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Abstract: Soybean agglutinin (SBA) is an important anti-nutritional factor in soybean. SBA can induce animal growth
inhibition, cause pathological changes of intestinal tissue, and decrease in the immune system functioning. Recently, a
great deal of research has been done on the effects of SBA on cell morphology, division, apoptosis, autophagy, as well
as the correlated signal transduction pathway. This review mainly covers the chemical and biological characteristics of
SBA, describes the multifaceted aspects of SBA anti-nutritional functions, and highlights the possible cellular and
molecular mechanism of anti-nutritional effects of SBA. This review has important implications for the prevention
and treatment of SBA-induced diseases, drug development, processing techniques of plant products, prevention of
food- borne toxins, as well as human and animal health protection.

The main chemical and biological characteristics of SBA

Introduction

The chemical characteristics of SBA

Soybean agglutinin (SBA), also known as lectin, is a major
anti-nutritional factor (ANF) in soybean seeds and
products. Such substance represents about 10% of the total
protein in mature soybean seeds. SBA can resist the
enzymatic digestion and keep its biological activity
throughout the entire intestinal tract due to its stability of
the structure (Carbanaro et al., 1997; Draaijer et al., 1989).
SBA can interact with the mucosal cells of the digestive
tract, and ﬁnally leading to a series of anti-nutritional
effects on animals. At present, a large number of studies
have been carried out to describe the chemical and
biological characteristics of SBA and the anti-nutritional
mechanisms of SBA.
Therefore, the herein review aims to describe the main
chemical and biological functions of SBA, describes the
multifaceted aspects of SBA anti-nutritional functions, and
highlights the anti-nutritional mechanisms of SBA. This
review provides some help for the systematic understanding
of the related progress of SBA.
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SBA has a typical four-stage structure of legume agglutinin
with a molecular weight of 120 kDa, an isoelectric point of
5.81, a sedimentation coefﬁcient of 6.05, and sedimentation
with 7S protein in ultracentrifugation.
SBA is composed of four subunits, each of which has a
molecular weight of about 30 kDa. Each subunit has a
covalently linked oligosaccharide chain containing
9 mannose and 2 N-phthaloyl-glucosamine (Man9GlcNAc2).
The sugar chain of each subunit in SBA is covalently
linked with the amino-N of the 75th aspartame residue of
the peptide chain (Asn-75) in the form of an N-glpglucosamine bond. The sugar chain is located at the atypical
interface of the subunit and interacts with the amino acid
residue of the adjacent subunit. Each subunit of SBA also
contains a closely bound Ca2+ and Mn2+ (De Boeck et al.,
1984). Additionally, there have a lot of hydrogen bonds and
hydrophobic forces between the two monomers in the SBA
molecule. Therefore, SBA is more stable than other legume
family lectins.
Based on the structure characteristic of SBA, it can form
speciﬁc binding with N-acetyl-D-galactosamine or galactose
(Vojdani et al., 2020). Such speciﬁc-binding of SBA to the
sugar is not targeted at the sugar molecules in plant cells
but on the surface of microorganisms or animal cells. This
speciﬁc binding of SBA is also the prerequisite and
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necessary condition for SBA to induce anti-nutritional effect
(Dam and Brewer, 2010). Therefore, the residual SBA binds
to the surface of intestinal epithelial cells and negatively
affects the secretion and absorption of mucus in the
digestive system (Kim et al., 2015).
Ubiquitous biological activities of SBA
Like other plant lectins, the basic biological function of SBA is
to agglutinate animal red blood cells and promote cell division.
The understanding of SBA begun with its agglutination
discovery. SBA possesses species-speciﬁc on erythrocyte
agglutination activity (Liu, 2006). For instance, the most
sensitive agglutination reactions are detected against rabbit
and human red blood cells than the other species (Pereira et
al., 1974). Liu conﬁrmed that swine had less responsive than
rabbits, and bovine erythrocytes can be only agglutinated at
a speciﬁc concentration (Liu, 2006). In addition to the
differences in animal species, the agglutination degree of
SBA to erythrocytes is also affected by some physical or
chemical factors. When SBA is polymerized due to chemical
or physical factors, the monomers can cross-link with each
other, and the sites of reactions with erythrocyte are also
increasing, which enhance the agglutination activity of
erythrocyte (Guesdon et al., 1979). Moreover, the degree of
agglutination between red blood cells and SBA is greatly
enhanced after trypsin or streptomycin treatment (Liu, 2006).
Another biological activity of SBA is promoting mitogenic
activity. SBA can promote lymphocyte division, and
enrichment of erythroblasts (Pusztai et al., 1991; Hivrale and
Ingale, 2013). SBA can be bound to glycoprotein receptor on
macrophage membrane in rat erythrocyte, and consequently
enhances the differentiation and metabolism of macrophage.
SBA binds to Caco-2 cells during the differentiation stage,
rapidly enters into Caco-2 cells, changes the metabolic state
of such cells, and ﬁnally stimulates the DNA for protein
synthesis (Draaijer et al., 1989).
Effects of SBA on animal growth and health
As one of the main anti-nutritional factors in soybean, the
content of SBA in mature soybean seeds is up to about 10%
of the total protein. Although its biological activity can be
removed by some appropriate methods (Huisman and
Tolman, 1992), there will still be a certain amount of
residues. Additionally, SBA can resist the degradation of
protease in vitro and gastrointestinal tract (Carbonaro et al.,
1997), which will be combined with gastrointestinal epithelial
cells, be engulfed into the blood circulation system, and
induce a wide range of systemic anti-nutritional responses.
These responses are exhibited in different mammalian organs
and the immune system (Greer and Pusztai, 1985; Pusztai et
al., 1993). This leads to the decrease feed utilization, low
growth, pathological changes, and even death.
In general, the effects of SBA on animal growth and
health are mainly manifested in the inhibition of animal
growth and development, the destruction of animal intestine
structure and function, and the decrease of immune function.
Effects of SBA on animal growth and development
SBA causes growth inhibition and negatively effects on animal
health. The effects of SBA on the growth performance of
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animals vary with the animals’ age, species, and SBA dose
(van der Poel et al., 1992). The addition of high-dose SBA
in pig diet can increase the total nitrogen output of ileum
and increase the loss of nitrogen in piglets, resulting in
weight loss and diarrhea (Makinde et al., 1996; Matthew et
al., 2015). When the SBA content in the diet was 0–1.2 mg/
g, there was no adverse effect on the growth performance of
rats fed for 20 days, but when the SBA concentration
increased to 2.0 mg/g, the growth performance of rats
decreased by 23% (Li et al., 2003).
The effect of SBA on monogastric animals was
signiﬁcantly greater than that on ruminants. This may be
due to the fermentation of rumen microorganisms in
ruminants, which reduces the biological activity of SBA. The
effect of SBA on pigs was signiﬁcantly greater than that on
chickens. SBA in the diet can cause intestinal damage in
piglets (Makinde et al., 1996; Schulze et al., 1995; Zhao et
al., 2011; Pan et al., 2013). Although SBA used as a
phospholipid source in larval ﬁsh diets, it decreases growth
and survival rate in marine species (like Salmo gairdneri,
ﬁngerling channel catﬁsh and rainbow trout (Oncorhynchus
mykiss), and affect gene expression (Wilson and Poe, 1985;
Buttle et al., 2001; Steven et al., 2010). Muscle histology
observations showed hindered growth in SBA-fed larvae
(Alves Martins et al., 2010).
SBA-induced structural and functional destruction of animal
intestine
SBA with intestinal structure
SBA can damage the brush border, reduce the surface area of
intestinal absorption, and affect the digestion and absorption
of nutrients (Bardocz et al., 1995). The height of jejunal villi
was signiﬁcantly shortened, and the morphology of jejunum
mucosa was changed after feeding with SBA (Grant et al.,
1989; Meilinah and Jeanny, 2012). A high dose of SBA can
also cause atrophy of intestinal microvilli, reduce cell
viability, cause brush border membrane disorder, and
increases the weight of the small intestine (Pusztai and
Bardocz, 1996; Zang et al., 2006; Meilinah and Jeanny, 2012;
