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Abstract 

Concanavalin A (ConA), the most studied plant lectin, has been known as a potent anti-neoplastic agent for a long 
time. Since initial reports on its capacity to kill cancer cells, much attention has been devoted to unveiling the lectin’s 
exact molecular mechanism. It has been revealed that ConA can bind to several receptors on cancerous and normal 
cells and modulate the related signaling cascades. The most studied host receptor for ConA is MT1-MMP, responsi‑
ble for most of the lectin’s modulations, ranging from activating immune cells to killing tumor cells. In this study, in 
addition to studying the effect of ConA on signaling and immune cell function, we will focus on the most up-to-date 
advancements that unraveled the molecular mechanisms by which ConA can induce autophagy and apoptosis in 
various cancer cell types, where it has been found that P73 and JAK/STAT3 are the leading players. Moreover, we 
further discuss the main signaling molecules causing liver injury as the most significant side effect of the lectin injec‑
tion. Altogether, these findings may shed light on the complex signaling pathways controlling the diverse responses 
created via ConA treatment, thereby modulating these complex networks to create more potent lectin-based cancer 
therapy.
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Introduction
Advancements in cancer medicine have caused a 
descendence either in cancer occurrence or its mortal-
ity. However, it is still expected that the number of peo-
ple suffering malignancies will rise exponentially in the 
next few decades. Therefore, there will be an increasing 
desire to find new agents that address both diagnostic 

and therapeutic goals. As bioactive proteins, lectins are 
a central hub in this domain. Lectins are non-immune 
origin proteins possessing binding affinity toward glyco-
conjugates in a specific and reversible manner. In cancer 
biology, Lectins in the past have been exploited as the 
biological sensors detecting the degree of glycosylation 
in cancerous cells to distinguish between malignant and 
benign tumors [1–5]. The legume family of plant lectins 
is one of the most investigated classes because of their 
significant biological functions, and the best-representing 
lectin of this potent family is Concanavalin A (ConA).

At first, over 100  years ago, ConA deciphered as a 
defense glycoprotein from Jack bean Cannavalia Ensi-
formis. After that, ConA became the first legume lectin 
sequenced and crystallized, which revealed a monomeric 
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273 residue glycoprotein (Mw = 27KDa) with a second-
ary structure composed of β-sandwich strands that need 
metal ions for its suitable folding, stability, and function 
(Fig.  1). Also, α-D-Man, α-D-Glu, and β-D-Fru were 
among the most interactional moieties ConA tends 
toward. ConA, in terms of physiochemical properties, is 
classified as a stable lectin withstanding a broad range 
of pH (5–8) and temperatures (up to 60 °C) without loss 
of function. The environmental pH is the primary factor 
determining the oligomerization state of the lectin, where 
at the pH of 5.8–7, ConA has its biological native tetrava-
lent form. In contrast, the pH < 5.8 and > 7 have lower and 
higher valencies, respectively [6–9].

ConA is a renowned lectin with outstanding mito-
genicity, and similar to other plant lectins, it is naturally 
toxic. The glycan-binding capacity of lectins determines 
their mitogenicity, which relies on the lectin affinity for 
carbohydrates located on immune cell receptors. The 
lectin shows diverse biological functions based on its dif-
ferent sugar-binding affinity to distinct cell types. It dis-
criminates the normal and cancerous cells in  vitro and 
prevents tumor establishment in  vivo. In high concen-
trations, > 20  mg/g, it arouses autophagy on hepatoma 
cells (hepatocyte cytotoxic), while in low concentra-
tions, 1–10  mg/g, it activates lymphocytes (mitogenic). 
ConA can bind to several cellular receptors in differ-
ent cell types, leading to their clustering and tyrosine 
phosphorylation, then altering the activity of dozens of 

downstream effectors. Inducing autophagy and apop-
tosis, activating immune and stem cells, and inhibiting/
inducing angiogenesis are the most studied functions of 
the most studied lectin in plants, ConA [10–18]. Out-
standing anti-tumor functions alongside the cytotoxic 
manifestations have been appealing growing attempts 
toward developing modifications that mitigate ConA 
cytotoxicity. PEG modification, for example, potently 
declined its cytotoxicity. In addition, other approaches 
like site-directed mutagenesis of the lectin are develop-
ing, which enables generating a safer lectin for clinical 
implications without losing its competence [8, 9, 11]. 
Furthermore, little is known regarding the bioavailability 
of ConA which should be further investigated in future 
studies. This paper takes a more profound look at the 
signaling pathways modulated by different concentra-
tions of ConA in different cell types and/or contexts. Elu-
cidation of the whole molecular mechanisms controlling 
various cellular responses to ConA may open up a new 
perspective for its possible future clinical usage. If proven 
clinically safe, this could open novel avenues in lectin-
based cancer medicine.

ConA receptors
There are several cell surface receptors reported as the 
host receptors for ConA. However, the central signal 
transducer and the most studied receptor of ConA biol-
ogy is MT1-MMP (Membrane-Type Matrix Metallo-
Proteinase-1). It evidenced that the tumor cells benefit 
from MT1-MMPs since they cause a simpler metastasis 
and neovascularization by activating different MMPs 
[19–21]. MMPs are the zn2+-dependent proteases typi-
cally organized into three distinct classes: collagenases 
(MMP-1), gelatinases (MMP-2), and stromelysins 
(MMP-3). Most MMPs become activated through the 
cleavage by soluble MMPs or serine proteases. Con-
versely, the precursor of MMP-2, pro-MMP-2, is only 
susceptible to MT1-MMP [21–25]. The helical spots 
of collagen type- IV of the basement membrane are 
the substrate of MMP-2; that is why it is also named 
72 KDa type- IV collagenase [26]. MMP-2 secretes as 
a pro-enzyme in a complex with its inhibitor, tissue 
inhibitor of metalloproteinase-2 (TIMP-2). Forming a 
three-member complex is required to recognize pro-
MMP2 by MT1-MMP receptors. In this process, the 
N-terminus domain of TIMP-2 binds to the catalytic 
domain of MT1-MMP, while its C-terminus domain 
binds to its counterpart on the pro-MMP2 protein [24, 
27]. In addition to MMPs activation, MT1-MMP, in 
parallel, can stimulate a protease storm through acti-
vating the matripase serine proteases [28]. Matripase 
is a member of the s1 trypsin-like serine proteases, 
which mediates ECM degradation and angiogenesis 

