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HIGHLIGHTS
e Leguminous lectins are proteins found in various parts of leguminous plants.
e Leguminous lectins are versatile in the carbohydrate binding specificity.
e Leguminous lectins have antimicrobial, antioxidant and antiproliferative features.

¢ Leguminous lectins are promising molecules for the design of new drugs.

Abstract: Lectins were discovered first in plants and later in other living things, and nowadays it is known
that they are present in almost all many life forms. These proteins can bind to specific carbohydrates, which
make them perform a number of biological activities and can be used as tools in the study of glycoconjugate
structures present on the cell surface, being effective in medical research. Plant lectins, leguminosae lectins
particularly, are among the most studied plant proteins. They are very versatile molecules, which show
several interesting biological properties. Thus, the present paper reviewed the advances about the
leguminosae lectins biological properties studies in the last ten years, taking into account their possible
applications in the fields of Clinical Microbiology, Pharmacy and Cancerology through a search in the
electronic databases, providing opportunity to exchange information about the theme. Leguminosae lectins
can neutralize pathogenic organisms, be they viruses, prokaryotes and eukaryotes, in addition carcinogenic
cells, besides decreasing oxidative stress, conditions which increases the possibility of alternative
substances for the design of new drugs to be used in current therapeutic, expanding the possibilities of
diseases cure.
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INTRODUCTION

Lectins are a heterogeneous group of proteins that were first discovered in plants and subsequently in
other living things such as microorganisms and humans [1]. They have non-immune origin [2] and at least
one non-catalytic binding domain that interacts reversibly with carbohydrates in the form of specific mono-
and oligosaccharides without altering their structure [3]. These proteins have a remarkable diversity of
specificity to carbohydrates, as well as specificity of recognition and binding to them [4]. The affinity to
carbohydrate allows them to bind to glycoconjugates in cell surfaces, being able to promote cell agglutination,
recognition or information modulation [5]. Thus, with these features, lectins can be used as tools in medical
research [6].

Infectious and non-infectious diseases have always been present since the dawn of humanity, and
necessitate constant research to find a cure or increase the life expectancy of patients. Considering the
various diseases and the infectious agents beside its consequences, which affect the human species, the
medical research is growing increasingly, paying attention to the need to search for biorecognition molecules
from natural sources, for diagnosis and treatment [7]. For many years, the humanity has used plants as
source of medicine [8]. Indeed, plants are endowed with chemical compounds that can have therapeutic
action.

Leguminosae is a well-known plant family with cosmopolitan distribution and morphological,
physiological and ecologically diverse, which represents one of the most spectacular examples of plant
evolutionary diversification [9]. Leguminosae lectins form a large group of homologous proteins found in
seeds and other leguminosae plants structures, and they are versatile in the carbohydrate binding specificity
[10]. In leguminosae seeds, the amounts of these proteins are generally similar to those present in other
tissues of the same plant [11].

Leguminosae lectins have constantly been theme in studies [12]. Thus, the present paper made a review
with systematic intention about the advances in last ten years concerning studies of leguminosae lectins
biological properties, taking into consideration the fields of Clinical Microbiology, Pharmacy and Cancerology,
important areas of medical research, to assist the information exchange about the state of studies about
lectins, and boost future clinical investigations.

MATERIAL AND METHODS

To elaborate this review paper, a search for articles was made on the electronic databases Medline
(PubMed), ScienceDirect, Scopus, Google Scholar and Scielo using the key search terms: “lectins”,
“leguminosae lectins”, “antiproliferative leguminosae lectins”, “anticancer leguminosae lectins”, “antifungal
leguminosae lectins”, “antibacterial leguminosae lectins”, “antioxidant leguminosae lectins”, “leguminosae
lectins and oxidative stress”. The inclusion criteria of articles used in construction this review were: (i) the
period of publication, being selected published articles between 2010 and 2019; (ii) the studies with the
leguminosae lectins, which should be directed to antibacterial, antifungal, antiviral, antioxidant and
anticancer/antiproliferative properties; (iii) effectiveness of studied leguminosae lectins in relation to biological
activities covered by the aims this article. The results comprised a synthesis of statistical or narrative data of
the selected articles according to the mentioned criteria.