Babot et al., 2016). SBA induces the atrophy of the
microvilli, reduces the viability of the epithelial cells.
Intestinal permeability and the morphology of the brush
border are also impaired after the combination of SBA to
the intestinal tract (Liener, 1986; Safa et al., 2013).
After the damage of the intestinal structure caused by SBA,
the nutrient digestive and absorptive capabilities are also
damaged. SBA can signiﬁcantly impact the transportation of
macro-nutrients (most notably glucose and amino acids)
through the intestinal membrane (Huisman and Jansman,
1991; Casaubon-Huguenin et al., 2004; Babot et al., 2016).
SBA with digestive enzyme
SBA can reduce the number of intestinal brush border epithelial
cells, inhibit the activity of various enzymes (Salgado et al.,
2002), by mucosal cells through speciﬁc binding with the
surface receptors of intestinal wall epithelial cells.
A little amount of SBA in a normal diet may decrease the
trypsin activity and increase the amylase activity of amylase in
the pancreatic juice (Pereira et al., 1974). SBA can inhibit the
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activities of duodenal brush border enterokinase (Rouanet et
al., 1983), brush border maltase and sucrase of duodenum,
jejunum and ileum, and the enterokinase and alkaline
phosphatase secreted by intestinal mucosa (Fasina et al.,
2006). Li et al. (2003) conﬁrmed that the addition of SBA to
the diet decreases the activity of brush border enzyme in the
duodenum, jejunum, and ileum of turkey. SBA affects the
proliferation of intestinal epithelial cells, the amount of
mucin secretion, and the composition of mucin by binding
with the membrane cells of porcine large intestine epithelial
cells, thus affecting the digestion and absorption of nutrients
(Pan et al., 2013).
Effects of SBA on immune system
Lagarda-Diaz et al. (2017) suggested that all lectins can
interact with the immune system in varying degrees. SBA
promotes the immune defense of the host by stimulating
immune responses, inﬂuencing protein kinases, and
manifesting chemopreventive properties.
SBA can induce a local inﬂammatory reaction. SBA
increases the population of mononuclear cells, the numbers
of CD4+/CD8− lymphocytes, the expression of CD11/CD18
surface molecules, and the number of circulating neutrophils
and by inhibiting neutrophil migration in rats. An
inhibitory effect on neutrophil migration is also observed in
the absence of SBA present in the blood circulation
(Benjamin et al., 1997). The continuous feeding of SBA
leads to a decreased immunological response in rats
by inhibiting the intestinal mucosal immune system
(Rohe et al., 2017).
Cellular and molecular mechanism of anti-nutritional effects of
SBA
Toxic effects of SBA on the cellular biological process in
intestinal epithelial cell
SBA has a speciﬁc binding with the gastrointestinal tract. This
speciﬁc binding is a precondition for deleterious toxic or side
effects (Babot et al., 2016). SBA can affect a variety of
biological processes in the gastrointestinal epithelial cells,
such as cell permeability, cell proliferation, apoptosis,
autophagy, and signal transduction, etc. (Ramdath et al.,
2017; Lagarda-Diaz et al., 2017; Xiao et al., 2018).
SBA has been investigated in poultry diets, and it has the
ability to bind to the intestinal epithelium and to induce
cytotoxic damage on intestinal epithelial cells of broiler
chicks (Babot et al., 2016).
Pan et al. (2013, 2018a) have shown that SBA damages
the integrity of the cell membrane, increases the
permeability of the cell membrane, lowers the relative
protein expression of occludin and claudin-3, damages the
cell morphology, as well as lower the proliferation rate of
the cells through the perturbation of cell cycle progression
in IPEC-J2.
In other cell lines, SBA induces DNA laddering in a dosedependent manner and causes DNA fragmentation in HeLa
cell lines (Dey, 2013). SBA mediates autophagy, apoptosis,
DNA damage in a dose-dependent manner in HeLa cells
(Panda et al., 2014). SBA induces autophagy and apoptosis
of tumor cells in Dalton’s lymphoma-bearing mice (Panda
et al., 2014).
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The possible pathway of SBA-induced cell apoptosis and
autophagy
In addition to the direct effects on the structure and biological
function of intestinal epithelial cells, SBA can also affect the
expression and function of cellular membrane proteins of
the gastro-epithelial cells. These effects can be extended to
cause cell apoptosis, autophagy and signal transduction.
SBA can use a mechanism to alter cell activity through
the mitochondria-mediated pathway. SBA induces apoptosis
and autophagic death through ROS generation in HeLa cells
(Mukhopadhyay et al., 2014b; Panda et al., 2014). SBA
induces cell apoptosis and decreases the mRNA expression
of Bcl-2 in IPEC-J2F (Pan et al., 2018b).
In addition, SBA induces some structural proteins to
alter the cellular biological function. The integrins are
involved in SBA-induced IPEC-J2 cellular viability. SBA can
indirectly change the expression and function of integrins
by binding with α-actinin-2, and then affect the
proliferation, cycle and apoptosis in IPEC-J2 cells (Pan et
al., 2017, 2018b). In addition to integrin, there may be other
proteins involved in the pathway of SBA-induced cell
biological function change. As described before, the speciﬁc
binding of SBA to intestinal epithelial cells is the premise
for its anti-nutritional effect. Pan et al. (2018b) have
identiﬁed a variety of SBA-speciﬁc binding proteins on
IPEC-J2 cell membrane. According to the functional
differences of these binding proteins, they can be divided
into cytoskeletal proteins (such as keratin, actin, annexin,
ankyrin, etc.) and kinases. Some of the cytoskeletal proteins
are not only the framework of cells but also the role of
messenger transmission. Additionally, some cytoskeletal
proteins also play an important role in maintaining the
morphology and function of cells. Therefore, these
cytoskeletal proteins may be also involved in cell biological
function alterations caused by SBA. However, further
studies are needed to conﬁrm such problems.
There is limited data available about the similarities
among the structure of lectins. However, Liener (1986) has
found that lectins are common toxic in most legumes. Grant
and van Driessche (1993) also presented that there are some
common structural and functional characteristics among
SBA, other legumes or, plant lectin. Nowadays, the
mechanisms of apoptosis and autophagy induced by SBA
still need further research. Therefore, we can refer to the
mechanism of other legume or a speciﬁc plant agglutinin to
the causes of induced apoptosis and autophagy. Therefore,
we can gradually improve the relevant mechanism, which
leads to a change in biological functions caused by SBA.
Mechanism of apoptosis and autophagy induced by other
legume lectins
Other legume lectins can also cause cell apoptosis and
autophagy. Haemagglutinin (PHA-E) of dark red kidney
bean can inhibit the proliferation of leukemia L1210 cells.
Pea lectin induces apoptosis and cell cycle arrest in
colorectal cancer SW480 and SW48 cells (Islam et al., 2018).
The production of apoptotic bodies can be induced by
autumn purple bean lectin, and the apoptosis of breast
cancer MCF-7 cells is induced by French bean
haemagglutinin. Also, small glossy black soybean lectin can
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obstruct the spread of breast cancer MCF-7 cells and
hepatoma HepG2 cells (Lin et al., 2008).
The pathways of other legume lectins-induced apoptosis,
autophagy, or both biological processes, are mainly occurred
through the mitochondria-mediated pathway, death receptor
pathway,
and
sugar-binding
speciﬁcity
pathway.
Concanavalin A (Con A, a lectin, originated from the jackbean) induces apoptosis in human melanoma A375 cells
through the caspase-dependent pathway and induces
autophagy in hepatoma cells through internalization and
mitochondrion-mediated pathway (Lei and Chang, 2007).
Con A induces cell apoptosis by down-regulating different
signaling pathways mediated through NF-kβ, ERK, JNK,
and Akt survival signaling (Amin et al., 2007; Helal Uddin
Biswas et al., 2006; Sina et al., 2010). Con A can induce
autophagic cell death in hepatoma cells through a
mitochondria-mediated pathway (Fu et al., 2011). Peanut
agglutinin induces apoptosis and autophagic death through
ROS generation in HeLa cells (Mukhopadhyay et al., 2014a;
Panda et al., 2014). Sophora ﬂavescens lectin (SFL) has been
reported to induce tumor cell death through a caspasedependent apoptotic pathway, and its apoptotic mechanisms
are speculated to be the death-receptor pathway (Liu et al.,
2008). Lectins from Phaseolus coccineus L. induce the
caspase-dependent apoptosis in L929 cells by a sugarbinding speciﬁcity (Chen et al., 2009).