Fig. 1  The 3-D structure of the native form of ConA monomer 
(1NLS) presents the jellyroll motif. ConA is the foremost characterized 
leguminous lectin as it is the first isolated lectin. Its monomer has a 
molecular rate of ~ 25 KDa, with 237 residues, arranging a canonical 
12-stranded β-sandwich structure. Of note, the oligomerization status 
of the lectin depends on the pH values. The green circle indicates 
the carbohydrate recognition domain (CRD) in which the involved 
residues are illustrated as sticks; the orange circle shows the metal 
binding site (MBS) interacting with two metal ions, Ca2+ (in green) 
and Mn2+ (in purple), that play a pivotal role in lectin stability
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by activating several downstream factors such as HGF 
and uPA. Moreover, Matripase has an autoprocess-
ing activity causing its degradation; so preventing this 
process entails forming a complex of a second protein; 
HAI-1 (hepatocyte growth factor activator inhibi-
tor-1) plays this role as TIMP-2 performs in inhibiting 
MMP-2 autocatalytic activity. Matripase-HAI-1 com-
plex accumulates in the cytoplasm and upon activation, 
the processed form of matripase translocates on the 
cell surface [28]. Furthermore, two other mechanisms 
by which MT1-MMP augments tumor progression are 
the shedding of the adhesion molecule CD44 and the 
cleavage of MHC-1 chain-related molecule A from the 
tumor cell surface, which makes them resistant to kill-
ing by NK (Natural Killer) cells. Hence, MT1-MMP as 
a sensor and an effector might act as a switch to decide 
whether ECM degradation occurs [29].

PZR (protein zero related-protein), another primary 
receptor of ConA, is a super-glycosylated type-I trans-
membrane receptor with unknown possibly ligands. It 
has been found that adherent cells rely on the tyros-
ine phosphorylation of PZR for their detachment and 
migration. The intracellular section of PZR bears two 
immunoreceptor tyrosine-based inhibition motifs 
(ITIMs) that are binding sites for protein tyrosine phos-
phatases like SHP-1, SHP-2, and SHIP, which promote 
the inhibitory function of ITIMs. Upon activation of 
PZR receptors, they oligomerize and evoke Src fam-
ily tyrosine kinases phosphorylating tyrosine amino 
acids of 241 and 263 in ITIMs, which recruit SHP-2. 
Whether the glycosylation profile of PZR is different in 
cancerous cells is not known yet, making it a precious 
target for modulation in the future [30, 31].

Beyond the two receptors mentioned above, it has 
been demonstrated that the biotinylated-ConA beads 
can pull down various RTKs (Receptor Tyrosine 
Kinases) involving INSR, IGFLR1, EGFR, and MET. 
It can also activate non-receptor RTKs such as PtdIns 
3-kinase, GAP-associated P62, and some Src family 
kinases, which all are over-expressed in various tumor 
cells [32, 33].

Additionally, agglutination activity of ConA primarily 
originates from its binding to the glycoprotein II b – III, 
a complex at the surface of platelets, which induces their 
clustering and then stimulates their tyrosine-phospho-
rylation that is different and stronger than that created 
naturally by thrombin [34].

ConA can also act as an agonist of TLR-2 and TLR-6 
(Toll-like receptor 2/6) trophic receptors and activate 
them in mesenchymal stem cells (MSCs), which leads 
to the up-regulation of Src and JAK/STAT3 signaling. It 
increases the transcription of colony-stimulating factors 
1/2/3 (CSF1/2/3) [35–38].

The molecular mechanisms of autophagy 
and apoptosis in cancer cells by ConA
In tumor cells, the expression level of RTKs is elevated, 
which also have a high proportion of β1,6-branched 
N-glycans. Unlike RTKs, growth-arrest receptors such as 
TGFβR1, TNFR1, and DR4, which have fewer N-glycan 
moieties, are down-regulated [39]. Therefore, in cancer-
ous cells, the downstream signaling pathways of RTKs 
such as Ras-ERK, PI3K, and mTOR are significant levers 
controlling cellular responses such as proliferation, dif-
ferentiation, motility, and survival or death to extracellu-
lar cues. As expected, most of these cells represent some 
degree of misregulation in these pathways [40].

ConA treatment predominantly targets PI3K/Akt sign-
aling in tumor cells, where it remarkably reduces the level 
of phosphorylated Akt without altering the total Akt in 
several avenues [41]. In one way, oligomeric ConA binds 
to RTKs and triggers their granulation in the lipid rafts, 
which obsolete the conformational changes required for 
their activation without altering their ligand-binding 
capacity; Also, RTKs are no longer able to phosphoryl-
ate and initiate their related signaling cascades (e.g., 
PI3K/Akt, MAPK/ERK, and mTOR). In another way, 
P73 inhibits Akt phosphorylation following activation by 
ConA through unclear mediators. In Hella cells, ConA 
up-regulates MEK/ERK signaling and represses PI3K/
Akt pathway. Furthermore, inhibition of Ras in PI3K/
Akt signaling, known as the regulatory step between 
these two pathways, contributes to the higher activation 
of MEK/ERK signaling due to abrogating its inhibitory 
effect on this pathway [39–42].

Many human malignancies have been identified as 
lacking P53 or functionally inactivated through muta-
tions. Several studies evidenced that ConA treatment 
selectively induces apoptosis in the cells with unfunc-
tional P53, whereas those having normal P53, cancer-
ous or not, are immune to the lethal features of ConA. 
In normal cells, indeed, without altering the P53 protein 
level, ConA induces its modification (like changing the 
phosphorylation status), which leads to P21/P27 induc-
tion and a transient cell-cycle arrest resulting in cellular 
repair [43]. Nonetheless, in the unfunctional-P53 cancer-
ous cells, P73 plays a prominent role in controlling the 
cell fate by modulating various pro-and anti-apoptotic 
factors such as P21, Bax, Foxo1a, Bim, and Akt. The P21 
induction might be P53-dependent or -independent and 
may bring about cell-cycle arrest both for pro-survival or 
pro-apoptotic purposes based on the type of stimuli [44, 
45]. Following the up-regulation of P21 via ConA treat-
ment, the inhibitory effect of CDK2 on Foxo1a, which 
is holding it in the cytoplasm, is blocked, leading to the 
nuclear localization of Foxo1a and subsequent activation 
of pro-apoptotic genes such as Fas, CD95, and Bid. The 
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notion that P53 is the primary regulator of cell response 
to ConA treatment is consistent with the observation 
that the constitutive expression of Akt in P53-null cells 
could not prevent ConA-induced apoptosis. However, 
the P53 expression in these cells creates a full-protection, 
indicating that transrepression of Foxo1a by P53 is more 
significant than its post-translational modification by Akt 
[43, 45].

