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Abstract
Food proteins are a source of nutraceutical and bioactive
peptides that promote health and prevent diseases. Legume seed proteins have been widely studied to produce
peptides (protein fragments) with a diversity of biological
activities. Generally, these Bioactive Peptides (BPs) are
encrypted in proteins but can be released by modifications
or cleavage from original protein by means of enzymes
during gastrointestinal transit or processes as fermentation, germination, heating and pressure. Storage proteins,
lectins and protease inhibitors have been reported to be
sources of BPs. These peptides are capable of generating
a physiological effect against cancer cells and can induce
cell death by different mechanisms like apoptosis, affecting
the tubulin-microtubule equilibrium and inhibiting angiogenesis. Finally, anticancer therapy based on legume-derived
peptides could play a significant role in the pharmaceutical
and nutraceutical industry due to the benefits as functional
ingredients which improve the life quality of patients or reduce the risk of cancer.
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Introduction
The number of new cases of cancer is expected to
rise by about 70% over the next two decades. This disease is the second leading cause of death worldwide
and it was responsible for 8.8 million deaths in 2015.
The main types of diagnosed cancers are: pulmonary,
gastric, hepatic, colorectal, breast and cervical [1,2].
Nowadays, it is well known that nutrition and health
are closely related and there is evidence regarding
the ability of foods and their components to reduce
disease risks or enhance the overall quality of life [3].

Legumes or Fabaceae family are a good source of bioactive compounds as proteins. The major storage proteins of legume seeds are oligomeric globulins: 7S and
11S protein fractions. The 7S fraction forms trimmers of
about 150 kDa, which are stabilized by hydrophobic interactions, electrostatic and hydrogen bonds; while 11S
proteins are hexamers of about 450 kDa. Acidic and basic chains are associated by disulfide bridges [4]. Some
bioinformatics tools can provide information with anticancer sequences from legumes. Also, biotechnological processes as fermentation, germination, extrusion
and ultra-high pressure can generate bioactive peptides
with a wide range of physiological effects as anticancer
properties.

Food proteins and bioactive peptides
Food proteins are one of the macromolecules that
have been most widely studied as a source of Bioactive Peptides (BPs) [5]. BPs are amino acid sequences
released from parent proteins via cleavage or modifications in the original protein and are involved in several body functions [6,7]. BPs may be liberated from
food proteins throughout the intestine and can display
bioactivity in the small and large bowel. However, given that most food proteins are degraded during their
transit through the small intestine, and since microbial
activity predominantly occurs in the large intestine, the
release by microbial enzymes during digestion is conferred to proteins reaching this site of the intestine [8].
The size of BPs generally ranges between 2 and 20
amino acid residues [5]. These fragments of protein
have shown a diversity of biological activities such as
antioxidant, anti-inflammatory, anti-hypertensive, anti

Citation: González-Montoya M, Cano-Sampedro E, Mora-Escobedo R (2017) Bioactive Peptides from Legumes as Anticancer Therapeutic Agents. Int J Cancer Clin Res 4:081. doi.org/10.23937/2378-3419/1410081
Received: March 25, 2017; Accepted: July 17, 2017; Published: July 19, 2017
Copyright: © 2017 González-Montoya M, et al. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

González-Montoya et al. Int J Cancer Clin Res 2017, 4:081

• Page 1 of 10 •

DOI: 10.23937/2378-3419/1410081

ISSN: 2378-3419

Figure 1: Bioactive peptide production from legume sources as anticancer agents.

proliferative, anticancer, anti-coagulant, anti-cholesterolemic, hypoglycemic, anti-obesity, calcium-binding, and immunomodulatory. Recent studies have described a large
number of BPs with nutraceutical and pharmaceutical value, which are obtained from several sources divided mainly into two groups: animal (milk, marine organism, meat,
etc.) and vegetable (cereals, seeds, legumes, etc) proteins.
Currently, BPs or protein hydrolysates can be commercialized as nutraceutical products or functional ingredients [6].

