using the combined methods of enzymatic hydrolysis and fermentation, Wang et al. identified an anticancer tripeptide 
with the sequence Trp-Thr-Pro from rapeseed (Brassica campestris L.), which by increasing the expression of p53 and Bax proteins and 
decreasing the expression of Bcl-2, has led to the induction of apoptosis and inhibition of the proliferation of human liver cancer cell 
line (HepG2) [175].

4.3. Chemical synthesis

Chemical synthesis is another widely used method for producing bioactive peptides, carried out in two major protocols: solid-phase 
peptide synthesis (SPPS) and solution-phase synthesis (SPS). Solution phase synthesis is an old method that was first invented in 1953, 
ten years before the solid phase, to produce insulin peptides [176]. The basis of the SPS method is the pairing of individual amino acids 
in a solution medium; further, combinatorial condensation is used to synthesize long peptide chains. One of the most important ad-
vantages of this method is the low cost of materials and equipment. Also, it is possible to purify the produced products at each stage of 
the synthesis and obtain a large number of high-quality peptides. However, the long reaction time and production of intermediates and 
chemical waste are important limitations of this method [177]. Solid-phase synthesis was first reported in 1963 by Robert Bruce 
Merrifield [178]. The technique used in this method is that initially, the side chains groups and N-terminal of the first amino acid are 
covered by protective groups in order to prevent the occurrence of additional reactions and deviation from the main path. Then, the 
amino acid is attached from the C-terminal to the resin substrate, which acts as an anchor, and immediately after the connection, the 
step of deprotection from the amine end and washing of unwanted materials is done so that by adding the second amino acid, the 
conditions for the coupling of the two amino acids with each other are provided. After the amino acids are joined together, another 
wash is performed to introduce the resin-peptide into the next cycle. This cycle is repeated until, finally, the peptide with the desired 
sequence is produced and separated from the resin [179,180]. 9-fluorenylmethyloxycarbonyl (FMOC) and t-butyloxycarbonyl (BOC) 
are two of the main amino protective groups. Nowadays, the use of FMOC in solid-phase synthesis has become one of the most widely 
used strategies for the chemical production of many drugs and peptides due to its easy removal by piperidine and more efficient 
peptides [181]. Compared to the solution phase synthesis, the SPPS method is simpler and faster, but the cost of equipment, resin, and 
reagents is higher.

4.4. Recombinant productions

Recombinant DNA technology, which is also known as genetic engineering and gene-splicing technology, is a cost-effective method 
that is capable of mass and large-scale production of peptides, especially with long chains. In this method, modern techniques of 
cloning and gene expression are used to produce one or more recombinant peptides. The main process is that a foreign gene (the gene 
encoding the desired peptide) is inserted into a vector to be copied, transcribed, and translated in a suitable expression system [182]. 
The expression systems of bioactive peptides include prokaryotic and eukaryotic expression systems, which, due to the advantages of 
using prokaryotic cells, is one of the most common systems for producing recombinant proteins/peptides, Escherichia coli bacteria 
(E. coli). E. coli expression system is generally enhanced with fusion proteins and tandem genes to raise the expression level of bioactive 
peptides [183]. Antimicrobial peptides produced by this method are usually expressed as fusion proteins due to their sensitivity to 
proteases. Anticancer fusion peptide (ACFP) derived from milk proteins has been prepared through genetic engineering so that it has 
been expressed using recombinant plasmid pGEX-KG-ACFP in E. coli, and after purification, its anticancer effect has been observed on 
SKOV3 human ovarian cancer cell line [184]. Despite the existing limitations and costs, many pharmaceutical peptides are produced 
through the last two methods individually or in combination [10].

After the proteolysis process, the supernatant containing low molecular weight peptides is recovered, and various chromatography 
and ultrafiltration techniques are used for fractionation and purification. Finally, the amino acid sequence can be identified by mass 
spectrometry to investigate the biological functions of the resulting peptides [185].