Many studies documented an apoptosis stimulation 
in different cell types treated with ConA. For instance, 
in human melanoma A375 cells, it has been shown 
that ConA treatment induces mitochondrial caspase-
dependent apoptosis, where the up-regulation of cas-
pase-3 and -9 occurs after cytochrome c is released into 
the cytoplasm. A significant decrease in caspase-acti-
vated DNAse (ICAD) inhibitor was also detected [46]. 
Moreover, in several human leukemia cell lines, it has 
been displayed that ConA could trigger apoptosis with 
an intrinsic pathway at low concentrations (5 µg/ml). In 
comparison, it can drastically elevate ROS production 
only at high doses (50 µg/ml). It should be noted that the 
ROS levels are not the initial apoptosis-inducing factor 
[47]. Hence, increasing the mitochondrial permeabil-
ity and subsequent release of death factors were unre-
lated to the redox equilibrium or caspase-3 activation as 
the traditional mediators of apoptosis [40]. Instead, it is 
demonstrated that BNIP3, a BH-3 containing protein of 
the Bcl-2 family, mediates this event. It has a dual effect 
on the cell fate so that its cytoplasmic localization can 
suppress mTOR signaling, disturb pro-survival factors 
related to mitochondrial function (apoptosis), and pro-
voke LC3- II formation (autophagy). On the other hand, 
its nuclear localization can enhance the expression level 
of pro-survival genes to increase cell survival; the earlier 
induced as a result of stress conditions and the latter by 
hypoxia [48–50].

Likewise, several lines of evidence have suggested that 
ConA can trigger autophagy response primarily through 
enhancing JAK2/STAT3 signaling. The current evidence 
indicates that the NANOS1 protein is the first effector 
activated by ConA, a vital protein controlling cell migra-
tion via regulating the MT1-MMP mRNA and protein 
expression. Remarkably, the NANOS1 expression rate 
is also negatively regulated by the E-cadherin adhesion 
molecule level [51]. Of note, how ConA recruits the 
NANOS1 proteins is not yet known. However, NANOS1 
could significantly elevate the BNIP3 expression and 
cause its cytoplasmic localization once recruited. Upon 
the translocation, BNIP3 increases mitochondrial pore 
formation and interacts with LC3-I, which the latter 
lipidated to LC3- II and triggers autophagy by binding 
to autophagosomes [50]. To date, requiring any interac-
tion between MT1-MMP and JAK2 is unknown. Notably, 

autophagy and apoptosis are tied in many aspects; apop-
tosis might be modulated or elevated via autophagy. 
When it is hampered (e.g., in tumor cells), autophagy 
could commence cell death. Interestingly, it has been 
revealed that by inhibiting autophagy with its inhibitor 
3MA in Hella cells, ConA could not induce autophagy 
and was not able to perform apoptosis, suggesting the 
contributory role of autophagy in cancerous cells [42].

Studies using GFP fluorescent tags revealed that ConA 
could directly bring about hepatoma cell death in an 
autophagic manner. The bound-bead lectin could not 
induce LC3- II formation. The results showed that the 
lectin also needs to be internalized and then assembled 
on mitochondria to activate BNIP3, which is followed 
by disturbing the mitochondrial permeability, in turn, 
releasing some lethal factors to the cytoplasm/nucleus 
involving cytochrome c, AIF, and Endo G. Besides, 
BNIP3 activation also contributes to LC3- II formation 
which triggers autophagy. Confirming this, either bec-
lin-1 or the ATG5 siRNA but not LC3 siRNA failed to 
prevent ConA-induced cell death, proposing a BNIP3-
mediated mitochondria autophagy [48].

In addition to mitochondria and lysosomes as the 
principal initiators of apoptosis and autophagy, ER is 
also considered one of the leading originators of cell 
death. It acts as a sensor of cellular stress via modulat-
ing Ca2+ influx by G6PT (glucose-6-phosphate trans-
porter), which is a microsomal resident protein that 
acts as a pro-survival factor through an ATP-consuming 
process that contributes to Ca2+ sequestering from the 
cytosol to ER, so it can sense ATP or G6P depletion and 
begin cellular apoptosis [41]. The G6PT expression level 
is mainly high in many cancers, possibly because of its 
pleiotropic intracellular functions, which implied from 
this observation that its overexpression prevents the 
ConA-stimulated MMP-2 activation but does not repress 
the ConA-induced cell death. Also, it has been reported 
that the ConA treatment or MT1-MMP overexpression 
can lead to G6PT down-regulation [41]. The increased 
calcium influx mediated by this repression impedes the 
localization of MT1-MMP and subsequent activation of 
MMP-2, preventing tumor cell metastasis.

Hence, ConA modulates several downstream signaling 
pathways with a broad spectrum of consequences, from 
hindering tumor cell proliferation and triggering pro-
grammed cell death I/II to facilitating dead cell oblitera-
tion by the immune system (Fig. 2 and Tables 1 and 2). 
It could trigger apoptosis mainly by down-regulating Akt 
phosphorylation, but not in functional P53 tumor cells. 
However, ConA causes cancer cell death predominantly 
by inducing autophagy. It partially induces JAK/STAT 
signaling through some unknown mechanisms, result-
ing in BNIP3 expression and translocation. Then BNIP3 
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can carry on both the autophagy and apoptosis pro-
cesses. Scant plant lectins induce autophagy and apopto-
sis in targeted cells, making ConA a vigorous anti-cancer 
agent.

Molecular modulation of angiogenesis by ConA
By attracting MSCs and transforming them into tumor-
associated fibroblasts, metastatic cells can induce angio-
genesis, where MSCs secrete CSFs (colony-stimulating 
factors) [36]. Several studies have revealed that ConA 
could inhibit angiogenesis through the up-regulation of 
the COX-2 level (Tables 1 and 2). Reportedly, MT1-MMP 
is also the upstream regulator of the COX-2 inflammatory 
protein expression via KF-κB/IKK proteins as the primary 
mediators [52]. Two kinases of IKK-α and IKK-β plus reg-
ulatory subunit IKK-γ constitute the IKK complex, which 
is essential for all the inducible NF-κB signaling path-
ways [53]. In U87 glioma cells, different concentrations of 
ConA revealed a positive linear correlation between MT1-
MMP and COX-2 expression levels. Also, an inverse cor-
relation between the degree of Akt phosphorylation and 
COX-2 expression was observed, leading to angiogenesis 
inhibition. Studies also displayed that the NF-κB p50 and 
IKK-γ are mandatory for the ConA-mediated COX induc-
tion through the intracellular domain of MT1-MMP. In 
these cells, COX-2 overexpression induced by ConA also 

correlates with the GRP78 protein expression, an indicator 
of ER stress [53, 54].