Bioactive peptides production
BPs are released from their encrypted protein by enzymes during gastrointestinal transit, by fermentation,
thermal processing or additional treatments (Figure 1).
Some of the most common ways to obtain BPs from legume sources avoiding the use of only high-temperature treatments are described in this review.
In silico analysis: In silico analysis, can helps to predict a wide range of parameters to obtain BPs and evaluate the biological activities. BIOPEP is a Bioactive Peptide sequence database integrated with a program that
allows classifying food proteins as potential sources of
BPs. This database also contains profiles of biologically
González-Montoya et al. Int J Cancer Clin Res 2017, 4:081

active protein fragments. The quantitative descriptors
obtained might have a potential for application of the
biological activity of proteins as potential BPs precursors. Such potential may be as follows: prediction of
bonds susceptible to hydrolysis by endopeptidases and
specific sites susceptible to proteolytic cleavage in protein chains, secondary structure prediction and physicochemical characteristics based on amino acid sequence
[9]. A legume-specific protein database (LegProt) has
also been created. It contains sequences from seven
legume species, such as Glycine max, Lotus japonicus,
Medicago sativa, Medicago truncatula, Lupinusalbus,
Phaseolus vulgaris, and Pisum sativum. The database
consists of amino acid sequences translated from predicted gene models and 6-frame translations of tentative consensus sequences assembled from expressed
sequence tags. This was probed using mass spectral
data for protein identification and identification success
rates were compared to the NCBI database [10].
Enzymatic hydrolysis: Partial hydrolysis of protein
structure using protease work at moderate pH and temperature conditions (pH 5-9; 40-60 °C) may contribute
to the development of new peptide fractions with nu• Page 2 of 10 •
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tritional or functional characteristics [11]. To assess if
BPs are produced naturally during gastrointestinal digestion, in vitro digestions are commonly carried out
with proteases (pepsin, trypsin, chymotrypsin, and
pancreatin). Researchers have also performed enzymatic hydrolysis with microbial or plant enzymes, such as
alcalase, flavourzyme, papain and bromelain, to obtain
bioactive sequences [6,11-15].
Fermentation: Solid and liquid fermentations are current processing techniques used to preserve and enhance
the nutritional quality and health-promoting properties of
legumes. The type of microorganism involved plays a key
role during the process. Bacillus subtilis has been used in
the manufacturing of soybean fermented products. Lactic
acid bacteria have also been traditionally used in legume
fermentation since they are naturally present in legume
grains. The lactic acid fermentation of legumes with Lactobacillus can enhance the production of bioactive compounds, providing health benefits beyond basic nutrition
[16]. Fermentation can also result in the reduction of
anti-nutritional components such as protease inhibitors,
phytic acid, urease, and oxalic acids [14].
Germination: Germination has been used as a natural hydrolytic process that is generated by intrinsic enzymes. The amount and composition of nutrients in food
legumes are influenced by the germination process depending on soak time, humidity, temperature and time
as well as cultivars [17]. This process generates changes
in the secondary metabolite distribution and mobilizes
the reserve proteins stored in the cotyledon protein
bodies, producing intermediate molecular weight peptides. Mora-Escobedo, et al. [15] showed that germination can improve the anti-proliferative effect of soybean
protein on HeLa and C-33 cervical cancer cells. Peptides
generated during germination can alter cell signaling
pathways and cause apoptosis. Histologic examination
of tumor tissues of nude mice implanted with HeLa cells
showed that the consumption of soy products increases
both apoptotic and necrotic death [18].
Food processing: Food protein processing by both
extrusion and Ultra-High Pressure (UHP) is widely used
to obtain legume seed products. Extrusion is a high-temperature-short-time food processing that has been used
to get pre-cooked flours with high nutritional value and
increase some biological activities [19]. UHP processing
is a non-thermal process in which foods are subjected to
high isostatic pressures (100-1000 MPa) at room temperature. It can affect protein conformation and lead
to denaturation, aggregation or gelation, depending
on the protein system, applied pressure, temperature,
and time of treatment. Low pressures usually induce
reversible changes, as dissociation of protein-protein
complexes and conformational changes. These changes
can generate protein or peptide sequences with biological effects [20]. However, food processing should be
done in a controlled manner because sometimes it can
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significantly modify amino acid side chains. These modifications also have important implications and might
influence cancer cells via RAGE (receptors for advanced
glycation end products) and other receptors [21]. Advanced Glycation End Products (AGEs) are reactive metabolites produced during the breakdown of sugar and
amino acids through the Maillard reaction. AGEs can
be accumulated in tissues and organs over time and
contribute to the development and complications of
chronic diseases as cancer [22]. The presence of AGEs in
human tumors was first demonstrated in larynx, breast
and colon tumors. The exogenous AGE treatment of
breast and immortalized prostate cancer cell lines promotes cell growth, migration and invasion. Dietary-derived AGE carboxymethyl-lysine has also been associated with increased risk of pancreatic cancer. AGEs levels
were significantly elevated in both serum and tumor
with the highest accumulation occurring in more aggressive tumors [23].