5. Safety of bioactive peptides

When bioactive compounds such as proteins and peptides are introduced as functional foods and nutraceuticals to exert beneficial 
effects on health, validation of the health claims attributed to them is considered an essential prerequisite. This means that the adverse 
consequences that a compound may have when consumed are investigated and eliminated before adding to food or medicine, so a 
comprehensive safety evaluation of the product is needed to avoid possible risks to human health before being made available to the 
public [186]. Disturbance in the intestinal wall, toxicity of erythrocytes and lymphocytes, production of free radicals, enzymopathic 
and immunopathic tissue damage, and cytotoxicity are among the main disadvantages of using peptides in the biological system [187]. 
For example, celiac disease, which is a genetic autoimmune disorder, is caused by the toxicity of peptides. The consumption of gluten 
protein (found in foods such as wheat, barley, and rye), followed by disruption of the intestinal walls, is the main cause of this disease 
[188]. Non-toxic adverse reactions such as allergies are another category of adverse reactions to foods that are mediated immuno-
logically. All compounds that cause allergenicity of foods are protein in nature. Peptide fragments as their breakdown products may 
retain the allergenic moiety and still act as an allergen. Moreover, the effective dose for the administration of bioactive peptides is 
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considered an important factor in order to achieve efficacy without adverse effects. Otherwise, their intake in higher doses and 
long-term can lead to undesirable consequences for the consumer. In general, it is necessary to ensure the level of toxicity and 
immunogenicity of a peptide in the early stages prior to the formulation of functional foods and therapeutic purposes [189]. Since it is a 
costly process, the use of computational approaches is an efficient solution. The in silico techniques can also be used to evaluate the 
different physicochemical properties of peptides. Integration of new emerging techniques including metabolomics, proteomics, and 
peptidomics with conventional methods can contribute to identifying biologically active peptides. Bioinformatics, chemometrics tools, 
and proteomic/peptidomic methods are the approaches applied in many studies of bioactive peptides. These tools provide the 
characterization of proteins/peptides and assess their functional, nutritional, and biological relevance, conformation, composition, 
and interactions to optimize their production and find desired bioactive peptides [190,191].

6. Bioaccessibility and bioavailability of bioactive peptides

Despite the many well-known benefits of bioactive peptides in health, their use in functional foods and nutraceutical supplements is 
challenging. Although these peptides exert bioactive functions in vitro, the situation may differ in vivo. Various factors affect the 
physiological efficiency of bioactive peptides, the most important of which is bioavailability. Initially, bioactive peptides must be 
released in the gastrointestinal (GI) tract from the food matrix or other vehicles and become accessible in an intact form for absorption, 
so the process of bioaccessibility is prior to bioavailability. However, bioavailability refers to the amount of absorbed peptides in the 
target tissues after distribution to apply bioactive effects. The main site of the GI tract for peptide absorption is the small intestine [192,
193]. Since the structural characteristics of bioactive peptides are effective in presenting their physiological activities, it is critical that 
the peptides reach the target site while their structure remains intact [72]. Digestion by peptidases and proteases of the GI tract and 
possible interaction with its compounds, such as mucin, as well as interaction with food matrix compounds, are important factors 
affecting the bioaccessibility and bioavailability of bioactive peptides. The most important challenge in this field is that many bioactive 
peptides are not able to withstand undesirable conditions when passing through the GI tract, so they are subjected to degradation by 
proteolytic enzymes and lose their structure and, finally, their function. Digestive proteases and peptidases in the GI tract include 
pepsin, trypsin and chymotrypsin, pancreatic elastase, carboxypeptidases, aminopeptidase, dipeptidases which are located in the 
stomach, intestinal lumen and brush border, and have a wide range of cleavage sites [193,194]. It has been observed that the presence 
of proline and its derivatives, such as hydroxyproline, in the peptide sequence could result in their resistance to proteases [195]. For 
example, the presence of four proline residues in the peptide GPAGPPGPIGNV obtained from Yak (Bos grunniens) bones collagen 
probably plays an important role in enhancing its biostability [196]. In addition to sequence, smaller peptides are more resistant to 
proteolytic enzymes due to less recognition and cleavage sites. Generally, peptides with lower molecular weight are more accessible to 
their molecular targets. However, in some cases, enzymatic degradation can be beneficial by releasing latent peptides and exhibiting 
new bioactivity or even be ineffective [197]. In addition, structural and functional changes that occur due to undesirable reactions 
between peptides and food matrix compounds during food processing could affect the digestibility, bioaccessibility, and bioavailability 
of bioactive peptides. Besides the nutritional compositions of the food matrix, various physical forms of consumed food, such as liquid, 
gel, solid, etc., are also influential in this issue. Therefore, minimizing adverse peptide-food matrix reactions and increasing favorable 
reactions is one of the required approaches to achieve high bioavailability and bioactivity. Using a suitable food vehicle with less 
chemical reactivity is a potential strategy for this goal [198,199]. On the other hand, the interaction between bioactive peptides and 
intestinal mucin can have a negative impact on their passage across mucin and cause a decrease in bioaccessibility. The positive charge 
and the length of the peptide chain are two leading factors in the interaction with the mucin because the electrostatic interaction 
between the cationic peptides with the negative charge of mucin, the steric hindrance created by the mucin network for long peptides 
and various other interactions lead to a decrease in the penetration and absorption of bioactive peptides [200].