Nevertheless, it should be noted that in an opposite 
report, angiogenesis stimulation by ConA has also been 
shown. It revealed that the ConA administration remark-
ably induces human endothelial cell proliferation and angi-
ogenesis via an Akt/ERK/cyclin D1 axis and augments the 
secretion of pro-angiogenic factors such as VEGFa PDG-
Faa, and bFGF. The pro-angiogenic effect of ConA has also 
been proved in the hind-limb ischemia mice, where ConA 
promoted fixing the ischemia hind-limb. However, the 
exact receptors responsible for this mitogenic/angiogenic 
effect remain to be further elucidated. These findings open 
a new insight on the ConA potential as an anti-neoplastic 
agent that might arise different responses in different cells, 
whether or not by modulating the same signaling pathways. 
Therefore, the lectin can even be used as an anti-athero-
sclerosis agent to repair myocardium in acute MI (myocar-
dial infarction) [55].

Molecular mechanisms of MMP‑2 production 
in fibroblasts by ConA
In tumor cells, the synthesis and secretion of MMP-2 and 
TIMP-2 are in charge of the neighboring stromal fibro-
blasts [56]. The secretory proteins of TIMP-2 have a dual 
influence on the MMP-2 activity; in low concentrations, 

Fig. 2  The illustration of the possible signaling circuits involved in MT1-MMP-mediated autophagy and apoptosis following ConA treatment. 
In the unfunctional-p53 tumor cells, ConA can induce P73, which leads to the translocation of FOXO transcription factors to the nucleus so that 
they can induce an apoptotic gene profile. Also, ConA can induce JAK/STAT-3, MAPK, and NF-κB signaling pathways, which all would carry on 
the autophagy and apoptosis processes by modulating some essential factors like inducing BNIP3 to exit from the nucleus and initiate both 
programmed cell death I and II. Moreover, via inhibiting the Akt signaling pathway, ConA can increase the cytoplasmic level of Ca2+, which results 
in the accumulation of unmatured MT1-MMP in the cytoplasm of cancer cells. In P53-containing cells, nevertheless, ConA activates p53 in a 
post-translational way to create a transient cell-cycle arrest, which will induce cellular DNA repair
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Table 1  Specific mechanisms and target effectors involved in the ConA-mediated- apoptotic or autophagic cell death, hepatitis, 
fibroblast activation, and angiogenesis (in vitro studies)

Cancer cell type ConA 
concentration 
(µg/ml)

Target(s) The specific mechanism(s) References

KK-47 bladder 0.2–20 DNA fragmentation, cytoskeleton 
reorganization

Inhibiting RNA synthesis [15]

U87 glioblastoma 30 LRP-1 LRP-1 down-regulation and mistraf‑
ficking, disrupt cytoskeleton integrity

[17]

Human melanoma A375 25 Caspase 9 and 3, cyto.c, ICAD, PARP Caspase-dependent apoptosis [18, 46]

Glioma cell lines (UWR2, UWR3, 
U2S1MG, and SNB-19)

100 Gelatinase A, MT1-MMP Inducing malignant progression by 
MT-MMP/MMP2 up-regulation

[21]

3Y1 5–20 c-Ras, MT1-MMP, MMP-2/9 c-Ras-dependent activation of the 
MMPs

[23]

U87 human glioma cells, COS-7 10 MT1-MMP, pro-MMP2 pro-MMP2 activation through the 
proteolytic activity of MT1-MMP

[24]

MDA-MB-231 20 proMT1-MMP Inhibiting MT1-MMP maturation by 
decreasing calcium levels

[25]

MDA-MB-231 20 MT1-MMP, proMMP2 Increase MMP2 levels by inducing 
tyrosine phosphorylation

[27]

HEK293T and HSC-4 30 MT1-MMP, HAI-1, Matripase Increase matriptase protease activity 
through the cleavage of HAI-1

[28]

Mesenchymal stromal cells(MSC) 30 MT1-MMP, STAT3 Increase COX2 expression via MT1-
MMP/JAK/STAT3 signaling

[29]

Bone marrow-derived dendritic cells 
(BMDC)

10 ALT, AST, IL-12, IFN-γ, P62 Increase the maturation of BMDCs 
by aberrant regulation of autophagy, 
thereby augmenting cytokine secre‑
tion

[33]

Mesenchymal stromal cells(MSC) 30 MT1-MMP, STAT3, Src Up-regulate CSF1-2-3 secretion 
through TLR-2/6 activation

[36]

HeLa, Caco-2, and A549 2–50 BAD, Bcl-2, CASP-3/9, AKT Inhibiting the receptor of tyrosine 
kinases by aggregating them in lipid 
rafts and inducing apoptosis

[39]

U87 glioblastoma 10 MT1-MMP, MMP2, G6PT, Akt Inhibiting G6PT and Akt by MT1-
MMP cytoplasmic domain, inducing 
apoptosis

[41]

HeLa 54 Beclin-1, LC3-I/II, Akt, MEK Inducing autophagy by activat‑
ing PI3K/Akt/mTOR and MEK/ERK 
pathways

[42]

SKOV3, MDAH041, SKP53, and TR9-7 15–20 FOXO1a, Bim, p53, p21, p27 Inducing apoptosis by activating 
FOXO1a-Bim signaling

[43]

MCF-7 and MCF-10A 1–100 Caspase 9 and 3, Cyto.c, Bax, Bid, 
Bcl-2, Bcl-XL, NF-κB, ERK, JNK, p53, p21, 
CDK-1/2

Inducing caspase-dependent apop‑
tosis

[44]

MDAH041, TR9-7, and SKOV3 15 Bax, Bcl2, p73, p21, Foxo1a, Bim, Akt Inducing p73-mediated apoptosis [45]

Human leukemia MOLT-4 and HL-60 1–200 DNA fragmentation, cytoskeleton 
reorganization

Inducing apoptosis [47]