Legume Proteins as Source of Anticancer Peptides
Fabaceae or Leguminosae family are commonly named
legumes; in this review article, the term “legumes” is used
to describe the seeds of these plants. Nutritionally, legumes are important source of food proteins, which are
deficient in sulfured amino acids and tryptophan, but
possess high amounts of lysine, arginine, glutamic and
aspartic acid, as compared with cereals grains [6]. The
main fraction of proteins in legume seeds are storage
proteins, which are classified by solubility in albumins,
globulins, prolamins, and glutelins. Albumins represent
10%-20% of legume proteins [24], while globulins represent 70% of the total amount of proteins in legumes.
This fraction is soluble in saline solutions specially legumin (7S and 11S) and vicilin [25]. The anticancer effects
of legumes have been extensively explored and studies
have described that a higher intake of legumes significantly reduced the risk of colorectal adenoma [26,27].
Researchers have also described the low glucose index
of legumes, which leads to a reduced risk of developing
chronic diseases as diabetes, cardiovascular diseases
and cancer. Legumes show a wide range of bioactive
compounds, such as isoflavones, saponins, lectins and
others. However, we have focused this review on proteins as well as bioactive peptides derived from them. A
list of some BPs obtained from legume proteins, which
have been reported to have a potent anticancer activity,
are shown in Table 1.

Soybeans
Soybean (Glycine max) is a functional food due to
its high protein content, fat composition, and isoflavones, thus having beneficial physiological effects to
human health. Nowadays, there is an increasing interest in incorporating soybeans or soy proteins like functional ingredients in foods [28]. Dietary proteins from
soybeans have been shown to offer health benefits in
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Table 1: Anticancer peptides from legume sources and action mechanisms proposed.
Legume
source
Soybean
(Glycine max)

Peptide name or sequence
IBB1 and IBB2 (BowmanBirk isoinhibitors)

Soybean

Lunasin

Soybean

Lunasin

Soybean

ASKWQHQQDS
CRKQLQGVNL
TPCEKHIMEK
IQGRGDDDDD

Soybean
Common bean
(Phaseolus
vulgaris) Legumi
Secchi cultivar
Common
bean Azufrado
Higuera and
Bayo Madero
cultivars
Common beans
Extra long
Autumn Purple
Bean cultivar
Chickpea (Cicer
arietinum)

In vitro/in
Doses tested/
Anticancer action mechanism
vivo models
IC50
HT-29
39.9 µM and
Inhibition of serine proteases and
48.3 µM
cells becoming blocked in the G0G1 phase.
C3H10T1⁄2 2 µM
Inhibits chemical carcinogeninduced transformation and
selectively induces apoptosis in
transfected cells but not in nontransformed cells.
SENCAR
250 µg/week
Reduces skin tumor incidence
by 70%, decreases tumor yield/
mouse, and delays the appearance
of tumors by 2 weeks relative to the
positive control.
Raw 264.7 10-50 µM
Inhibition of pro-inflammatory
markers (IL-6, IL-1β, NF-kB,
COX-2, iNOs, etc.) and aberrant
inflammation is associated with the
development of chronic diseases
such as cancer.