RESULTS
Applications of leguminosae lectins in medical research

Antibacterial activity

The use of antimicrobials to treat fungal and bacterial infections has greatly reduced mortality rates in
humans and animals [10]. However, pathogenic microorganisms, such as bacteria, can naturally acquire
resistance to these substances, and their uncontrolled use can accelerate the process [13]. Infectious
diseases are the leading cause of premature deaths. In recent years, the resistance of human pathogenic
bacteria to antimicrobials has been well reported, an alarming situation in both developing and developed
countries due to their indiscriminate use [14].
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Bacteria can also form biofilms, which are multicellular communities enclosed in a self-produced
polymeric matrix and capable of binding to surfaces, such as artificial joints, contact lenses, catheters, teeth
[15], which can cause serious health problems [16] because are involved in most bacterial infections in
humans [17]. So, the search for new compounds capable of eradicating them becomes important [18]. In
these cases, leguminosae lectins represent valuable instruments in the interaction study between
carbohydrates present in eukaryotic cells and pathogens, being useful for discovering the development of
infectious diseases and for developing of strategies for microbial control [19].

Lectin isolated from Crotalaria spectabilis Roth seeds agglutinates Leptospira interrogans and Leptospira
biflexa cells, and can be used for the diagnosis and treatment of leptospirosis [6]; and Bauhinia variegata L.
lectin seed (BVL) exhibit significant antibacterial effect on Pseudomonas aeroginosa, Staphylococcus
aureus, Escherichia coli and Bacillus subtilis, whose the diameters of inhibition zones were 20 mm, 18 mm,
20 mm and 18 mm for the four strains, respectively, by agar ditch diffusion method [14]. Acacia farnesiana
L. (Willd) lectin-like protein (AFAL) showed bacterioestatic effects in Xanthomonas axonopodis pv.
Passiflorae (Gram-negative) and Clavibacter michiganensis michiganensis (Gram-positive), reducing their
growth rate to 50% and the cell viability to 83.4% at concentration, for each strain, of 286.5 pg mL™* and 148.4
ug mL?, respectively [20]

The lectin isolated from Calliandra surinamensis Benth. leaf (CasulL) revealed bacteriostatic effect,
inhibiting Staphylococcus saprophyticcus and S. aureus growth; and was also able to reduce biofilm
formation by S. saprophyticcus (72% at 800 ug mL?) and S. aureus (non-exposed data), being a dose-
dependent effect for the first [21]; Apuleia leiocarpa (Vogel) J.F. Macbr. seed lectin (ApulSL) demonstrated
bacteriostatic effect on Bacillus subtilis, Bacillus cereus, Enterococcus faecalis, Micrococcus luteus,
Streptococcus pyogenes and S. aureus cells (Gram positive), whose Minimum Inhibitory Concentration (MIC)
ranged between 45.12 pug mL?* and 180.5 pg mL?; and in Xanthomonas campestris pv. campestris,
Xanthomonas campestris pv. viticola, Xanthomonas campestris pv. malvacearum, Klebsiella pneumoniae,
Escherichia coli, Pseudomonas aeruginosa and Salmonella enteritidis (Gram-negative), whose MIC ranged
between 11.12 ug mL? and 180.5 pug mL?, and it was bactericidal only against three pathovars of X.
campestris [22].

In the work by Klafe and coauthors [23], three variants of B. variegata lectin | (BVL-l) — one from plant
seeds and the other two, recombinants produced by Pichia pastoris and E. coli, inhibited the initial adhesion
of oral bacteria in an in vitro model of biofilm formation and bacterial adhesion in a dose-dependent manner.
The seed BVL-I inhibited the adhesion in 86% (200 pug mL™?) of Staphylococcus mutans and Streptococcus
sanguinis; BVL-I produced by P. pastoris blocked the adhesion of S. mutans in 43% (10 ug mL™), 65% (100
pug mL1) and 74% (200 pg mL1), and of S. sanguinis in 47% (10 ug mL1), 68% (100 pg mL?), and 77% (200
ug mLY). Data for E. coli weren’t exposed.

The antibacterial activity of Parkia platycephala lectin (PPL) was evaluated against S. aureus, E. coli and
P. aeruginosa and for all of them, the MIC was = 1.024 ug mL™, not being considered relevant clinically,
because MIC values greater than 1 ug mL* don’t have direct antibacterial activity in clinical practice.
However, PPL increased the antibiotic gentamicin activity against S. aureus and E. coli, reducing the MIC
from 64 to 25.4 yg mL?, and from 32 to 20.2 ug mL?, respectively. These values correspond to a reduction
of 36.9% and 61.0% in the amount of gentamicin needed to have the same effect for each strain, respectively.
On the other hand, PPL showed no significant effect on the modulation of gentamicin activity against P.
aeruginosa, probably due to the bacterial extracellular polysaccharides, which form an extra barrier against
the influx of drugs [24].