ML-1, CT-26, Huh-7, and  HepG2 7.7–20 Beclin-1, ATG5, LC3-I/II, BNIP3, Akt, 
COX-4

Inducing BNIP3-mediated autophagy [48]

U87 glioblastoma 30 MT1-MMP, MMP2, NANOS1, BNIP3, 
STAT3, ATG-3/12/16L1/16L2, COX2, Akt

Inducing autophagy through the 
intracellular domain of MT1-MMP

[49–54]

Human umbilical vein endothelial and 
Ea.hy926 endothelial cells

0.3–3 Akt, ERK, p21, p27, p38, Cyclin D1, 
Cyclin E

Promoting angiogenesis through Akt/
ERK/Cyclin D1 axis

[55]

BALBlc 3T3 fibroblasts, human gingival 
fibroblasts  (HGF)

50 DNA fragmentation, cytoskeleton 
reorganization

Cell cycle arrest, inhibiting DNA and 
RNA synthesis

[56]

Human fibroblast and COS7 20–50 TIMP-2, SHP-2, ERK, p38, MMP2, Ras, 
SOS-1, Grb-2

SHP-2-mediated upregulation of TIMP-
2, thereby fibroblast proliferation

[57–59]

CD4+ T cells 10 IFN-γ, TNF-α, IL-4/6/10/12, STAT-1/3, 
p65

CD24 aggravates ConA-induced liver 
injury

[72]
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Table 1  (continued)

Cancer cell type ConA 
concentration 
(µg/ml)

Target(s) The specific mechanism(s) References

Liver mononuclear cells 10 IFN-γ, TNF-α, IL-4, FasL Va14 NKT Cells develop ConA-induced 
hepatitis through IL-4 production

[73]

ML-1, HuH-7, and Hep G2 20 LC3-I/II, Casp3, STAT3, MIF, BNIP3 Inducing STAT3-MIF-BNIP3-mediated 
autophagy in the hepatoma cells

[90, 91]

Table 2  Specific mechanisms and target effectors involved in the ConA-mediated- apoptotic or autophagic cell death, hepatitis, 
fibroblast activation, and angiogenesis (in vivo studies)

Experimental model(s) ConA concentration Target(s) The specific mechanism(s) References

C57BL/6 mice 20 mg/kg ALT, AST, IL-12, IFN-γ, P62 Increase the maturation of 
BMDCs by aberrant regulation of 
autophagy, thereby augmenting 
cytokine secretion

[33]

Balb/C mice. mice PBMC 10 mg/kg, 10 µg/ml TNF-α, IFN-γ, IL-6, NF-κB Increase inflammatory cytokines by 
TLR-2 stimulation

[37]

Breast carcinoma MCF-7 bearing 
nude mice

40 mg/kg Caspase 9 and 3, Cyto.c, Bax, Bid, 
Bcl-2, Bcl-XL, NF-κB, ERK, JNK, p53, 
p21, CDK-1/2

Inducing caspase-dependent 
apoptosis

[44]

Severe combined immune  defi‑
ciency (SCID) and BALB/c mice

7.7–20 mg/kg Beclin-1, ATG5, LC3-I/II, BNIP3, Akt, 
COX-4

Inducing BNIP3-mediated 
autophagy

[48]

Hind-limb ischaemic mice 10 mg/kg Akt, ERK, p21, p27, p38, Cyclin D1, 
Cyclin E

Promoting angiogenesis through 
Akt/ERK/Cyclin D1 axis

[55]

C57BL/6 mice 10–15 mg/kg IFN-γ, TNF-α, IL-2/6/10 Elevating tolerogenic state medi‑
ated by IL-10, Treg, and Kupffer cells

[66]

C57BL/6J, BALB/cJ mice 10–22 µg/g JAKs, STATs, SOCSs, p21, p53, Casp-3, 
Bcl-2, Bcl-XL

Inducing hepatitis via activating 
STAT3 signaling

[67]

BALB/c mice 0.05 mg/200 µL PBS ALT, AST, IFN-γ Inducing hepatitis by activating NK, 
NKT, CD4+ and CD8+ T cells

[68]

BALB/c mice 0.5 µg/0.5 ml PBS TNF-α, IL-4/10 Alleviation of liver injury by stimulat‑
ing anti-inflammatory cytokines

[69]

BALB/c mice 10–20 mg/kg IFN-γ, TNF-α, IL-4/6/10/12, STAT-1/3, 
p65

CD24 aggravates ConA-induced 
liver injury

[72]

C57BL/6 (B6) mice 25 and 37.5 mg/kg IFN-γ, TNF-α, IL-4, FasL Va14 NKT Cells develop ConA-
induced hepatitis through IL-4 
production

[73]

C57BL/6 mice 3 and 15 µg/g IFN-γ, TNF-α, IL-2/4/6/10/12 Differential effect of low and high 
dose ConA on cytokine profile

[74]

BALB/c and C57BL/6J mice 12 and 15 mg/kg STAT4, IL-12A/12B, FasL Inducing STAT4 activation in inflam‑
matory cells contributes to liver 
injury alleviation

[75]

C57/BL6 mice 10 and 12 µg/g ALT, AST, IL-22, IL-22R, STAT-1/3, 
ERK-1/2

Stimulating IL-22 contributes to 
hepatocyte survival by STAT3 activa‑
tion

[77]

BALB/c mice 10 and 20 mg/kg IFN-γ, TNF-α, IL-4/10 ConA treatment prevents hepatitis 
by inducing Tregs

[78]

C57BL/6 mice 20 mg/kg ALT, AST, IFN-γ, TNF-α, IL-6/17/1β, 
TGF-β

Inducing Kupffer cells through Th1-
type response mediates liver injury

[85]

BALB/c mice 10 mg/kg LC3-I/II, Casp3, STAT3, MIF, BNIP3 Inducing STAT3-MIF-BNIP3-medi‑
ated autophagy in the hepatoma 
cells