5 kDa Lunasin-like peptide
X-Met-Leu-Pro-Ser-Tye-Ser- P388D1
Pro-Tyr
ANDISFNFVRFNETNLILGG MCF-7

0.16 mg/ml and
1 mg/ml
0.2 μM

GLTSK, LSGNK, GEGSGA, HCT-116
MPACGSS, MTEEY

0.53 mg/ml and
0.51 mg/ml

ANEIYFSFQRFNETNLILQR CNE-1,
CNE-2 and
HNE-2 MCF7 HepG2
ARQSHFANAQP
MCF-7
and MDAMB-231

725 μM, 735 μM, Inhibit the proliferation of human
396 μM, 741 μM tumor cells by inducing the
and 83 μM
production of apoptotic bodies and
nitric oxide.
2.38 μM and
The peptide effectively inhibited the
1.50 μM
proliferation of breast cancer cells
increasing the level of p53 trough
binding prediction with molecular
docking.
31 μM
Reduction in the viability assay on
cancer cells.
30 μM
Induce nuclear morphological
changes of cells and the reduction
of viable cells and increased
chromatin condensation and 60% of
cells underwent apoptosis.
19 μM
Inhibit cell proliferation of colon
cancer cells in a dose-dependent
manner related to their intrinsic
abilities to inhibit serine proteases.

Pea (Pisum
sativum)
Fava Bean
(Vicia faba)

TI1B (Bowman-Birk
HT-29
isoinhibitor)
VFTI-G1 (Bowman-Birk type HepG2
trypsin inhibitor)

Lentil (Lens
culinaris)

(Bowman-Birk isoinhibitors) HT-29

vivo and in vitro either as intact proteins or in partially
digested forms. The oral administration and absorption
of soy-derived BPs induce antioxidant, anti-microbial,
anti-hypertensive, anticancer, and immunomodulatory
effects [28,29]. For this reason, there is a great interest
in the therapeutic potential of soy protein hydrolysates
and their subsequent incorporation to functional foods
[30]. Robles-Ramírez, et al. [18] evaluated the effect of
germinated soy protein on the growth of HeLa cervical
cancer cells in female athymic mice. They observed that
González-Montoya et al. Int J Cancer Clin Res 2017, 4:081

Reference
[41]
[32]

[32]

[61]

Cytotoxicity and cell cycle arresting [62]
at G2/M phase.
Cell cycle arrest in G2/M phase,
[63]
phosphatidylserine externalization
and mitochondrial membrane
depolarization.
Both cultivars increased significantly [33]
the expression of p53 in HCT116 by
76% and 68%.
[64]

[65]

[41]
[43]

[46]

tumor volumes were reduced by 44.6% with the protein
of non-germinated soybean and 98.9% with the protein
of two-day germinated soybean after a five-week treatment. González-Montoya, et al. [31] evaluated the antioxidant and anti-proliferative effects of three peptide
fractions of germinated soybeans on breast and cervical
cancer cell lines. The highest effect was obtained with
HeLa, Caski, and MDA-MB-231 cancer cells. Apoptotic
indices for all cancer cells lines showed above 50% of
apoptotic cell after 8 h of exposure.
• Page 4 of 10 •
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Lunasin (43 amino acid residues), a leader anticancer peptide isolated from soybeans and others legumes,
contains nine asparagine (D) residues and the Arginine-Glycine-Asparticacid (RGD) cell adhesion motif at
its carboxyl end. This peptide inhibits chemical carcinogen-induced transformation of murine fibroblast cells
in to cancerous foci. Lunasin induces selective apoptosis, mostly in cells undergoing transformation, by preventing histone acetylation. It also induces apoptosis in
E1A-transfected cells, but not in non-transformed cells
[32]. Lunasin can be internalized by RGD cell adhesion
motif and it preferentially binds to deacetylate histone
H4 in vitro while it inhibits histone H3 and H4 acetylation in vivo in presence of a histone deacetylase inhibitor [32].