apoptosis through a death receptor-mediated caspasedependent pathway in HeLa cells. Polygonatum odoratum
lectin (POL) induces cell apoptosis and autophagy in human
MCF-7 breast cancer cells by the Ras-Raf-MEK-ERK
signaling pathway (Ouyang et al., 2014). Korean mistletoe
lectin (Viscum album L. var. coloratum agglutinin) causes
apoptosis in human hepatocarcinoma cells via the
mitochondrial controlled pathway, which is independent of
the p53 pathway and the p21 pathways (Lyu et al., 2002).
These related studies indicated that legume lectin and
plant lectin have similar pathways in inducing apoptosis and
autophagy. Such pathways are involving mitochondriamediated, death receptor, sugar-binding speciﬁcity, and
direct ribosome inactivating pathway, and other critical
impacts such as apoptosis, and autophagy of intestinal cells.

Mechanism of apoptosis and autophagy induced by other plant
lectin
Plant lectin, a class of highly diverse non-immune origin and
carbohydrate-binding proteins, can induce apoptosis,
autophagy, or both biological processes. Lectins from
Tragalus membranaceus, Astragalus mongholicus, Bauhinia
forticata, Griffonia simplicifolia, and Lotus corniculatus have
the ability to inhibit cell proliferative activity and to induce
cell apoptosis (Huang et al., 2012; Raﬁq et al., 2013; Silva et
al., 2014; Yan et al., 2009). Del Monte banana lectin delays
the proliferation of L1210 cells (a mouse lymphocytic
leukemia cell line) and HepG2 cells (a human liver cancer
cell line) (Allen et al., 2009). Moreover, Ricinus agglutinin
(RA) showed both anti-proliferative activity and autophagic
cell death in Glioblastoma (the most malignant intrinsic
glial brain tumor) cells (Sahoo, 2015). Sclerotium rolfsii
lectin strongly inhibits cell proliferation and induces
apoptosis of MCF-7 and ZR-75 human breast cancer cells
(Savanur et al., 2014). Solanum tuberosum lectin inhibits
Ehrlich ascites carcinoma cell growth by inducing apoptosis
and G2/M cell cycle arrest (Kabir et al., 2016).
Based on an enormous amount of research, the plant
lectins eliminate various types of cancer cells via different
major pathways, that including direct ribosome inactivating,
endocytosis-dependent mitochondrial dysfunction, sugarcontaining receptors binding (Shi et al., 2017), also the
death-receptor mediated pathway (Shi et al., 2013). In detail,
the possible mechanisms related to the induction of
apoptosis and autophagy by plant lectins may be due to the
effects of lectin on the protein expression of Bcl-2,
autophagy molecules, caspases, p53, ERK, Ras-Raf, BNIP3,
and ATG families (Jiang et al., 2015; Yau et al., 2015).
Sephora ﬂavescens lectin with mannose speciﬁcity causes

Apoptosis and its pathway
Apoptosis, is deﬁned as cellular Type-I programmed cell
death. It is a conservative and orderly process of cell death.
Such an active cell death process involves gene activation,
expression and regulation. The character of apoptosis is the
condensation of the cytoplasm and nucleus, DNA
fragmentation, migration of chromatin to the nuclear
periphery, cell contraction, dynamic membrane blebbing,
and phagocytosis (Hengartner, 2000).
Apoptosis removes aging and abnormal cells in time, and
plays a scavenger role. Apoptosis is triggered by three ways,
including extrinsic apoptotic pathway, intrinsic apoptosis
pathway, and endoplasmic reticulum pathway. The ﬁrst one
is surface death receptors (DR), as called extrinsic apoptosis.
In the extrinsic apoptotic pathway, after the binding of cell
surface receptors to speciﬁc ligands, apoptotic signals are
subsequently activated and transmitted, ﬁnally enabling the
cleavage of caspase-3, 6, and 7. The second way is the
mitochondrial release of cytochrome c, called intrinsic
apoptosis. In the intrinsic apoptosis pathway, mitochondrial
outer membrane permeabilization (MOMP) is induced by
the dimerization of pro-apoptotic proteins (Bax and Bak),
then cytochrome c is released into the cytosol from the
mitochondrial membrane. Subsequently, apoptosome is
initiated by the binding of cytochrome c to apoptotic
protein activating factor-1, the activates caspase-9, followed
by the activation of caspase-3 (Gamie et al., 2017; Richa and
Kristin, 2015; Safa, 2019). The third pathway is the
endoplasmic reticulum pathway. Endoplasmic reticulum
stress (protein misfolding or unfolding, endoplasmic
reticulum stress) can lead to intracellular calcium overload
or calcium homeostasis imbalance. On the one hand,
caspase-12 was activated, and caspase-12 further activated