[90, 91]
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they act as mandatory adaptors in the proteolytic acti-
vation of pro-MMP-2, while in high amounts, they act 
such an inhibitor for the MMP-2 activation [57]. ConA 
stimulates MMP-2 expression in human fibroblasts and 
reciprocally decreases the TIMP expression. Further, it 
can directly augment collagenase synthesis to degrade 
ECM and elevate the synthesis of plasminogen activa-
tors in macrophages, stimulating collagenase synthesis 
through a positive loop [21, 58]. Experiments in domi-
nant-negative ras (S17N ras) 3Y1 cells demonstrated that 
c-Ras is pivotal for MMP-2 activation by MT1-MMP, 
where MT1-MMP expression was abolished in cells with 
the negative ras. Therefore, ConA treatment strengthens 
pro-MMP-2 in fibroblasts by activating a pre-existing 
pool of MT1-MMP, then boosting its transcription [24]. 
Even though the key factors determining the MT1-MMP 
pro-apoptotic or pro-survival signaling remain to be 
clarified, SHP2 (SH2 containing protein tyrosine phos-
phatase-2) induction might be an indispensable element. 
SHP2 is a tyrosine phosphatase primarily expressed in 
the cytoplasm and is known to up-regulate ERK and Akt 
mitogenic cascades. It forms a complex with the other 
constituents of the cascade (e.g., Grb-2 and SOS-1) and 
serves as a connector between growth factor receptors 
(tyrosine phosphorylation) and Ras-MAPK signaling 
[59, 60]. Intriguingly, an interaction between SHP2 and 
PZR receptors also deciphered, and ConA exposure, 
extensively and in a time- and dose-dependent manner, 

induces PZR clustering then SHP2 recruitment [30]. 
In addition, studies have shown that the SHP2/Ras-
dependent activation of ERK1/2 and P38 is a prerequisite 
for the functional MMP-2 activation and secretion fol-
lowing ConA administration. Consistent with the find-
ing that SHP-2 is the primary factor exerting mitogenic 
influences, it has also revealed that the SHP2-mutated 
cells were incapable of producing and secreting MMP-2 
mainly due to the impaired ERK1/2 and the P38 activa-
tion in the mutant cells. Hence, the reintroduction of the 
wt-SHP2 resulted in the reactivation of MMP-2 secre-
tion. Interestingly, constitutive MEK1 expression in 
SHP2-mutant cells failed to rescue MMP-2 activation, 
suggesting the essential role of both ERK and P38 in the 
proteolytic activation of MMP-2. Nonetheless, ConA 
exposure in these cells stimulated MMP-2 production 
via constitutive ERK signaling and the P38 up-regulation 
(Fig. 3 and Tables 1 and 2) [59].

ConA modulates immune cells function 
and signaling, resulting in liver injury
In addition to death induction in various cancer cell 
types, ConA has also been shown to act as a cell pro-
liferation activator in some other non-cancerous cell 
types. This feature of mitogenicity and, simultaneously, 
inducing tumor cell apoptosis in a dose-dependent man-
ner in various cell lines makes such lectins precious 
agents in cancer therapy. The combined evidence to date 

Fig. 3  Cartoons represent the molecular mechanism of the proliferative effects induced by ConA in fibroblasts, lymphocytes, and MSCs. The lectin 
acts as an agonist for TLR-2, TLR-6, and PZR receptors, which all induce the SHP-2/c-Ras axis as their main downstream effector following ConA 
treatment to activate the mitogenic functions of STAT3 and ERK1/2 signaling molecules
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suggests that the mitogenic properties of ConA are pri-
marily advent at the doses of 1–10 µg/ml, and induction 
of autophagy and apoptosis at > 20 µg/ml, while > 50 µg/
ml are cytotoxic doses [61]. The liver is an ideal site for 
the ConA assembly because of its anatomic location 
as the first place where blood-born alien substances 
encounter. ConA injection revealed differential activities 
on hepatoma cells. It can inhibit tumor nodule forma-
tion by inducing autophagy on the one hand and stimu-
lating lymphocytes to kill hepatocytes on the other hand. 
Unfortunately, lymphocytes are more prone to ConA 
activation than hepatoma cells to ConA inhibition [48].

Of note, since activation of lymphocytes needs recep-
tor clustering, multivalent lectins like ConA are in great 
attention for their potential mitogenic properties. By 
assessments of different oligomers of ConA, which have 
been accomplished by the merci of various chemical 
modifications and protease administrations, it has been 
shown that just the multivalent types of ConA can trigger 
their associated signaling cascades. For instance, succinyl 
ConA, the un-oligomerized variant of ConA, has been 
shown unable to induce MT1-MMP signaling, indicat-
ing the importance of receptor clustering in transducing 
biological signals [23, 62]. Importantly, receptor-tyrosine 
phosphorylation is the central hub in important cellular 
events as if proliferation, differentiation, and transforma-
tion mediated by various extracellular stimuli. As shown 
by in vitro evaluations, protein tyrosine phosphorylation 
in both proliferative lymphocytes, e.g., B- and T-cells, 
and non-proliferative ones, e.g., neutrophils and plate-
lets, have been induced upon the ConA administration 
through the JAK/STAT3 signaling pathway [63–65].

ConA administration activates both pro‑ 
and anti‑inflammatory cytokines
Activating a broad range of lymphokines has been 
reported as the result of mitogenic effects of ConA 
[66]. It has been displayed that the liver injury caused 
by ConA injection was mediated primarily by NK- and 
NKT-cell activation, CD69 expression, and stimulation 
of inflammatory cytokines from CD4+ and CD8+ T 
cells [67, 68]. This cytokine storm has been evident to 
be the fundamental reason for liver injury as the most 
severe side-effect of the pre-clinical usage of the lectin. 
Cytokines such as TNF-α, IFN-γ, IL-1, IL-6, and IL-12 
are in the inflammatory group, while IL-4, IL-10, and 
IL-22 are anti-inflammatory cytokines [69–71]. TNF-α 
acts as an apoptosis facilitator, whereas IFN-γ serves 
as a macrophage or NK cell proliferator; both increase 
the MHC- II expression, contributing to liver injury. In 
addition to causing hepatocellular damage, stimulated 
T-cells also have protective roles via producing anti-
inflammatory and growth-inducing cytokines as though 

IL-4, IL-10, and IL-22, which act by activating MAPK 
and JAK/STAT3 signaling pathways. Moreover, it has 
been revealed that non-hepatotoxic low doses of ConA 
injection in the murine models can exert its anti-tumor 
effects, mainly by activating NK cells [69].