Lectins from seeds of Pisum sativum L. (PSA), Lens culinaris Medik. (LCA) and Canavalia ensiformis L.
(DC.) (ConA) exert bacteriostatic effect against S. aureus, B. subtilis, E. coli and P. aeruginosa cells, with
diameter of zone of inhibition ranged between of 7.36 + 0.45 and 16.26 + 0.72 and MIC of 1 mg mL? for all
of them [25]. Zihua snap bean, a Phaseolus vulgaris L. variety distributed in Chinese northeast, has a lectin
which exhibits antibacterial activity in a bacteriostatic way too against S. aureus, E. coli, and B. subtilis, and
the inhibition halo diameter was concentration-dependent [26], and a lectin from Tamarindus indica seeds
(EMLtLG), in a preliminary study, showed more capability to agglutinate Salmonella typhimurium and S. aureus
[27].

Bacterial cell surfaces are lined with diverse and abundant carbohydrates such as lipopolysaccharides
and peptide glycans. The streptococcal bacteria capsule is formed by mannose and glycosidic residues, for
example. From this assumption, the interaction between lectins and glycoconjugates on the bacterial surface
can agglutinate cells and inhibit their growth [28], as well as adhesion to surfaces, which also influences
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biofilm formation [18, 23]. So, leguminosae lectins have potential for the development of novel antimicrobials
for the treatment of bacterial infections.

Antifungal activity

Advances in therapy have considerably increased the survival of patients who have impaired immune
system function, and risk factors accumulate, favoring the progression of other diseases, such as those
caused by fungi [29]. Just like bacteria, fungi that cause these infections can also acquire antimicrobial
resistance when antimicrobial are misused, and lectins from leguminosae plants have shown to be effective
against clinically important fungi.

Fungi are also a threat to important commercial plants, because their infections significantly reduce
guality and yield, often leading to the loss of the whole plant [30], added to the fact that some of these fungi
can infect humans depending on the circumstances — host jump [31], making it is also necessary to search
for natural antimicrobials to combat these problems that can affect crops, and lectins with antifungal action
have attracted attention due to their ability to prevent pathogenic plant fungi [32].

The lectin C-25 isolated from Cicer arietinum L. possess antifungal activiy against Candida krusei,
Candida tropicalis and Candida parapsilosis, with values of MIC between 1.56 and 12.5 pg L. It also inhibits
the growth of fungal strains which are resistant and susceptible-dose dependent to fluconazole [33] and
reduces growth by 85% of C. krusei, and by 81% of Fusarium oxysporum [34]. Archidendron jiringa (Jack)
I.C. Nielsen seeds lectin (AJL) was also tested for its antimicrobial activity against Candida albicans,
Exserohilum turcicum, F. oxysporum and Colletotrichum cassiicola [35]. The latter causes
phaeohyphomycosis, an opportunistic ill which infects humans including superficial, cutaneous and
subcutaneous infection [36].

Bauhinia ungulata L. seeds lectin (BUL) was able to reduce the radial growth of Fusarium solani and
Fusarium moniliform by 40 and 30%, respectively [37]. Fungi of Aspergillus genus are the most common
associated to fruit rot during storage, but can also cause aspergillosis in humans [38]. In a study with protein
from seeds native Amazonian plants, Ramos and coauthors [39] identified lectin in Dimorphandra parviflora
Benth., whose extract showed action against the fungi Aspergillus favus and Aspergillus niger. Candida fungi
are among the most isolated in clinical mycology laboratories [40]. Although they are part of the human
microbiota, they can cause opportunistic infections [41], being a health problem, especially for
immunocompromised patients. The CasuL, lectin isolated from C. surinamensis leaf was tested against C.
krusei showed sensitivity to it, with drastic morphological changes, retraction of cytoplasmic content and cell
disruption [21]

Fusarium fungi affect plants, but can cause opportunistic infections in humans. Swartzia longistipitata
Ducke lectin showed antimicrobial activity against F. oxysporum [39]. The lectins of P. vulgaries (hamed PL
by authors) and Glycine max (L.) Merr. (hamed LG by authors) were tested against this same fungus and LP
was the most potent among the tested compounds, with ECs of 5058 mg L, 4872 mg L™ and 3617 mg L™,
after 48 h, 72 h and 120 h, respectively. In contrast, the LG was the lowest active, with ECsp of 13982 mg L
1,9449 mg L and 5635 mg L* after 48 h, 72 h and 120 h against the same fungus [42].