Common beans
Common bean (Phaseolus vulgaris) consumption is
part of the traditional diet in many countries around the
world. They are an excellent source of proteins (20-25%)
since they are constituted mainly of globulins, albumins
and glutelins [12]. Luna, et al. [33] found that two cultivars (Azufrado-Higuera and Bayo-Madero) increase the
expression of p53 in HCT-116 human colorectal cancer
cells, leading to modifications of markers associated
with cell cycle arrest or apoptosis. The research group
characterized some peptide sequences of protein hydrolysates, which may be responsible for the anticancer effect. Fang, et al. [34] reported that a dimeric lectin from Phaseolus vulgaris cv. blue tiger king exhibits
selective toxicity to human hepatoma HepG2 cells and
lacks significant toxicity on normal liver WRL68 cells
thus they consider this lectin as a candidate for cancer
treatment. Additionally, Sun, et al. [35] demonstrated
the anti-proliferative activity of trypsin inhibitors from
P. vulgaris cv. withe cloud bean against human leukemia L1210 cells.

Chikpeas
Chickpea (Cicer arietinum) is the third most important pulse crop worldwide based on total production.
There are two main chickpea cultivars grown around
the world: Desi and Kabuli [36]. Magee, et al. [37] described that chickpea and other plant-derived protease
inhibitors can reduce breast and prostate cancer cell
proliferation in vitro. Kumar, et al. [38] evaluated the
cytotoxic activity of C-25 protein from Cicer arietinum
on KB oral cancer cell line. The protein reduced cell proliferation at IC50 of 37.5 µg/ml with no toxic effect on
normal human peripheral blood mononuclear cells.

Peas
Pea (Pisum sativum) constitutes approximately 25
million hectares of grain production worldwide [39].
Pea seeds contain about 22-23% proteins. Around 80%
of pea proteins are globulins and albumins: albumins
represent 18-25% and globulins 55-65% of total pro-
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teins [40]. A diet high in dry pea has been demonstrated
to be effective in lowering the incidence of colon cancer,
type-2 diabetes, LDL-cholesterol and heart disease [36].
Clemente, et al. [41] described the anti-proliferative effect of the Bowman-Birk Inhibitor (BBI) isoform of pea
(TI1B) on HT-29 colon cancer cells, which is mediated
through proteases inhibition.

Faba
Faba beans (Vicia faba) are among the most ancient
plants in pulse crops [42]. Faba proteins mainly consist
of globulins and represent 24-32% of the faba bean
weight. Leon-Espinosa, et al. [13] demonstrated the hypocholesterolemic and anti-carcinogenic effect of fava
bean protein hydrolysates in a colon cancer mice model. Other faba proteins as favin, a Bowman-Birk type
trypsin inhibitor (VFT1-G1), and other peptidic protease
inhibitors, have been described to possess anti-proliferative activity toward HepG2 hepatoma cells by inducing
chromatin condensation and cell apoptosis [43,44].

Lentils
Lentil (Lens culinaris) is among the oldest pulse crops
by humans and has a steadily increasing global consumption. The annual production of lentils increased from 4 to
5 million tons between 2009 and 2010 [45]. Four isoforms
of BBI have previously been isolated from lentil seeds. Caccialupi, et al. [46] reported that lentil BBI showed anti-proliferative properties in human colon cancer cells.

Lupins
The seed or grains of domesticated Lupinus species
is generically called lupin and has very good nutritional
properties, with one of the highest protein levels among
legumes and an excellent amino acid profile [47]. Lupins
are widely used in animal feeding and as a food ingredient
[48]. Millán, et al. [49] showed the effect of two different
Lupine Protein Hydrolysates (LPHs) in a THP-1-derived macrophage inflamation model. Inflammation can contribute
to several acute and chronic diseases such as cancer. The
LPHs were obtained by enzymatic hydrolysis using Izyme
AL and Alcalase 2.4 L. THP-1-derived macrophages exhibited attenuated expression of pro-inflammatory cytokines
(Tumour Necrosis Factor (TNF), IL-6, IL-1β) and increased
expression of anti-inflammatory marker genes (Chemokine (C-C motif) ligand 18 (CCL18)) relative to control. The
anti-inflammatory effect of both hydrolysates improve M2
polarization by quenching C-C Chemokine Receptor Type
2 (CCR2) expression and migratory capacity. Furthermore,
LPHs significantly decreased nitric oxide production [49].
Investigations on anticancer peptides from lupins has not
been widely reported, so it is an interesting research field
to explore.