Several studies have reported that the CD4+T cells, 
CD8+T cells, and NKT cells are the main drivers of 
ConA-induced liver injury; however, other immune 
cells involving neutrophils, kupffer, and B cells are also 
detected in the liver upon the lectin administration [72]. 
CD4+ T cells are likely the most significant contributor 
to the three main hepatic injury drivers. CD24 is primar-
ily expressed in normal stable situations on the non-T 
lymphocytes controlling their homeostasis, but, ConA 
has been shown to induce its expression on the hepatic 
T cells. In this regard, ConA injection in mice (10–
20  mg/kg) has been reported to elevate the production 
of IFN-γ and TNF-α by CD4+ T cells leading to acute 
liver injury. Moreover, CD24 deficient mice showed a 
lower liver injury, which resulted from a decrease in the 
secretion of inflammatory cytokines by CD4+ T cells 
with no observed difference in the activation or num-
ber of other mononuclear lymphocytes (like NKT and 
CD8+ cells). Experiments also demonstrated a reduction 
in the STAT1 phosphorylation level in CD24 deficient 
mice. Whereas, upon the CD24 activation in the normal 
T cells, IFN-γ caused the translocation of STAT1 to the 
nucleus, where it up-regulates genes that promote liver 
injury and inflammation. The secreted IFN-γ is also the 
central priming factor of macrophages that enhances 
TNF-α production leading to hepatocyte cell death [72]. 
In the case of NKT cells, they predominantly secrete IL-4 
and IL-5, which in turn recruits eosinophils causing liver 
injury [73].

There are also studies indicating the significant poten-
tial of ConA in inducing anti-inflammatory cytokines. 
In an in vivo study that used BALB/c mice as the murine 
model of liver injury, the concentrations of TNF-α 
inflammatory cytokine and IL-4 and IL-10 anti-inflam-
matory cytokines, following ConA injection, concomi-
tantly increased. The inflammatory cytokine had induced 
liver injury, hinted at by an escalation in AST and ALT 
transaminases after 8–24  h exposure [69]. Another 
in  vivo study on a murine model recently has shown 
that even though the low and high doses of ConA both 
stimulate CD3+ and NK cells in the liver, each one 
cause a distinctive cytokine expression profile; where 
the non-hepatotoxic amounts of the lectin (3–5  µg/g) 
induced IL-6 expression with no impact on IL-4, IL-12, 
TNF-α, and IFN-γ, while the hepatotoxic doses (15–
20 µg/g) showed an augmentation of these inflammatory 
cytokines. Furthermore, the intrahepatic Fas-FasL sys-
tem induced by high doses led to hepatocyte injury, while 
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pre-treatment with low doses prevented the lethal effects 
of hepatotoxic doses [74]. The bulk of studies suggested 
FasL-mediated apoptosis by NKT cells as the leading 
cause of ConA-mediated liver injury. Despite the necro-
sis created by high doses of ConA, its low doses trigger 
IL-2 production by T cells, NKT cells, macrophages, and 
kupffer cells (KCs), which exerts its anti-inflammatory 
effect by STAT4 activation. This activation has two dis-
tinctive impacts on T-cell hepatitis. It promotes Th1 and 
Th2 (T helper) cytokines as its minor role that leads to 
IFN-γ production, while its major comes from inhibit-
ing FasL in NKT cells, which attenuates the acute T-cell 
hepatitis [75, 76]. Corroborating the induction of pro-
tective interleukins, some recent evidence revealed that 
following the ConA injection (10  µg/g), IL-22 consider-
ably up-regulated at both the mRNA and protein levels, 
mainly in the CD3+ cells. The expression level of IL-22R 
was enhanced in hepatocytes as well. This study also 
revealed that the pre-treatment with IL-22 antibodies 
exacerbated liver necrosis, while pre-exposure with rIL-
22 prevented liver injury and ALT/AST escalations. IL-22 
activates the mitogenic functions of STAT-3, which sub-
sequently stimulates anti-apoptotic and growth-relating 
genes. Thus, IL-22 could be exploited as an adjuvant drug 
to relieve the ConA-induced liver injury [77].

Other T cell subsets with suppressive functions stimu-
lated via ConA treatment are regulatory T cells (Tregs). 
They are non-proliferative cells that mainly exert their 
immune tolerance by producing IL-10. In vivo ConA pre-
treatment has stimulated Tr1 cells with elevated CD69 
and CD44 expression. Thus, clinical targeting of Tr1 cells 
might be considered an efficacious approach to mitigate 
the hepatocyte injury. Liver sinusoidal endothelial cells 
(LSEC) and KCs are additional cell types responsible for 
ConA-mediated IL-10 production [78–82]. Along with 
anti-inflammatory activities, KCs can also produce pro-
inflammatory cytokines such as IFN-γ, TNF-α, and IL-6. 
Furthermore, after ConA binding to KC receptors, Th1, 
and Th2 cells can recognize MHC class II on KCs, fol-
lowed by more inflammatory cytokine production [83, 
84]. Collectively, ConA first activates KCs in the liver to 
secrete pro-inflammatory cytokines, leading to a Th1 
type response within the liver; the CD4+ and NKT cells 
enhance the generation of inflammatory cytokines. The 
produced cytokine storm finally contributes to hepatoma 
injury. However, pre-treatment with low concentrations 
of ConA predominantly induces the anti-inflammatory 
profile of cytokines, protecting the liver from injury [85].

ConA activates NANOS1/MIF/BNIP3 cascade through STAT3 
induction in hepatocytes
In the T cell activation process, Ca2+ channels play a cen-
tral role. TRPA1 (transient receptor potential subfamily 

A member 1) is a cationic channel at T cells’ cell surface 
permeable to calcium ions. Upon activation, it drives 
Ca2 + influx, which regulates several transcription fac-
tors such as NFAT, NF-κB, and JNK leading to the secre-
tion of effector cytokines, predominantly IFN-γ, TNF-α, 
and IL-2. It has been shown that ConA treatment stim-
ulates TRPA1 expression in T cells. Also, implementing 
the TRPA1 inhibitor abrogated ConA-induced T cell 
activation by reducing the expression of CD25 and CD69 
activation markers and the signature effector cytokines. 
These observations propose a possible role for TRPA1 in 
initiating the molecular mechanisms that eventuate T cell 
activation [86].