Lunatin, a Phaseolus lunatus Billb. ex Beurl. lectin inhibited the growth of fungi Pythium aphanidermatum,
F. solani, F. oxysporum, and Botrytis cinereal, and this inhibition was concentration-depending (not-shown
data) [30]. Phaseolus vulgaris ‘Chinese Pinto Beans’ lectin (CPBL) inhibited the mycelium growth of Valsa
mali by 30.6% at 30 puM [43]. Gomes and coauthors [44] verified the Dioclea rostrata (DRL), Canavalia
brasiliensis (ConBr) and Dioclea violacea (Dviol) lectins antifungal activity against isolated fungi from vaginal
secretions. Four of the isolates, Candida guilliermondii (URM4975), Candida shehatae (URM4978), Candida
membranaefaciens (URM4983) and Kloeckera apiculata (URsilvM5002) were sensitive to the three lectins,
with average geometric concentrations ranging from 2 a 256 pug mL?,

A likely way which the lectins can act against fungi is by pelleting their cells when dealing with yeast
forms [45] or by promoting membrane permeability of their spores [41]. Another approach is based on the
fact that many plant lectins can be chitinase-like proteins that act by breaking chitin glycosidic bonds and
breaking down the fungal cell wall [46], which is mainly composed by the chitin polysaccharide [47]. Thus,
spore germination is compromised and the microorganism cannot develop [34]. Therefore, from the exposed
results, we can reaffirm that leguminosae lectins have potential for the development of novel antimicrobials
for the treatment of fungal infections.
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Antiviral activity

Compounds with antiviral activity are of great medical interest [48] because many life-threatening human
diseases are caused by viruses and, although taxonomic and genetically distinct, they have the same basic
molecular structure [49]. There are still few studies that address the use of legume lectins in the antiviral
approach, when compared to studies that relate bacteria or fungi, and these proteins can be also used in the
development of biosensors.

A study evaluated ConA, LCA and peanut agglutinin (PNA) antiviral activity and they showed action
against human parainfluenza virus type 2 (hPIV-2). The three lectins inhibited partly hPIV-2 RNA, and largely
its protein syntheses, as well as prevented viral entry into cells by binding to the cell surface lectin receptors
[50]. The affinity of proteins in the envelope or viral capsid for receptors on the cell surface is a common
mechanism for the recognition and viruses entry into host cells [51], and a way to prevent the establishment
of infection can be done through molecules that bind to the virus and prevent the carbohydrate-mediated viral
adsorption with the host cell until the immune response develops [52]. Lectins can bind to virus envelope
glycoprotein glycans [53] playing an important role in preventing viral transmission and penetration into host
cells. Sugar-binding proteins can crosslink sugars on the viral surface and prevent further interactions with
co-receptors [48]. Lectins may also inhibit reverse transcriptase from HIV-1, such as Pisum sativum Green
Split Peas lectin, with 1Cso of 2 uM [54]; P. vulgaris of the Extralong Autumn Purple Bean lectin (EAPL), with
ICs0 of 1.8 uM [55]; and French bean lectin, with 1Cso of 2 yM [56]. The mechanism of action through which
lectins are able to inhibit reverse transcriptase is not well known or is inconclusive, since no reports have
been found in the literature.

Gondim and coauthors [57] verified the lectins of Canavalia brasiliensis (ConBr), Canavalia maritima
(ConM), Dioclea lasiocarpa (DLasiL) and Dioclea sclerocarpa (DSclerL) were promising in their antiviral
activity, having been tested against Influenza A (HIN1 and H3N2), Influenza B virus, HIV-1, HIV-2 and
Respiratory Syncytial Virus (RSV), that cause infections in humans. The lectins exhibited ECsg values in the
nanomolar range, being DSclerL and DLasiL of 9 nM to 46 nM for HIV-1 and RSV, respectively, and DSclerL,
ConBr and ConM showed ECso values that varied from 0.4 to 6 nM against HLN1, H3N2 and Influenza B
Virus. For HIV, the evidence pointed to blocking its entry into target cells as a mechanism of these lectins
with antiviral action.