Apoptosis, autophagy and their relationship
In addition to the pathway described above, to further reveal
the signal transduction pathway of apoptosis and autophagy
induced by SBA, we need to thoroughly analyze the
pathway of cell apoptosis, autophagy, and the relationships
between them. Apoptosis and autophagy are important
indicators of animal health, since they are programmed cell
death processes. Consequently, many studies have been
conducted on the signal pathway for apoptosis and
autophagy, as well as their mutual interactions.
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caspase-9 to promote apoptosis. Yet, Bax and Bak, the proapoptotic proteins in the Bcl-2 family, are activated to
induce apoptosis (Ghavami et al., 2009; Wang et al., 2019).
Autophagy and its pathway
Autophagy, known as Type-II programmed cell death, refers
to an evolutionarily conserved, multi-step lysosomal
degradation process in which a cell degrades long-lived
proteins and damaged organelles (Saha et al., 2018). The
autophagy process includes the recycling of materials and
energy, degrading damaged organelles or removing
macromolecular substances in cells, participating in the
renewal of endoplasmic reticulum, peroxides and
mitochondria. Autophagy is involved in cell differentiation,
cell development, and cell remodeling at the subcellular
level, etc. Therefore, autophagy is essential for cell growth,
differentiation, and metabolism, and for the maintenance of
homeostasis (Levine, 2005).
Autophagy can regulate cell death with dual natures
(mild or severe). Mild autophagy can protect cells from
harmful conditions to some extent and promote cell
survival, while severe or rapid autophagy can induce
programmed cell death. Nowadays, the autophagy pathway
includes the autophagy-dependent on the membrane target
of rapamycin (mTOR) pathway, and the autophagyindependent of the mTOR pathway.
There are PI3K-Akt-mTOR signaling pathway, MAPK
signaling pathway and other signaling pathways in the
upstream of dependent mTOR signaling molecules, that
regulate mTOR molecules and form complex network
signaling pathways. Zhang et al. (2014) found that
exogenous expression of apelin gene can inhibit the
proliferation of pulmonary artery smooth muscle cells
(PASMC) by the activation of the PI3K-Akt-mTOR signal
molecule. When the intracellular energy decreases, LKB1
can phosphorylate and activate AMP-activated protein
kinase (AMPK), which ﬁnally inhibits the activity of
mTORC1 and then induces autophagy (van Veelen et al.,
2011). Activated P38 MAPK (p38 mitogen-activated protein
kinase) can also regulate the autophagy pathway in two
ways after activation (Bak et al., 2016). Ammonia represents
the independent mTOR autophagy, such as which can
activate autophagy and prevent TNF-α induced apoptosis.
In the liver, glucagon can also induce autophagy
(Rabinowitz and White, 2010). In addition, there are also
autophagy pathways that have been proved to be
independent of the mTOR pathway, such as Beclin1, PI3K
and Gai3 protein pathways.
The relationships between cell apoptosis and autophagy
There are positive or negative interconnections between
apoptosis and autophagy (Huang and Klionsky, 2007), and
this relationship between them may vary depending on their
biological context (Cheng et al., 2008). Many classical
apoptotic signaling pathways or proteins possess complex
interactions with autophagy regulation (Gump and
Thorburn, 2011; Su et al., 2013; He et al., 2018).
Both apoptosis and autophagy are regulated by some
common factors and have some same biological functions.
Interestingly, the activity of the apoptosis may be regulated
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by the autophagic pathway. The main relationships between
apoptosis and autophagy may have different possible points.
First, apoptosis and autophagy promote each other. The
expression of apoptosis gene and autophagy gene was upregulated at the same time, and there were many regulatory
molecules between apoptosis and autophagy (Wu et al.,
2018). Bcl-2 family proteins play a key dual regulatory role
between apoptosis and autophagy (Mariño et al., 2014).
Second, autophagy is a necessary condition for apoptosis.
For instance, inhibition of autophagy can delay apoptosis
(Yang et al., 2011). Third, apoptosis and autophagy are
antagonistic to each other as the induction of autophagy in
melanoma can protect cells from chemical-induced
apoptosis (Liao et al., 2011). Rabdosia rubescens (a Chinese
herb) can play a toxic role through apoptosis and protect
cells from apoptosis by autophagy pathway (Hassan et al.,
2015). Zeng et al. (2012) investigated the interference of
Atg5, 10, 12 and Beclinl which can signiﬁcantly enhance the
apoptosis induced by starvation. Such interference proves
that autophagy may participate in the inhibition of
apoptosis in the absence of nutrition. Fourth, autophagy and
apoptosis are inhibited at the beginning and then are
activated. At the early stage of some drugs, autophagy can
protect cells from apoptosis. With the extension of time, the
effect of apoptosis and autophagy can increase at the same
time, and activate cell death (Kanzawa et al., 2003). Fifth,
apoptosis and autophagy are the premise of each other.
Inhibition of either side will lead to inhibition of the other
side’s action process. Therefore, autophagy and apoptosis at
least interact in ﬁve biological points.
Prospects
Based on the structure and toxic effects of SBA on the cells
(apoptosis and autophagy), it can be used in differentiating
markers to study cancers and metastatic cell lines, helping in
detecting the carbohydrate residues present on the cell surface
(Dey, 2013; Lagarda-Diaz et al., 2017). Therefore, some positive
effects of SBA are considered anti-cancerous. HernándezLedesma and Hsieh (2017) have demonstrated that SBA can
inhibit the proliferation of human cancer cell lines such as BT20,
HBL100, MCF-7, T47D, HepG2, and melanoma A375 cells.
Because of its chemopreventive activity, SBA can be used to
induce apoptosis and autophagy in future studies (Yau et al., 2015).
The speciﬁc binding of SBA with small intestinal epithelial
cells is the prerequisite for its anti-nutrition effect, which will lead
to apoptosis and autophagy. We can use these SBA characters to
identify the SBA-speciﬁc binding proteins on the intestinal
epithelial cell membrane. We can constantly uncover the signal
transduction vector and possible signal pathway of SBA induced
apoptosis and autophagy through in vitro nutrition environment
and related gene expression cell control test, in order to achieve
the purpose of preventing SBA from tissue damage.
In addition, the development of new technologies related
to blocking or reducing the SBA anti-nutritional toxicity
needs further investigation.
Summary
SBA is a major anti-nutritional factor in soybean, which may
induce abnormalities in the biological and metabolic patterns
of intestinal cells. It can be inferred that SBA acts in different
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anti-nutritional mechanisms that including damaging the
structure of the intestinal epithelial cells, blocking the cell
cycle, promoting apoptosis, autophagy, altering the
metabolic and related signal transduction pathways.
Author Contributions: Li Pan and Guixin Qin designed this
review. Li Pan and Mohammed Hamdy Farouk wrote the
paper. Li Pan, Jiawei Liu, Nan Bao, Yuan Zhao and Hui Sun
collected the related literature reports.
Funding Statement: This work was supported by the National
Natural Science Foundation of China (No. 31802093) and Fund
Project of Jilin Agricultural University (2019019).
Conﬂicts of Interest: The authors declare that they have no
conﬂicts of interest to report regarding the present study.
References
Allen HKC, Jack HW, Ng TB (2009). Musa acuminata (Del Monte
banana) lectin is a fructose-binding lectin with cytokineinducing activity. Phytomedicine 16: 594–600. DOI
10.1016/j.phymed.2008.12.016.
Alves Martins D, Estévez A, Stickland NC, Simbi BH, Yúfera M
(2010). Dietary lecithin source affects growth potential and
gene expression in Sparus aurata larvae. Lipids 45: 1011–
1023. DOI 10.1007/s11745-010-3471-7.
Amin ARMR, Paul RK, Thakur VS, Agarwal ML (2007). A novel role
for p73 in the regulation of Akt-Foxo1a-Bim signaling and
apoptosis induced by the plant lectin, concanavalin A.
Cancer Research 67: 5617–5621. DOI 10.1158/0008-5472.
CAN-07-0655.
Babot JD, Argañaraz-Martínez E, Lorenzo-Pisarello MJ, Apella MC, Perez
Chaia A (2016). Cytotoxic damage of soybean agglutinin on
intestinal epithelial cells of broiler chicks: In vitro protection by
Biﬁdobacterium infantis CRL1395. FEMS Microbiology Letters
363: fnw114. DOI 10.1093/femsle/fnw114.
Bak MJ, Truong VL, Ko SY, Nguyen XNG, Jun M, Hong SG, Lee JW,
Jeong WS (2016). Induction of Nrf2/ARE-mediated
cytoprotective genes by red ginseng oil through ASK1MKK4/7-JNK and p38 MAPK signaling pathways in
HepG2 cells. Journal of Ginseng Research 40: 423–430. DOI
10.1016/j.jgr.2016.07.003.
Bardocz S, Ewen SWB, Grant G, Pusztai A (1995). Lectins as growth
factors for the small intestine and the gut. In: Pusztai A,
Bardocz S. (eds.), Lectins: Biomedical perspectives, pp. 103–
116. Taylor & Francis.
Benjamin CF, Figueiredo RC, Henriques MGMO, Barja-Fidalgo C
(1997). Inﬂammatory and anti-inﬂammatory effects of
soybean agglutinin. Brazilian Journal of Medical and
Biological Research 30: 873–881. DOI 10.1590/S0100879X1997000700009.
Buttle LG, Burrells AC, Good JE, Williams PD, Southgate PJ, Burrells
C (2001). The binding of soybean agglutinin (SBA) to the
intestinal epithelium of Atlantic salmon, Salmo salar and
rainbow trout, Oncorhynchus mykiss, fed high levels of
soybean
meal.
Veterinary
Immunology
and
Immunopathology 80: 237–244. DOI 10.1016/S0165-2427
(01)00269-0.
Carbonaro M, Cappelloni M, Nicoli S, Lucarini M, Carnovale E
(1997). Solubility-digestibility relationship of legume
proteins. Journal of Agricultural and Food Chemistry 45:
3387–3394. DOI 10.1021/jf970070y.