Further studies have shown that ConA exposure for 
48 h (10 µg/ml) can induce pro-inflammatory cytokines 
such as TNF-α, IL-1β, and IFN-γ in lymphocytes, which 
do activate iNOS leading to multiplying lymphocytes 
[87]. Also, ConA injection induces STAT1/3 in lympho-
cytes resulting in their proliferation. It has been unveiled 
that STAT-1 activates IFN-γ, but STAT-3 shows a protec-
tive role in the liver injury mediated by T-cells. STAT-1 
and -3 have a mutual antagonism relationship medi-
ated by SOCS3 proteins, induced by both STATs, but in 
return, SOCS proteins inhibit them by down-regulating 
JAKs. In this respect, STAT-3 seems more potent than 
STAT-1 in causing SOCS3 (in the ConA-injected mice), 
potentially contributing to liver regeneration by regard-
ing the protective role of STAT-3 [67]. Remarkably, 
STAT3 has a dual impact on cell proliferation. It can ele-
vate the expression of mitogenic genes (e.g., c-myc and 
cyclin D1), and conversely, it can activate genes mediat-
ing cell cycle arrest (e.g., P21cip/WAF) [77]. Moreover, 
the mitogenic effect of ConA-induced STAT3 in lym-
phocytes has also been associated with activating iNOS 
(inducible Nitric Oxide Synthase), which induces cell 
proliferation via increasing NO signaling [87].

In hepatocytes, NANOS1 acts as a mediator in STAT-3 
induction by ConA. In the conditions where either 
NANOS1 or STAT-3 was silenced, the gene and protein 
expression of MT1-MMP was abrogated. By silencing 
NANOS1 gene expression merely, STAT-3 phosphoryla-
tion after ConA treatment was abolished, suggesting the 
essential role of NANOS1 as an upstream regulator in 
triggering ConA signaling. However, the detailed mecha-
nism of how ConA stimulates NANOS1 transcription 
remains unclear [51].

At first, MIF (Macrophage migration inhibitory fac-
tor) was explored as a pleiotropic cytokine that inhibits 
macrophage random migration. It is primarily released 
from T-cells and at low levels in others such as endothe-
lial, epithelial, hepatocytes, and cancerous cells. After 
secretion in stress conditions, MIF can act in both 
para- and autocrine manners via binding to its receptor 
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CD74, which triggers downstream signaling resulting in 
BNIP3-dependent autophagy [88–90]. As expected, KO 
mice, which have no expression of MIF mRNA, treated 
with ConA are resistant to ConA-induced liver injury, 
likely due to the abrogation of TNF-α/IFN-γ stimulation 
by MIF [91]. ConA also induces STAT-3 phosphoryla-
tion, and following COX-2 expression, without changing 
total STAT-3, occurs through JAK and MEK signaling. 
In MAPK signaling, similar to STAT3, ERK1/2 might 
cause hepatocyte proliferation or arrest, depending on 
the amount of activated protein [77]. Furthermore, the 
gene silencing of MT1-MMP abrogates STAT-3 and pro-
MMP2 activation plus COX-2 expression. Interestingly, 
this silencing did not impact the STAT-3 phosphoryla-
tion induced by IL-6, proposing a link between ConA and 
MT1-MMP [29].

In hepatoma cell lines and in  situ hepatoma murine 
models, the receptor-mediated endocytosis of ConA is 
necessary for STAT-3 translocation to the nucleus and 
transducing its signals. Several studies have clarified 
the downstream order of the modulated signals upon 
NANOS1 induction by ConA, and it has revealed that by 
inhibiting STAT-3 phosphorylation via Static, BNIP3, and 
LC3- II stimulation would decline. Nevertheless, inhibit-
ing MIF via ISO- I cause BNIP3 down-regulation without 

any alteration of STAT-3 phosphorylation status, sug-
gesting a STAT-3/MIF/BNIP3 arrangement to stimulate 
LC3- II conversion and triggering autophagy (Fig. 4 and 
Tables 1 and 2) [90]. Deciphering the whole and complex 
network of ConA downstream signaling circuits is likely 
to provide new mechanistic insights into how the various 
responses created by the lectin are regulated; As well as, 
it will enable us to develop new approaches to safely ben-
efit from ConA as a drug in many fields of medicine.

Conclusions and outlook
Because of the crosstalk between downstream effec-
tors of RTKs, there are two approaches to prevent drug 
resistance; using several inhibitors for different RTKs 
and serving one agent for inhibiting multiple RTKs. Lack 
of specificity and toxicity are limiting factors of these 
strategies. As discussed in this article, preferential bind-
ing to cancerous cells and simultaneously deactivating 
various RTKs, are privileges of ConA lectin, making it a 
robust anti-cancer candidate. Likewise, ConA can induce 
autophagic and apoptotic cell death in tumor cells by 
binding to several receptors involving MT1-MMP and 
RTKs, modulating their downstream signaling pathways 
such as PI3K/Akt, JAK/STAT, MAPK, and NF-κB [39].

Fig. 4  Schematic representation of the crosstalk between activated lymphocytes and hepatocytes, following the ConA administration, thereby 
liver injury. On the one hand, the inflammatory cytokines secreted from the ConA-induced lymphocytes would induce the cell-death functions of 
STAT3 in hepatocytes, which activates BNIP3, then autophagy and apoptosis induction. On the other hand, the anti-inflammatory cytokines would 
stimulate mitogenic functions of STAT3, leading to the up-regulation of mitogenic and anti-apoptosis genes
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Nevertheless, there are some disadvantages of using 
ConA for clinical purposes in the future. MMP acti-
vation is a prerequisite process of metastasis in tumor 
cells. Its stimulation by ConA treatment is a dark side 
of its usage as an anti-tumor drug; logically, the matrix 
metalloproteinase blockers would be required for a 
more efficient anti-cancer therapy. Additionally, fol-
lowing the five or six ConA administrations, anti-ConA 
antibodies would be produced and elevated. Note that 
antibody arising is the common drawback of protein 
drugs that hinder their repetitive exploitation. Hence, it 
puts tremendous pressure on deciphering novel lectins, 
whose anti-cancer properties and cytotoxicity profiles 
are close to each other, enabling us to administer them 
sequentially [48, 92].

Moreover, the observations of liver injury in pre-
clinical trials limited the direct usage of ConA as an 
anti-neoplastic drug. Shortly after ConA injection, a 
cytokine storm creates, mainly mediated by CD4+, 
CD8+, and NKT cells. However, pre-treatment with 
low doses of the lectin induces a different cytokine pro-
file, mainly constituted of anti-inflammatory cytokines, 
endowing us with precious insights for medical preven-
tion. Therefore, to harness this strong lectin for cancer 
therapy in the clinical phase, we should eradicate its 
significant downsides, including toxicity and glycopro-
tein nature. In this regard, site-directed mutagenesis 
and artificial peptides, as used for boosting other glyco-
protein drugs or lectins, are exiting approaches to alle-
viate its cytotoxicity without a harmful impact on the 
functionality of the lectin and making it clinically lucra-
tive [93, 94].
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