The use of lectins in the development of biosensors for infectious diseases clinical diagnosis such as
viruses has also been described, as is the case of lectin isolated from Cratylia mollis Mart. ex. Benth. Seeds
(CramolLL), used in the development of an electrochemical biosensor for detection of abnormal glycoproteins
and thus of dengue virus (DENV) serotypes in the serum of possibly contaminated patients. [58]. Another
study provided experimental evidence to maintain that at pH 7.2, DENV particles are immobilized by ConA
as a result of specific recognition of glycosylated residues of viral protein E and the ConA mannose binding
site, with this adhesion being more selective when protein is part of the viral structure than it is free in solution
[59]. The use of lectins in the diagnosis of viruses is interesting and it can eliminate the need for antibodies,
reducing financial costs [60]. A gold nanoparticles-polyaniline hybrid composite (AuNpPANI) for the
immobilization of Bauhinia monandra lectin (BmoLL) was more one sensitive and selective biosensor which
has also been successfully developed for dengue serotyping. The AuNpPANI-BmoLL was able to detect
glycoproteins from three DENV serotypes with a high specificity degree [61].

Biosensors are analytical devices that incorporate a biological sensor element and convert a response
into an electrical signal [62]. Thus, the integration of biology with electronic vision and computer technology
broadened the horizons of research for greater sensitivity and precision [63], since biosensors have potential
uses cover from medical diagnostics to drug discovery, besides food safety, process control and
environmental monitoring, for defense and security applications [64]

Antioxidant activity

Eukaryatic cells produce energy in the form of adenosine triphosphate (ATP) mainly, through metabolic
pathways, such as the Krebs cycle and the electron transport chain, which lead to the ultimate reduction of
molecular oxygen (O). The operation of metabolic pathways generates reactive oxygen species (ROS),
leading to free radical synthesis [65]. However, excessive synthesis of ROS promotes oxidative stress, which
can damage cellular components and cause dysfunctions [66], a factor already confirmed as contributing to
the pathogenesis and pathophysiology of many chronic health problems [67].

Thus, inhibition of free radical formation provides a therapeutic strategy to prevent oxidative stress.
Antioxidants may act in different ways, inhibiting the formation of reactive oxygen species, sequestering free
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radicals, or increasing enzyme defense capacity [68]. The body has natural defenses against oxidative stress,
but exogenous antioxidants present in foods, such as protein amino acids, can help in the process [66].
Studies addressing the antioxidant activity of leguminosae lectins are scarce, but in the literature some of
them have been described with potential property.

Some methods that evaluate antioxidant activity of compound are available, such as 2,2-diphenyl-1-
picrylnydraz (DPPH) and 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)33 (ABTS) Radical
Scavenging Methods, which are most commonly used. The in vitro antioxidant activity of lectin from C.
arietinum seeds was evaluated by the DPPH radical capture method and presented ICso of 0.88 ug mL™?,
higher than when ascorbic acid, antioxidant used as standard, whose value of ICsowas 0.52 ug mL? [34].

Lima bean (Phaseolus lunatus L. var. Cascavel) lectin exhibited relevant antioxidant action because it
showed ICs of 4.38 mg mL™* and 0.21 mg mL*for the DPPH and ABTS radical capture methods, respectively,
when compared to the antioxidant activity of ascorbic acid, which was used as standard [69]. The lectin
isolated from Lablab purpureus (L.) Sweet seed was submitted to the antioxidant activity test by the DPPH
radical method with ICso value of 11.43 mg mL[70].

Two mechanisms generally stabilize free radicals: transfer of a hydrogen atom or an electron to the
radical [71]. Amino acids, protein-forming units, such as tyrosine and cysteine may explain the antioxidant
action of lectins for the sequestration of ABTS and DPPH radicals. Tyrosine has a hydroxyl in its side chain,
and cysteine a thiol group, which can donate hydrogen to radicals.