LI PAN et al.

Chen J, Liu B, Ji N, Zhou J, Bian HJ, Li CY, Chen F, Bao JK (2009). A
novel sialic acid-speciﬁc lectin from Phaseolus coccineus seeds
with potent antineoplastic and antifungal activities.
Phytomedicine 16: 352–360. DOI 10.1016/j.phymed.2008.07.003.
Cheng Y, Qiu F, Tashiro SI, Onodera S, Ikejima T (2008). ERK and
JNK mediate TNFα-induced p53 activation in apoptotic and
autophagic L929 cell death. Biochemical and Biophysical
Research Communications 376: 483–488. DOI 10.1016/j.
bbrc.2008.09.018.
Dam TK, Brewer CF (2010). Chapter 5-Multivalent lectincarbohydrate interactions: Energetics and mechanisms of
binding. In: Horton D (ed.), Advances in Carbohydrate
Chemistry and Biochemistry. Academic Press, 139–164.
De Boeck H, Lis H, van Tilbeurgh H, Sharon N, Loontiens FG (1984).
Binding of simple carbohydrates and some of their
chromophoric derivatives to soybean agglutinin as followed
by titrimetric procedures and stopped ﬂow kinetics. Journal
of Biological Chemistry 259: 7067–7074. DOI 10.1016/
S0021-9258(17)39838-1.
Dey S (2013). In Vitro Antitumor Potential of Soybean Lectin, Isolated
from Glycine Max. Rourkela, India: Department of Life
Science, National institute of Technology.
Draaijer M, Koninkx J, Hendriks H, Kik M, van Dijk J, Mouwen J
(1989). Actin cytoskeletal lesions in differentiated human
colon carcinoma Caco-2 cells after exposure to soybean
agglutinin. Biology of the Cell 65: 29–35. DOI 10.1111/
j.1768-322X.1989.tb00767.x.
Fasina YO, Classen HL, Garlich JD, Black BL, Ferket PR, Uni Z,
Olkowski AA (2006). Response of turkey poults to soybean
lectin levels typically encountered in commercial diets. 2.
Effect on intestinal development and lymphoid organs.
Poultry Science 85: 870–877. DOI 10.1093/ps/85.5.870.
Fu LL, Zhou CC, Yao S, Yu JY, Liu B, Bao JK (2011). Plant lectins:
Targeting programmed cell death pathways as antitumor
agents. International Journal of Biochemistry and Cell
Biology 43: 1442–1449. DOI 10.1016/j.biocel.2011.07.004.
Gamie Z, Kapriniotis K, Papanikolaou D, Haagensen E, Da
Conceicao Ribeiro R, Dalgarno K, Krippner-Heidenreich A,
Gerrand C, Tsiridis E, Rankin KS (2017). TNF-related
apoptosis-inducing ligand (TRAIL) for bone sarcoma
treatment: Pre-clinical and clinical data. Cancer Letters 409:
66–80. DOI 10.1016/j.canlet.2017.08.036.
Ghavami S, Hashemi M, Ande SR, Yeganeh B, Xiao W, Eshraghi M,
Bus CJ, Kadkhoda K, Wiechec E, Halayko AJ, Los M (2009).
Apoptosis and cancer: mutations within caspase genes.
Journal of Medical Genetics 46: 497–510. DOI 10.1136/
jmg.2009.066944.
Grant G, Ewen S, Bardocz S, Brown D, Dorward P, Watt W, Stewart
J, Pusztai A (1989). Local (gut) and systemic responses of rats
to dietary soybean (Glycine max) proteins. In: Huisman J, van
der Poel T, Liener I. (eds.), Recent Advances of Research in
Antinutritional Factors in Legume Seeds, pp. 34–38.
Wageningen, Netherlands.
Grant G, van Driessche E (1993). Legume Lectins. Physicochemical
and nutritional properties. In: van der Poel AFB, Huisman
J, Saini HS. (eds.), Recent Advances of Research in
Antinutritional Factors in Legume Seeds, pp. 219–234.
Wageningen: Wageningen Press.
Greer F, Pusztai A (1985). Toxicity of kidney bean (Phaseolus
vulgaris) in rats: Changes in intestinal permeability.
Digestion 32: 42–46. DOI 10.1159/000199215.
Guesdon JL, Ternynck T, Avrameas S (1979). The use of avidinbiotin interaction in immunoenzymatic techniques. Journal