Peptide-Based Therapies as Anticancer Agents
and Action Mechanisms
Anticancer peptide therapy is an emerging field that
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uses BPs to kill cancer cells. BPs can be easily designed
using bioinformatics tools to target some protein of interest, including amino acid sequence, structure and
interaction partners of many oncogenic proteins. Peptides can be designed to inhibit these interactions by
means of sequence from the interaction domain. Thus,
BPs are easily produced, and their sequence is easily
modified using chemical synthesis or molecular biology
techniques [50]. Proteins and peptides may act directly
in the intestinal tract or via receptors and cell signaling
pathways in the gut because most BPs are not absorbed
in the intestinal tract [8]. Although intestinal absorption
of di- and tri-peptides has been described, researchers
have yet to clarify how BPs with high molecular weight
move across of intestinal epithelium and which the action mechanisms of those peptides to induce specific
effects against cancer cells are [2,7]. Human peptide
transporter 1 (hPepT1) and 2 (hPepT2), two human dipeptide and tri-peptide specific intestinal membrane
transporters, have been identified and extensively functionally characterized. hPepT1 is expressed in the small
intestine, proximal tubules of the kidney, lysosomes of
liver and pancreatic and renal cells; whereas hPepT2 is
expressed in proximal tubules, brain, lungs and mammary glands. hPepT1 is constituted by 707-710 amino
acid residues while hPepT2 is constituted by 729. Both
have several putative glycosylation phosphorylation
sites, and it has been suggested that these transporters are constituted by 12 transmembrane domains,
with both the C- and N-terminal localized inside the cell.
Di-peptides/tri-peptides and peptide-mimetic drug molecules resistant to enzymatic degradation in the cytosol
are suggested to be transported by a saturable transport system that is yet to be identified [51].
Anticancer therapy is effective depending on stage
and type of cancer but is expensive and extremely toxic to patients. For that reason, there is an urgent need
for new research on cheap and non-toxic anticancer
treatments. In this context, anticancer peptides are an
alternative to drugs (small molecules) traditionally used
in cancer treatments. These fragments of proteins induce cell death by different mechanisms, like apoptosis, broken tubulin-microtubule equilibrium, or inhibiting angiogenesis [52]. The diversity of peptides used
in anticancer therapy has increased in the last years,
given that small peptides, which have been observed
to contain the motif Glutamine-Asparagine-Serine, are
Ras-Raf (protein receptors involved in cancer pathways)
interaction inhibitors. There is also a lot of interest in
peptides that can target tumor cells with high specificity, as the Arginine-Glycine-Aspartic acid (RGD) motif,
which shows high affinity to integrins [29]. Some commercial peptides, as somatostatin and bombesin, can
specifically target Luteinizing Hormone-Releasing Hormone (LH-RH), bombesin/gastrin-releasing peptide and
somatostatin receptors-2 and 5 [53].
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Lunasin uses the action mechanism with RGD sequence to internalize cancer cells, causing apoptosis in
different cancer cells lines [29]. Similarly, arginine-rich
Cell-Penetrating Peptides (CPP’s), including Tat from human immunodeficiency virus and oligoarginine derived
from 8-12 arginine residues, have been reported to efficiently penetrate various types of cells. The conjugation
with CPP’s can be used to deliver bioactive molecules,
including proteins, nucleic acids, and nanoparticles, into
cells. That is why CPP’s are promising vehicles for intracellular delivery [54]. Also, a recent study reported that
lunasin inhibited colony formation by isolated melanoma of a small population of Cancer-Initiating Cells (CICs)
in soft agar and reduced oncosphere formation in vitro
and substantially inhibited tumor growth in mouse xenografts. Using mechanistic studies, the study revealed
that lunasin treatment of isolated melanoma CICs induced the expression of the melanocyte-associated differentiation markers Tyrosinase and Microphthalmia associated Transcription Factor concomitant with reduced
expression of the stemness factor NANOG, involved in
migration, invasion, and dedifferentiation of melanoma
cells. For the first time, the researchers reported that
Lunasin has a significant therapeutic activity against
melanoma by specifically targeting melanoma CICs, and
inducing a more differentiated non-CIC phenotype. This
study showed that lunasin may represent a novel therapeutic option for both chemo-resistant and advanced
metastatic melanoma management [55].
Additionally, a study reported by Dia, et al. [56] described that the concentration of lunasin in plasma, as
determined by an enzyme-linked immunosorbent assay,
ranged in the various subjects (men) from 50.2 to 110.6
ng/mL of plasma for blood taken at 30 min and from
33.5 to 122.7 ng/mL of plasma for blood with drawn 1 h
after ingestion on day 5. The author estimated an average of 4.5% absorption of lunasin from the total lunasin
ingested from 50 g of soy protein. So, bioactive peptide
absorption remains an interesting field to generate investigation.
Cancer Protein and Peptides Database (Cancer PPD)
is a databank that provides detailed information to experimentally verify anticancer peptides and proteins
based on published articles and patents. This database
includes information on sequence, structures, and action mechanisms, depending on the structure, length,
hydrophobicity and specific characteristics of each peptide. Then, this database can be useful to design, find
and report new peptides and proteins with anticancer
activity [57]. Most of the anticancer peptides that are
active against tumor cells adopt either a bioactive helical conformation at the cell surface or a β-sheet structure prior to engaging the membrane (Figure 2). Some
of them, however, fold only at the surface of cancer
cells and acquires a β-sheet structure that disrupts the
cell membrane via pore formation [58]. Figure 2 shows
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Tumor cell