Pinto and coauthors [72] showed that Mucuna pruriens lectin (MpLec) demonstrated gastroprotective
effects on ethanol-induced lesions in mice and prevented gastric oxidative damage, improving total
antioxidant capacity and the integrity of cell membranes, as well as reducing lipid peroxidation. Levels of
reduced glutathione peroxidase (GSH) and superoxide dismutase (SOD) increased in the gastric tissues of
mice treated with MpLec (0,1 mg kg™) compared to untreated animals (control). Levels of malondialdehyde
(MDA) decreased after treatment with MpLec (0,1 mg kg™). MDA is an indicator of lipid peroxidation [73].
GSH has a cytoprotective function as a reducer and cofactor of certain antioxidant enzymes, a role of
particular importance against oxidative stress [74], and SOD quickly converts the superoxide anion (O?) to
hydrogen peroxide (H205) [75].

The generation of ROS in rats with Acute Kidney Injury (AKI) induced by Renal Ischemia/Reperfusion
(IR) has been reduced by the administration of DVL, indicating that the administration of DVL can have a
powerful effect in improving IR renal dysfunction [76]. Renal cells rich in mitochondria, which makes the
kidneys highly vulnerable to damage caused by oxidative stress [77].

A lectin from Pterocarpus soyauxii Taub Seeds (PSSL) had his antioxidant potential tested using the
methods: ability to scavenge DPPH radicals; to chelate metals and to inhibit lipid peroxidation. The tests
showed that the PSSL has antioxidant activity in a dose-dependent manner, with ICso of 0,14 + 1,33 mg ml
1,3,40 + 0,37 mg mlt e 0,50 + 0,08 mg ml* for each of the methods, respectively [78]. Pterocarpus osus
Craib. lectin (POSL) also demonstrated antioxidant activity with 1Cso of 1.17 + 0.08, 0.58 £ 0.03, and 2.51 +
0.03 mg/ml for, respectively, for DPPH radical scavenging, lipid peroxidation inhibition and ferric reducing
antioxidant potential assay [79].

Checking the chelating ability of protein is also a way of assessing its antioxidant potential, because
transition metals can promote oxidative damage to biological systems. Ferrous ions, for example, are soluble
in biological fluids and in the presence of oxygen or hydrogen peroxide, they generate harmful and deleterious
ROS [80]. The antioxidant activity of proteins can also be assessed using the lipid peroxidation inhibition test.
Lipids are responsible for maintaining the integrity of cell membranes, and an extensive peroxidation of them
can alter the membrane assembly, composition, structure and dynamics, in addition, it can promote the
formation of highly reactive lipid peroxides, which can also propagate the additional generation of ROS or
degrade into reactive compounds capable of cross-linking DNA and proteins [81]. Thus, drug design and
development of alternative compounds to classical drugs could identify novel therapeutics [72] and so, lectins
with antioxidant properties are potential pharmaceutical value tools.

Effect against cancerygen cells

Cancer develops when cell growth exceeds cell death following a loss in control of the fundamental
cellular checkpoints needed to maintain healthy tissue renewal. This uninhibited proliferative capacity follows
a deregulation in oncogenic expression that results in tumor formation [82]. This disease is a problem
responsible for high mortality worldwide, and this fact leads to the need to search for new drugs, especially
those that use new mechanisms of action, so that it is also possible to fight resistance [83]. In this case,
cancer research, is another possible use of leguminosae lectins, being this family a representing well-defined
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and non-traditional source of anticancer compounds, becoming in recent years important tools for
understanding various aspects related to the disease [84]. Since the first discovery about SBA, from soybean,
which it can have a therapeutic action regarding the Walker tumor, knowledge has accumulated about plant
lectins with anticarcinogenic activity; and the use of lectins in cancer research is gaining place [85].

Plant lectins may have anticancer properties and act as tools for early diagnosis and even as
nanostructures recognition agents that carry antitumor compounds in cancer cells [86]. Lectins may be
harmful to cancer cells, and this property may manifest through different mechanisms, usually initiated by
interaction with specific receptors, glycosylated or not, on the membrane of these cells [87]. In addition, lectins
also have potential as biomarkers, which can early detect malignant growth [88]. Through a study with
Bauhinia forficata lectin against human breast cancer MCF7 cells, it was found that the protein induces cell
death by inhibiting caspase-9, DNA fragmentation, resulting in cycle arrest in the G2/M phase, and reduced
expression of a1, a6 and (31 integrin subunits, preventing their adhesion to extracellular matrix components
such as laminin, fibronectin and type 1 collagen [89]. The CasuL was able to reduce the viability of K562 (I1Cso
of 67.04 + 5.78 ug mL?) and T47D (ICso of 58.75 + 2.5 pg mL™?) cells, chronic myeloid leukemia and human
mammary carcinoma, respectively [21], and BUL has shown activity against human colon adenocarcinoma
(HT-29) cells and inhibits 80% of cell growth viability at a concentration of 160 pg mL*[37].