ANTI-NUTRITIONAL MECHANISMS OF SOYBEAN AGGLUTININ

of Histochemistry and Cytochemistry 27: 1131–1139. DOI
10.1177/27.8.90074.
Gump JM, Thorburn A (2011). Autophagy and apoptosis: What is
the connection? Trends in Cell Biology 21: 387–392. DOI
10.1016/j.tcb.2011.03.007.
Hassan M, Selimovic D, Hannig M, Haikel Y, Brodell RT, Megahed
M (2015). Endoplasmic reticulum stress-mediated pathways
to both apoptosis and autophagy: Signiﬁcance for
melanoma treatment. World Journal of Experimental
Medicine 5: 206–217. DOI 10.5493/wjem.v5.i4.206.
He GP, Ma YL, Zhu Y, Yong L, Liu X, Wang P, Liang C, Yang CL, Zhao
ZA, Hai B, Pan XY, Liu ZJ, Liu XG, Mao CB (2018). Autophagy
and apoptosis cross talk: Cross talk between autophagy and
apoptosis contributes to ZnO nanoparticle-induced human
osteosarcoma cell death. Advanced Healthcare Materials 7:
1870067. DOI 10.1002/adhm.201870067.
Helal Uddin Biswas M, Hasegawa HH, Aminur Rahman M, Huang
P, Mon NN, Ruhul Amin ARM, Senga T, Kannagi R,
Hamaguchi M (2006). SHP-2-Erk signaling regulates
Concanavalin A-dependent production of TIMP-2.
Biochemical and Biophysical Research Communications 348:
1145–1149. DOI 10.1016/j.bbrc.2006.07.173.
Hengartner MO (2000). The biochemistry of apoptosis. Nature 407:
770–776. DOI 10.1038/35037710.
Hernández-Ledesma B, Hsieh CC (2017). Chemopreventive role of
food-derived proteins and peptides: A review. Critical
Reviews in Food Science and Nutrition 57: 2358–2376. DOI
10.1080/10408398.2015.1057632.
Hivrale A, Ingale A (2013). Plant as a plenteous reserve of lectin. Plant
Signaling and Behavior 8: e26595. DOI 10.4161/psb.26595.
Huang J, Klionsky DJ (2007). Autophagy and human disease. Cell
Cycle 6: 1837–1849. DOI 10.4161/cc.6.15.4511.
Huang LH, Yan QJ, Kopparapu NK, Jiang ZQ, Sun Y (2012). Astragalus
membranaceus lectin (AML) induces caspase-dependent
apoptosis in human leukemia cells. Cell Proliferation 45: 15–
21. DOI 10.1111/j.1365-2184.2011.00800.x.
Huisman J, Jansman A (1991). Dietary effects and some analytical
aspects of antinutritional factors in peas (Pisum sativum),
common beans (Phaseolus vulgaris) and soybeans (Glycine
max) in monogastric farm animals. A literature review.
Nutrition Abstract and Reviews Serious B 61: 901–921.
Huisman J, Tolman G (1992). Antinutritional factors in the plant
proteins of diets for non-ruminants. In: Garnsworthy PC,
Haresign W, Cole DJA (eds.), Recent Advances in Animal
Nutrition, pp. 3–32. London, UK: Butterworth-Heinemann, Ltd.
Islam F, Gopalan V, Lam AKY, Kabir SR (2018). Pea lectin inhibits
cell growth by inducing apoptosis in SW480 and SW48 cell
lines. International Journal of Biological Macromolecules
117: 1050–1057. DOI 10.1016/j.ijbiomac.2018.06.021.
Jiang QL, Zhang S, Tian M, Zhang SY, Xie T, Chen DY, Chen YJ, He
J, Liu J, Ouyang L, Jiang X (2015). Plant lectins, from ancient
sugar-binding proteins to emerging anti-cancer drugs in
apoptosis and autophagy. Cell Proliferation 48: 17–28. DOI
10.1111/cpr.12155.
Kanzawa T, Kondo Y, Ito H, Kondo S, Germano I (2003). Induction
of autophagic cell death in malignant glioma cells by arsenic
trioxide. Cancer Research 63: 2103.
Kabir SR, Rahman MM, Amin R, Karim MR, Mahmud ZH, Hossain
MT (2016). Solanum tuberosum lectin inhibits Ehrlich ascites
carcinoma cells growth by inducing apoptosis and G2/M cell
cycle arrest. Tumor Biology 37: 8437–8444. DOI 10.1007/
s13277-015-4735-x.

457

Kim DH, Heo PS, Jang JC, Jin SS, Hong JS, Kim YY (2015). Effect of
different soybean meal type on ileal digestibility of amino
acid in weaning pigs. Journal of Animal Science and
Technology 57: 11. DOI 10.1186/s40781-015-0041-9.
Lagarda-Diaz I, Guzman-Partida AM, Vazquez-Moreno L (2017).
Legume lectins: Proteins with diverse applications.
International Journal of Molecular Sciences 18: 1242. DOI
10.3390/ijms18061242.
Carbanaro M, Cappelloni M, Nicoli S, Lucarini M, Carnovale E
(1997). Solubility-digestibility relationship of legume
proteins. Journal of Agricultural and Food Chemistry 45:
3387–3394. DOI 10.1021/jf970070y.
Casaubon-Huguenin MT, Ávila-González E, Vazquez-Pelaez C,
Trigo F, Lascurain R, Zenteno E (2004). The effect of raw
full-fat soybean and its lectin on the nutrition and
pigmentation of broilers. Journal of Agricultural and Food
Chemistry 52: 5702–5708. DOI 10.1021/jf0307604.
Lei HY, Chang CP (2007). Induction of autophagy by concanavalin a
and its application in anti-tumor therapy. Autophagy 3: 402–
404. DOI 10.4161/auto.4280.
Levine B (2005). Eating oneself and uninvited guests: Autophagyrelated pathways in cellular defense. Cell 120: 159–162.
Li Z, Li D, Qiao S (2003). Effects of soybean agglutinin on nitrogen
metabolism and on characteristics of intestinal tissues and
pancreas in rats. Archives of Animal Nutrition 57: 369–380.
DOI 10.1080/00039420310001607725.
Liao AJ, Hu R, Li YC, Yao K, Wang HH, Zhang R, Yang W, Liu ZG
(2011). The study of FTY720 on inducing apoptosis and
autophagy in multiple myeloma cell line U266. Zhonghua
Xueyexue Zazhi 32: 664–667.
Liener IE (1986). Nutritional signiﬁcance of lectins in the diet. In:
Liener IE, Sharon N, Goldstein IJ (eds.), The Lectins,
Properties, Functions, and Applications in Biology and
Medicine, pp. 527–552. San Diego: Academic Press.
Lin P, Ye X, Ng T (2008). Puriﬁcation of melibiose-binding lectins
from two cultivars of Chinese black soybeans. Acta
Biochimia et Biophysica Sinica 40: 1029–1038. DOI
10.1111/j.1745-7270.2008.00488.x.
Liu LN (2006). Comparative studies on the sensitivity to SBA in
different species of animal (Ph. D. Thesis). Jilin Agricultural
University, Changchun City, China.
Liu Z, Liu B, Zhang ZT, Zhou TT, Bian HJ, Min MW, Liu YH, Chen J,
Bao JK. (2008). A mannose-binding lectin from Sophora
ﬂavescens induces apoptosis in HeLa cells. Phytomedicine
15: 867–875. DOI 10.1016/j.phymed.2008.02.025.
Lyu SY, Choi SH, Park WB (2002). Korean mistletoe lectin-induced
apoptosis in hepatocarcinoma cells is associated with
inhibition of telomerase via mitochondrial controlled
pathway independent of p53. Archives of Pharmacal
Research 25: 93–101. DOI 10.1007/BF02975269.
Makinde MO, Umapathy E, Akingbemi BT, Mandisodza KT,
Skadhauge E (1996). Effects of dietary soybean and cowpea
on gut morphology and faecal composition in creep and
noncreep-fed pigs. Journal of Veterinary Medicine Series A
43: 75–85. DOI 10.1111/j.1439-0442.1996.tb00430.x.
Meilinah H, Jeanny E (2012). Increasing of plasma cholecystokinin
level and jejunum histological changes after treatment with
soybean extracts protein. HAYATI Journal of Biosciences
19: 53–59. DOI 10.4308/hjb.19.2.53.
Mariño G, Niso-Santano M, Baehrecke EH, Kroemer G (2014). Selfconsumption: The interplay of autophagy and apoptosis.

