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Abstract: Cancer is a global public health problem and one out of every six deaths in the world is 

caused by cancer. Among the different types of this pathology, melanoma-type skin cancer stands 

out. It is the most lethal of all in its metastatic state with characteristics of acquiring resistance to 

various therapies. Studies carried out with crotoxin extracted from the venom of Crotalus durissus 

terrificus have already confirmed in vitro cytotoxic activity against melanoma the present work aims 

to investigate, through a systematic review of the literature, the potential antitumor activity of phos-

pholipase derived from snake venom against tumor cell lines in vitro studies; For this purpose, 

searches were performed in the Pubmed, Embase and Lilacs databases. The search was performed 

by combining the descriptors Phospholipase A2, Snake venoms and Antitumoral. The inclusion cri-

teria: in vivo experimental articles and in vitro experimental articles. Exclusion criteria: articles that 

were out of scope, review articles, abstracts, and letters to the reader. Data extracted were: author; 

type of study; class of phospholipase or derivative; effective concentration used alone or in combi-

nation; cytotoxicity in vitro and/or in vivo; biological activity; and tumoral cell line tested. As ad-

dressed in the databases, the search found 44 articles; 15 were selected. In this review, it was iden-

tified that 28 cell lines tested. The tested molecules showed effectiveness at concentrations ranging 

from 9.25 - 350 μM. As main biological activities, PLA2s showed an increase in apoptosis rate in 

tumor cell lines In the studies, a reduction in the adhesion rate of tumor cell lines was also In addi-

tion, an increase in the rate of cell apoptosis was observed. Delayed cell cycle progression of tumor 

cell lines e and tumor volume in vivo. In addition, this review identified that the molecules could 

cause cytotoxic activity in non-tumor lineages at concentrations of 37 µM and 350 mM. In conclu-

sion, this work demonstrates the importance of PLA2, indicating its potential use as a tool to identify 

pharmacological targets and as a prototype for developing new anticancer therapies. 

Keywords: Phospholipase A2, Snake venoms and Antitumor. 

 

1. Introduction 

The introduction should briefly place the study in a broad context and highlight why 

it is important. It should define the purpose of the work and its significance. The current 

state of the research field should be carefully reviewed and key publications cited. Please 

highlight controversial and diverging hypotheses when necessary. Finally, briefly men-

tion the main aim of the work and highlight the principal conclusions. As far as possible, 

please keep the introduction comprehensible to scientists outside your particular field of 

research. References should be numbered in order of appearance and indicated by a 
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numeral or numerals in square brackets—e.g., [1] or [2,3], or [4–6]. See the end of the doc-

ument for further details on references. Cancer (CA) is characterized as a heterogeneous 

syndrome that can manifest from different pathways, leading to mutations in the activity 

of oncogenes and tumor suppressor genes [24]. As a result of this dysregulation, abnormal 

cell growth with differentiated phenotypes will potentially proliferate into adjacent cells 

or organs, thus predicting tumor malignancy [33]. According to data from the World 

Health Organization (WHO), cancer is the leading cause of death worldwide, correspond-

ing to about 9.6 million deaths in 2018 [34]. It is worth noting that for most patients pre-

senting with advanced solid tumors, treatment is not administered with curative intent 

but in hopes of improving survival and/or symptom relief [17]. 

Currently, it is known that there is a series of patterns that define tumors, these being 

called the hallmarks of cancer that are taken as the increase and sustainment of prolifera-

tive activity, evasion of growth suppressors, resistance to death, enabling replicative im-

mortality that induces angiogenesis, activate invasion and metastasis collaborating to dis-

ease progression [14]. Moreover, another factor that has generated significant concern 

worldwide is the phenomenon of multiple drug resistance (MDR) in cancer, which is char-

acterized as the refractoriness of target cells to a chemotherapeutic drug accompanied by 

resistance to other drugs with different mechanisms of action and structure [26]. In this 

context, there is a growing effort to identify new biologically active molecules that can 

treat these tumors [7]. 

Snake venoms comprise a vast biological library of toxins that can be used for various 

applications [28]. Among these molecules is crotoxin (CTX) which is characterized as a 

heterodimeric β-neurotoxin formed by the non-covalent association between two subu-

nits, one of them the Crotoxin A or crotapotin acid and a base called crotoxin B or phos-

pholipase A2 (PLA2) [19]. PLA2s consist of three α-helices, a highly conserved protein, 

the calcium-binding loop, two antiparallel β-strains, and a catalytically inactive flexible 

C-terminal loop. Their toxic effects are still unknown. However, they still possess more 

significant toxicity than their catalytically active counterparts [29] to which PLA2s are 

among the most studied and well-characterized snake venom toxins due to their catalytic 

role that exhibits multiple biological activities of pharmaceutical interest [18]. 