Shi and coauthors [2] studied the ConA lectin anticancer effect, which induce apoptotic cell death in
MCF-7 human breast carcinoma cells via induction of nuclear apoptosis Factor kappa-light-chain-enhancer
of activated B cells (Nuclear Factor Kapa B, NF-k B), Signal-regulated Extracellular Kinases (ERK) and c-
Jun N down-regulation kinases (c-Jun n-Terminal kinase, JNK), cell division regulatory protein complexes;
and via p53 and p21, proteins involved with apoptosis process and cell cycle regulation, respectively. The
same researchers tested Sophora flavescens Ailton lectin (SFL), in MCF-7 human breast carcinoma cells
and it reduced the expression of NF-kB and ERK, and increases p53 protein expression. It also triggers cell
cycle arrest in the G2/M phase, increasing p21 protein expression and reducing regulation. These lectins
also have an in vivo effect because they decreased the volume and weight of subcutaneous tumor in rats.

Gondim and coauthors [90] demonstrated that ConBr, ConM, DSclerL and DLasiL exhibit potential
activity on a variety of breast, lung, ovarian and prostate cancer cell lines. A lectin from Phaseolus vulgaris
L. ‘French bean number 35’ induce apoptosis in MCF-7 cells [91]; and a polygalacturonic acid—specific lectin,
named BTKL, isolated from seeds of Phaseolus vulgaris L. “Blue tiger king”, exerted a potent antiproliferative
action on Hep G2 cells [92]; and Phaseolus vulgaris L. ‘Green Dragon number 8 beans contain a
glucosamine-binding lectin that could inhibit nasopharyngeal carcinoma HONEZ1 cells after treatment for 24
h (ICso = 62.3 uM), 48 h (ICsp = 31.6 uM), and 72 h (ICso = 28.7 uM), preventing the cells from dividing and
kept them at the G2/M phase. It also had an effect on nasopharyngeal carcinoma CNEZ2 cells, after 24 and
48 h treatment [93]. The EAPL showed antitumor activity against nasopharyngeal carcinoma (CNE-1, CNE-
2, HNE-2) cell lines, breast cancer cells (MCF-7) e hepatocellular carcinoma (HepG2), inhibiting their
proliferation in a dose dependent manner. The test done on HepG2 showed the EAPL induced apoptosis in
this strain, which was shown to be the most sensitive to the action of lectin [55]; French bean lectin also
reduced the viability of MCF-7 (IC50 of 2 uM) and HepG2 (100 uM) cells.

Lotus corniculatus lectin (LCL), from pods, showed strong antiproliferative activity against human
leukemic (THP-1) cancer cells, lung cancer (HOP62) cells and colon cancer cell (HCT116), with ICso of 39
ug mLt and 50 ug mL? e 60 pg mL?, respectively. Besides that, LCL inhibited, in a dose-dependent manner,
the migration of THP-1 cells, which is a stage in metastases [94]. ConA (ICso of 3 ug mL*) and ConBr lectins
(ICso of 20 pg mLt) induce cell death in human leukemia MOLT-4 and HL-60 cell lines and promote apoptosis
with DNA fragmentation, mitochondrial depolarization and increased ROS production, in addition to a DNA
damage rate greater than 80% in cells [95].

Another lectin with significant activity on cancer cells is Erophaca baetica (L.) Boiss. seed isolate, which
had an inhibitory effect of 50% on the proliferation of human leukemic THP-1 cells at a concentration of 12
ug mL? [12]. A lectin from the seeds of the medicinal plant Pisum fulvum Sibth. & Sm. was examined for
activity anticancer against colorectal adenocarcinoma (Caco-2), HepG2, MCF7 and laryngeal carcinoma
(Hep-2 cells) and the lectin was more potent against HepG2 cells with inhibition percentages ranged from
68.45% to 90.98%. Treated HepG2 cells with lectin showed obvious nuclear condensation after 48 h of
treatment with ability to down-regulate the expression of BCL2 and BAX genes and to up-regulate the
expression of Ikab gene, that promote the inhibition of NF-kB inflammatory pathway [96].