DNA synthesis inhibition

Anti-angiogenesis

Mediated immunity

membrane receptors
Membranolytic mode of action

Membrane disruption
and pore formation

BP’s in aqueous
solution

Membrane interaction and
gaining of secondary structure

Cytoplasmatic
membrane

Cytoplasm

Internalized BP’s
Cyt C
release

Interaction with
mitochondrial membrane

Membrane
disruption

Membrane disrruption
Apoptosis/Necrosis

Figure 2: Action mechanisms from BPs, non-membranolytic and membranolytic modes of action [57,58] .

the modes of action of BPs which may involve alternative pathways, such as mediated immunity, hormonal
receptors, DNA synthesis inhibition and anti-angiogenic
effects [58].

Anticancer Peptide Formulations as Commercial Drugs
The nutraceutical industry has harnessed the potential of anticancer peptides. In 2013, RELIV-a Nutritional
Company - acquired exclusive rights to the patented lunasin technology behind Luna Rich X™, a concentrated
lunasin extract from soybean. According to RELIV, this
peptide is commercialized as the first dietary ingredient
identified to affect gene expression and promote optimal health by epigenetic mechanisms. In addition, there
are many studies that have demonstrated the activity of
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lunasin to prevent cancer both in vivo and in vitro [59].
The identification and development of novel BPs will
provide opportunities for cancer prevention and treatment. Legume-derived peptides are a class of anticancer agents that could specifically target cancer cells with
a lower toxicity to normal tissues [60]. Conventional anticancer therapies have low specificity and often cause
severe side effects. Consequently, more efforts should
be made to improve their therapeutic potentials. We
should continue to explore novel legume-derived BPs
with anticancer properties and enhance the tumor targeting capacity [60]. The potential of peptide drugs is
yet to be fully explored. However, the recent advances in proteomics and peptidomics bring us closer to the
‘The Bioactive Peptide Era’ [60].
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Conclusions
The legume family is an excellent food source of bioactive compounds which, in turn, represent an effective
source for cancer therapeutics. BPs could be directly
consumed or incorporated as ingredients in functional
foods, dietary supplements and even pharmaceuticals,
with the purpose of delivering specific health benefits
as anticancer agents. Peptides are a novel class of anticancer agents that could specifically target cancer cells
with lower toxicity to normal tissues, which will offer
new opportunities for cancer prevention and treatment. It is necessary to develop more research to find
new peptide sequences and their action mechanisms
that are suitable for human consumption and commercialized by the pharmaceutical industry. There is few
information on the contribution of bioactive peptides
to the formation of AGEs after their absorption and the
effect they may have in cancer treatments.
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