458

Nature Reviews Molecular Cell Biology 15: 81–94. DOI
10.1038/nrm3735.
Matthew LB, Elisa LG, Grant RY, Yelena D, Ryan A, Phil B, Fred C,
Cecil D, Jenny G, Rong G, Carl M, Laura P, Hilary R, Kai L,
Guomin S, Michele Y, Denise T, Nancy G (2015). Validation
of a method for quantitation of soybean lectin in commercial
varieties. Journal of the American Oil Chemists Society 92:
1085–1092. DOI 10.1007/s11746-015-2679-3.
Mukhopadhyay S, Panda PK, Behera B, Das CK, Hassan MK, Das
DN, Sinha N, Bissoyi A, Pramanik K, Maiti TK, Bhutia SK
(2014a). In vitro and in vivo antitumor effects of Peanut
agglutinin through induction of apoptotic and autophagic
cell death. Food and Chemical Toxicology 64: 369–377. DOI
10.1016/j.fct.2013.11.046.
Mukhopadhyay S, Panda PK, Sinha N, Das DN, Bhutia SK (2014b).
Autophagy and apoptosis: Where do they meet? Apoptosis
19: 555–566. DOI 10.1007/s10495-014-0967-2.
Ouyang L, Chen Y, Wang XY, Lu RF, Zhang SY, Tian M, Xie T, Liu B, He
G (2014). Polygonatum odoratum lectin induces apoptosis and
autophagy via targeting EGFR-mediated Ras-Raf-MEK-ERK
pathway in human MCF-7 breast cancer cells. Phytomedicine
21: 1658–1665. DOI 10.1016/j.phymed.2014.08.002.
Pan L, Farouk M, Qin G, Zhao Y, Bao N (2018a). The inﬂuences of
soybean agglutinin and functional oligosaccharides on the
intestinal tract of monogastric animals. International Journal
of Molecular Sciences 19: 554. DOI 10.3390/ijms19020554.
Pan L, Qin G, Zhao Y, Wang J, Liu F, Che D (2013). Effects of
soybean agglutinin on mechanical barrier function and
tight junction protein expression in intestinal epithelial cells
from piglets. International Journal of Molecular Sciences 14:
21689–21704. DOI 10.3390/ijms141121689.
Pan L, Zhao Y, Farouk MH, Bao N, Wang T, Qin G (2018b).
Integrins were involved in soybean agglutinin induced cell
apoptosis in IPEC-J2. International Journal of Molecular
Sciences 19: 587. DOI 10.3390/ijms19020587.
Pan L, Zhao Y, Yuan Z, Farouk MH, Zhang S, Bao N, Qin G (2017).
The integrins involved in soybean agglutinin-induced cell
cycle alterations in IPEC-J2. Molecules and Cells 40: 109–
116. DOI 10.14348/molcells.2017.2207.
Panda PK, Mukhopadhyay S, Behera B, Bhol CS, Dey S, Das DN,
Sinha N, Bissoyi A, Pramanik K, Maiti TK, Bhutia SK
(2014). Antitumor effect of soybean lectin mediated
through reactive oxygen species-dependent pathway. Life
Sciences 111: 27–35. DOI 10.1016/j.lfs.2014.07.004.
Pereira MEA, Kabat EA, Sharon N (1974). Immunochemical studies
on the speciﬁcity of soybean agglutinin. Carbohydrate
Research 37: 89–102. DOI 10.1016/S0008-6215(00)87066-4.
Pusztai A, Bardocz S (1996). Biological effects of plant lectins on the
gastrointestinal tract: Metabolic consequences and
applications. Trends in Glycoscience and Glycotechnology 8:
149–165. DOI 10.4052/tigg.8.149.
Pusztai A, Ewen SWB, Grant G, Brown DS, Stewart JC, Peumans WJ,
Van Damme EJM, Bardocz S (1993). Antinutritive effects of
wheat-germ agglutinin and other N-acetylglucosaminespeciﬁc lectins. British Journal of Nutrition 70: 313–321.
DOI 10.1079/BJN19930124.
Pusztai A, Watt WB, Stewart JC (1991). A comprehensive scheme for
the isolation of trypsin inhibitors and the agglutinin from
soybean seeds. Journal of Agricultural and Food Chemistry
39: 862–866. DOI 10.1021/jf00005a009.
Rabinowitz JD, White E (2010). Autophagy and metabolism. Science
330: 1344–1348. DOI 10.1126/science.1193497.

LI PAN et al.