Lunatin exerted antiproliferative activity on K562 leukemia cells, inhibiting their proliferation (ICso = 15
mM) and inducing morphological abnormalities [32]. CPBL exhibited moderate antiproliferative activity
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against nasopharyngeal carcinoma cells (HONE-1) in a dose and time dependent manner, with after
incubation for 24 h (ICso of 30.8 uM) and 48 h (ICso of 17.3 pM) [43].

Panda and coauthors [3] showed that lectin of soybean (SBL) have cytotoxic effect on cervical cancer
(HeLa), oral cancer (Hep2), HepG2, breast cancer (MDA MB 231) and glioblastoma (U373) MG cell lines,
with 1Csp of 60.13 + 3.5, 20.8 + 1.2, 40.6 + 6.1, 40.1 £ 7.7, 51.0 £ 7.8 pg/ml, respectively, in a dose and time
dependent manner too. In the same work, the authors verified the therapeutic efficacy in mice with Dalton's
lymphoma (DL) and saw a significant reduction in the volume of abdominal fluid and in the number of DL
cells in the animals treated with SBL in comparison with the control mice, with a reduction in the survival of
cancer cells of 74,51 + 3,5% and 82,95 + 5,8% on the 10th day for doses of 1 and 2 mg kg™ respectively.
Dalton's lymphoma is widely used as a model for cancer research, in the preclinical system in the evaluation
of new or known drugs in the treatment of various types of cancer, because it is already well characterized,
reproducible and established, and has been the basis drug development. [97]

ConBr had its effect tested on B16F10 murine melanoma cells and inhibited cell growth in a dose-
dependent manner. After incubated at a concentration of 10 ug mLwith the cells, for 24 h, it inhibited about
76% of cell growth. ConBr also induced NO and IL-12 synthesis [98]. Murine is the most used preclinical
model for the study of melanoma, due to its ubiquity in addition to its facility of manipulation and availability,
as well as the existing knowledge about its genetics [99].

Lectins of seeds from Canavalia virosa (ConV) [100], Dioclea lasiophylla (DlyL) [101] and Dioclea
violacea (DLV) [102] induced toxicity in rats C6 glioma cells, promoting morphological cell changes, from
adherent to spherical, as well as alteration in the mitochondrial membrane potential. In the DVL assay, debris
characteristic of extracellular matrix degradation was also observed. The cellular response was dependent
on its concentration and the incubation period. The induction of cell death was mainly in the highest
concentrations and in the longest incubation periods — 100 ug mL™* after 48 h for the three lectins. The C6
mouse glioma model is one of the most used experimental models in neuro-oncology to study the growth
and invasion of high-grade gliomas, as it resembles human GBM better than another model of rodent glioma,
including genetics [103]

The level of cytotoxicity of lectins is variable, and their potential for effective use as antitumor agents is
depending of their specificity to cancer cells [21], since glycosylation pattern changes between different cells
[104]. An extrinsic pathway is activated on the cell surface when a specific ligand binds to its receptor [105],
leading to apoptosis of malignant cells [2,55,91,95]. Apoptosis is a programmed cell death with different
biochemical and genetic pathways that plays a critical role in the development and balance of healthy tissues,
contributing to the elimination of unnecessary and unwanted body problems [106].

CONCLUSIONS

Since its discovery, plant lectins have been used as tools in medical research, and its study is growing.
The principle of their biological activities is based on the properties of recognition and interaction with specific
carbohydrates, which differentiate them from other proteins. Leguminosae lectins are versatile molecules that
can neutralize viruses, prokaryotic and eukaryotic cells, and decrease oxidative stress, which increases the
possibility of alternative substances for the design of new antimicrobial, antineoplastic and antioxidant drugs,
which could be used in current therapeutic, expanding the diseases cure possibilities. Leguminosae lectins
can also be used as biomarkers and instruments for the development of biosensors, useful in the illness
diagnosis such as cancer and viruses. Although in the current scenario of research with plant lectins is
stimulating, with promising results in relation to biological properties that have potential for application in the
field of human health, these molecules need further investigation, and additional tests are essential to verify
its mechanisms of action, toxicity in living systems, and establish efficacy, optimize dosage, administration
and bioavailability
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