Investigation of the transfer mechanisms of bioactive peptides has been done by researchers in order to identify solutions to 
improve bioavailability. Accordingly, bioactive peptides use four routes, including PepT1 carrier-mediated permeation, passive par-
acellular transport, transcytosis, and passive transcellular diffusion, to transfer from the intestinal lumen and pass across the 
epithelium cell to the blood circulation. PepT1, which is mainly located in the intestinal brush-border membrane, belongs to the H +
-dependent carrier family. This carrier, which has a high capacity and low affinity, by using the proton electrochemical gradient 
between the intestinal lumen and epithelial cells and maintaining this gradient through the H+/Na + exchanger, leads to the transfer 
of some bioactive peptides to the enterocytes. Short chain length (dipeptides and tripeptides), neutral charge, and hydrophobicity of 
bioactive peptides are important features for binding and PepT1-mediated active transport [201]. PepT2, as another peptide trans-
porter, plays a major role in transporting bioactive peptides to various organs, including the kidney, liver, lung, heart, mammary gland, 
and brain [202]. In the paracellular pathway, the presence of intestinal tight junctions forms a barrier with selective permeation that 
allows energy-independent passive diffusion of oligopeptides. Usually, this pathway tends to transfer peptides with low molecular 
weight, hydrophilic and negatively charged [203]. On the other hand, transcytosis is an energy-dependent transcellular transport route 
that enables the transfer of long-chain (≥ four residues) and hydrophobic bioactive peptides. In fact, the hydrophobicity of peptides 
helps their uptake during this process because they are internalized into cells after the establishment of hydrophobic interaction with 
the apical lipid membrane of intestinal epithelium [201]. Finally, passive transcellular diffusion is the last route of absorption of 
bioactive peptides into cells, which includes passive uptake into cells, intracellular transport, and basolateral secretion. In this 
pathway, also some characteristics of peptides, such as size, charge, and hydrophobicity, are effective in their transfer. It should be 
noted that due to the lack of identification of transport mediators in this pathway, it is impossible to quantify the transport of peptides 
through simple passive transcellular diffusion [192,204].

Therefore, understanding these factors and the transfer mechanisms of bioactive peptides helps to design efficient strategies for 
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enhancing bioavailability and preserving their bioactivities in vivo. For this purpose, we propose the following strategies, which hold 
great promise in this field. 

1) Achieving bioactive peptides with high biostability by modifying the peptide structure or sequence (chemical or genetic), creating 
disulfide bridges, and cyclizing the peptide to apply conformational restrictions can lead to the unavailability of the cleavage sites 
for proteolytic enzymes [205]. It is important to note that these modifications should occur within the cleavage sites and with no 
changes in their bioactive properties. In addition, computational tools can be useful for investigating biostability, which is cost and 
time-effective. 2) Using suitable food matrices to deliver bioactive peptides to reduce adverse reactions and maintain the native 
structure of the peptides. Fiber-rich foods are recommended as an appropriate vehicle due to their limited reactivity [206]. 3) Using 
non-thermal food processing techniques such as pulsed electric field, ultrasound, ultrahigh hydrostatic pressure, and cold plasma to 
reduce unwanted reactions and prevent damage to the structure of bioactive peptides. 4) Encapsulation of bioactive peptides into 
nanosized colloidal delivery systems such as liposomes, biopolymer microgels, emulsions, and solid lipid nanoparticles to reduce 
the reaction with the food matrix, protect against harmful conditions of the GI tract and targeted release of bioactive peptides 
[207]. 5) Using penetration enhancers such as fatty acids, chitosan, and citric acid can help improve the bioavailability of bioactive 
peptides by facilitating the opening of tight junctions, growing membrane fluidity, and reducing mucus viscosity [208].

7. Conclusions and future perspectives

Bioactive peptides have drawn the interest of researchers due to their many physiological functions, which illustrate their potential 
for use in the pharmaceutical and food industries. These biomolecules can interact with diverse molecular targets and show effective 
therapeutic properties in health-related disorders, including cancer. This review provides an overview of bioactive peptides derived 
from various sources with anticancer properties to offer a valuable approach to improving human health. However, problems such as 
large-scale production, low biological stability due to passing through the gastrointestinal tract, interaction with the food matrix, and 
generally low bioavailability in the body make their use challenging and should be addressed. Therefore, we recommend that future 
research consider the strategies presented in this paper during the design of bioactive peptides to overcome the existing limitations. In 
addition, the anticancer activities of bioactive peptides have been shown mainly in cells and animal models. Hence, more clinical trials 
are required to evaluate safety, biostability, and bioavailability before exploitation for human consumption. On the other hand, despite 
extensive studies related to the identification of anticancer bioactive peptides, many natural sources still contain undiscovered and 
unknown compounds. The marine resources that comprise most of the earth are at the top of the candidate list that need further 
research. Recent advances in bioactive peptide technologies, such as their transformation strategies from waste to value-added in-
gredients and nanotechnology to encapsulate peptides in nanoparticles for controlled delivery and release, have a promising future in 
reducing production costs, scalability, and efficient production of bioactive peptides. As a result, the continuous exploration of 
anticancer bioactive peptides and the development of strategies to enhance their effectiveness can be a cost-effective alternative with 
limited side effects for high-risk chemotherapy drugs. Thanks to the advances made in the field of new therapeutic methods, cancer 
treatment is expected to become a manageable issue with limited complications.
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