Raﬁq S, Majeed R, Qazi AK, Ganai BA, Wani I, Rakhshanda S,
Qurishi Y, Sharma PR, Hamid A, Masood A, Hamid R
(2013). Isolation and antiproliferative activity of Lotus
corniculatus lectin towards human tumour cell lines.
Phytomedicine
21:
30–38.
DOI
10.1016/j.
phymed.2013.08.005.
Ramdath DD, Padhi EMT, Sarfaraz S, Renwick S, Duncan AM
(2017). Beyond the cholesterol-lowering effect of soy
protein: A review of the effects of dietary soy and its
constituents on risk factors for cardiovascular disease.
Nutrients 9: 324. DOI 10.3390/nu9040324.
Richa A, Kristin W (2015). Cell death in development: Signaling
pathways and core mechanisms. Seminars Cell Developmental
Biology 39: 12–19. DOI 10.1016/j.semcdb.2015.02.001.
Rohe I, Gobel TW, Goodarzi Boroojeni F, Zentek J (2017). Effect of
feeding soybean meal and differently processed peas on the
gut mucosal immune system of broilers. Poultry Science
96: 2064–2073. DOI 10.3382/ps/pew491.
Rouanet JM, Besançon P, Lafont J (1983). Effect of lectins from
leguminous seeds on rat duodenal enterokinase activity.
Experientia 39: 1356–1358. DOI 10.1007/BF01990102.
Safa AR (2019). Chapter 7—Cancer stem cells, apoptosis pathways and
mechanisms of death resistance. In: Dammacco F, Silvestris F
(eds.), Oncogenomics, pp. 89–101. Academic Press.
Safa Z, Abolghasem GA, Seyed A, Avisa A (2013). Effects of feeding
various levels of full fat soybean extruded at high temperature
on performance, serum components and intestinal morphology
of broiler chickens. Animal Production Science 55: 580–586.
Saha S, Panigrahi DP, Patil S, Bhutia SK (2018). Autophagy in health
and disease: A comprehensive review. Biomedicine
Pharmacotherapy Biomedecine Pharmacotherapie 104: 485–
495. DOI 10.1016/j.biopha.2018.05.007.
Sahoo P (2015). Ricinus Agglutinin Induced Autophagy in
Glioblastoma Cells. Rourkela: Department of Life Science,
National institute of Technology, Rourkela.
Salgado P, Freire JPB, Mourato M, Cabral F, Toullec R, Lallès JP
(2002). Comparative effects of different legume protein
sources in weaned piglets: Nutrient digestibility, intestinal
morphology and digestive enzymes. Livestock Production
Science 74: 191–202. DOI 10.1016/S0301-6226(01)00297-4.
Savanur MA, Eligar SM, Pujari R, Chen C, Mahajan P, Borges A,
Shastry P, Ingle A, Kalraiya RD, Swamy BM, Rhodes JM,
Yu LG, Inamdar SR (2014). Sclerotium rolfsii lectin induces
stronger inhibition of proliferation in human breast cancer
cells than normal human mammary epithelial cells by
induction of cell apoptosis. PLoS One 9: e110107. DOI
10.1371/journal.pone.0110107.
Schulze H, van Leeuwen P, Verstegen MW, van den Berg JW (1995).
Dietary level and source of neutral detergent ﬁber and ileal
endogenous nitrogen ﬂow in pigs. Journal of Animal
Science 73: 441–448. DOI 10.2527/1995.732441x.
Shi Z, Li WW, Tang Y, Cheng LJ (2017). A novel molecular model of
plant lectin-induced programmed cell death in cancer.
Biological and Pharmaceutical Bulletin 40: 1625–1629. DOI
10.1248/bpb.b17-00363.
Shi Z, An N, Zhao S, Li X, Bao JK, Yue BS (2013). In silico analysis
of molecular mechanisms of legume lectin-induced
apoptosis in cancer cells. Cell Proliferation 46: 86–96. DOI
10.1111/cpr.12009.
Silva HC, LdS Pinto, Teixeira EH, Nascimento KS, Cavada BS, Silva
ALC (2014). BUL: A novel lectin from Bauhinia ungulata L.

ANTI-NUTRITIONAL MECHANISMS OF SOYBEAN AGGLUTININ

seeds with fungistatic and antiproliferative activities. Process
Biochemistry 49: 203–209. DOI 10.1016/j.procbio.2013.10.020.
Sina A, Proulx-Bonneau S, Roy A, Poliquin L, Cao J, Annabi B (2010).
The lectin concanavalin-A signals MT1-MMP catalytic
independent induction of COX-2 through an IKKγ/NF-κBdependent pathway. Journal of Cell Communication and
Signaling 4: 31–38. DOI 10.1007/s12079-009-0084-0.
Steven DH, Anant SB, Paul BB (2010). Soybean lectins and trypsin
inhibitors, but not oligosaccharides or the interactions of
factors, impact weight gain of rainbow trout (Oncorhynchus
mykiss). Aquaculture 306: 310–314. DOI 10.1016/j.
aquaculture.2010.03.027.
Su M, Mei Y, Sinha S (2013). Role of the crosstalk between autophagy
and apoptosis in cancer. Journal of Oncology 2013: 1–14. DOI
10.1155/2013/102735.
van der Poel AFB, Gravendeel S, van Kleef DJ, Jansman AJM, Kemp B
(1992). Tannin-containing fava beans (Vicia faba L.): Effects of
methods of processing on ileal digestibility of protein and
starch for growing pigs. Animal Feed Science and Technology
36: 205–214. DOI 10.1016/0377-8401(92)90057-D.
van Veelen W, Korsse SE, van de Laar L, Peppelenbosch MP (2011).
The long and winding road to rational treatment of cancer
associated with LKB1/AMPK/TSC/mTORC1 signaling.
Oncogene 30: 2289–2303. DOI 10.1038/onc.2010.630.
Vojdani A, Afar D, Vojdani E (2020). Reaction of lectin-speciﬁc
antibody with human tissue: Possible contributions to
autoimmunity. Journal of Immunology Research 2020: 1–
16. DOI 10.1155/2020/1438957.
Wang QL, Cui YH, Lin N, Pang SH (2019). Correlation of cardiomyocyte
apoptosis with duration of hypertension, severity of hypertension
and caspase‐3 expression in hypertensive rats. Experimental and
Therapeutic Medicine 17: 2741–2745.
Wilson RP, Poe WE (1985). Effects of feeding soybean meal with
varying trypsin inhibitor activities on growth of ﬁngerling
channel catﬁsh. Aquaculture 46: 19–25. DOI 10.1016/00448486(85)90171-1.
Wu J, Zhou Y, Yuan Z, Yi J, Chen J, Wang N, Tian Y (2018).
Crosstalk between autophagy and apoptosis modulates T-2

459

toxin-induced toxicity in liver cells. Preprints 2018100034.
DOI 10.20944/preprints201810.0034.v1.
Xiao Y, Zhang S, Tong H, Shi S (2018). Comprehensive evaluation of
the role of soy and isoﬂavone supplementation in humans
and animals over the past two decades. Phytotherapy
Research 32: 384–394. DOI 10.1002/ptr.5966.
Yan Q, Li Y, Jiang Z, Sun Y, Zhu L, Ding Z (2009). Antiproliferation
and apoptosis of human tumor cell lines by a lectin (AMML)
of Astragalus mongholicus. Phytomedicine 16: 586–593. DOI
10.1016/j.phymed.2008.12.024.
Yang ZJ, Chee CE, Huang S, Sinicrope FA (2011). The role of
autophagy in cancer: Therapeutic implications. Molecular
Cancer Therapeutics 10: 1533–1541. DOI 10.1158/15357163.MCT-11-0047.
Yau T, Dan X, Ng CCW, Ng TB (2015). Lectins with potential for
anti-cancer therapy. Molecules 20: 3791–3810. DOI
10.3390/molecules20033791.
Zang J, Li D, Piao X, Tang S (2006). Effects of soybean agglutinin on body
composition and organ weights in rats. Archives of Animal
Nutrition 60: 245–253. DOI 10.1080/17450390600679082.
Zeng R, Chen Y, Zhao S, Cui GH (2012). Autophagy counteracts
apoptosis in human multiple myeloma cells exposed to
oridonin in vitro via regulating intracellular ROS and
SIRT1. Acta Pharmacologica Sinica 33: 91–100. DOI
10.1038/aps.2011.143.
Zhang H, Gong Y, Wang Z, Jiang L, Chen R, Fan X, Zhu H, Han L, Li
X, Xiao J, Kong X (2014). Apelin inhibits the proliferation
and migration of rat PASMCs via the activation of
PI3K/Akt/mTOR signal and the inhibition of autophagy
under hypoxia. Journal of Cellular and Molecular Medicine
18: 542–553. DOI 10.1111/jcmm.12208.
Zhao Y, Qin G, Sun Z, Che D, Bao N, Zhang X (2011). Effects of
soybean agglutinin on intestinal barrier permeability and
tight junction protein expression in weaned piglets.
International Journal of Molecular Sciences 12: 8502–8512.
DOI 10.3390/ijms12128502.