In a previous study, Côrrea et al.9 (2016) found that the PLA2-derived peptide 

BnuTX-I demonstrated antimicrobial activity at concentrations ranging from 50-100 

μg/mL against Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, and 

Staphylococcus aureus strains. SALES et al., 2017 verified a potential anti-inflammatory 

activity from the molecular docking of two PLA2 molecules derived from snake venom, 

showing the pharmaceutical potential against different pathologies. Therefore, the pre-

sent work aims to investigate, through a systematic review of the literature, the potential 

antitumor activity of phospholipase derived from snake venom against tumor cell lines in 

vitro studies. 

2. Materials and Methods 

The Materials and Methods should be described with sufficient details to allow oth-

ers to replicate and build on the published results. Please note that the publication of your 

manuscript implicates that you must make all materials, data, computer code, and proto-

cols associated with the publication available to readers. Please disclose at the submission 

stage any restrictions on the availability of materials or information. New methods and 

protocols should be described in detail while well-established methods can be briefly de-

scribed and appropriately cited. 

Research manuscripts reporting large datasets that are deposited in a publicly avail-

able database should specify where the data have been deposited and provide the relevant 

accession numbers. If the accession numbers have not yet been obtained at the time of 

submission, please state that they will be provided during review. They must be provided 

prior to publication. 
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Interventionary studies involving animals or humans, and other studies that require 

ethical approval, must list the authority that provided approval and the corresponding 

ethical approval code. 

3. Results and Discussion 

As addressed in the databases, the search found 44 articles; 15 were selected. The 

collection and screening protocol is described in Figure 1. In this review, it was identified 

that 28 cell lines tested (B16, EMT6, S-180, P3X, HT1080, IGR39, HT29-D4, B16F10, SKBR3, 

S49, A549, MDA-MB-231, KYSE 30, KYSE 270, GAMG, HCB151, U373, PSN-1, PANC-1, 

HeLa, SiHa, MCF7, MCF10A, CCL-107, HTB-186, Caco-2, RD, NCI-H292). Among the 

studies reviewed, only three PLA2s were chemically synthesized (Lys49 PLA2, BthTX-I, 

AP-1). The others were extracted from snake venom (MVL-PLA2, PLA 2, [Ser 49] PLA 2, 

BnSP-6 PLA2, MjTX-I, F1 CTX, PLA2 BthTX-II, Crotoxin, and BmPLA2). All data is pre-

sented in Table 1. 

The tested molecules showed effectiveness at concentrations ranging from 9.25 - 350 

μM. As main biological activities, PLA2s showed an increase in apoptosis rate in tumor 

cell lines [2,3,6,16,21,26]. In the studies, a reduction in the adhesion rate of tumor cell lines 

was also observed [2,3,4,5,19]. In addition, an increase in the rate of cell apoptosis was 

observed [2]. Delayed cell cycle progression of tumor cell lines [3,16] e and tumor volume 

in vivo [21]. In addition, this review identified that the molecules could cause cytotoxic 

activity in non-tumor lineages at concentrations of 37 µM and 350 mM. 

Snake venoms are recognized for their biochemical complexity, composed of a mix-

ture of proteins, enzymes, peptides, and inorganic compounds, which may present differ-

ent biological activities [31]. These bioactive compounds found in venom toxins represent 

a little-explored reservoir that can be directed to discover other molecular mechanisms 

activated by the venom besides targeting a wide variety of pharmacological targets for the 

treatment of several diseases [32].  

With this in mind, we decided to study the effects of snake venom-derived phospho-

lipase on tumor cell lines in vitro. Overall, our analysis suggests that phospholipase A2 

(PLA2) showed apoptotic activity in most assays presented in this review, with retarda-

tion of cell cycle progression and tumor volume in vivo. Some studies have provided ev-

idence that snake venom toxins, particularly PLA2, have the potential for the develop-

ment of antitumor drugs [1,36].  

Some studies showed increased apoptosis cell rate, as demonstrated by Lee et al.21, 

(2015), Azevedo et al.2 (2016), Muller et al.26 (2018) and Azevedo et al.3 (2019). For example, 

Lee et al.21 (2015) demonstrated that the toxin inhibited the growth of lung cancer cells 

(A549 and NCl-H460) through inhibition of peroxiredoxin 6 (PRDX6), as PRDX6 attenu-

ates apoptosis in human ovarian cancer cells via interaction with activator protein-1 (AP-

1). Another study corroborates with the previous finding, which demonstrated that trans-

genic mice with PRDX6 overexpression were associated with an increase in AP-1 activity 

and, consequently, with increased lung tumor rate [23]. 

As well as Azevedo et al.2 (2016) and Azevedo et al.3 (2019), in this review, it was 

decided to investigate the antitumor effect of PLA2 isolated from Bothrops pauloensis and 

Bothrops jararacussu on human breast cancer MDA-MB-231 cells, and perceived, by cell 

death analysis, stimulation in the autophagy process, evidenced by the marking of para-

sitophorous vacuoles and autophagy process, respectively. Interestingly, PLA2 showed a 

possible target preference in cancer cells through cytotoxicity compared to non-cancerous 

breast cells. It corroborates with the study by Yan et al., 2007, in which the author demon-

strated that both autophagy and apoptosis were activated in killing breast cancer cells by 

crotoxin, a cytotoxic PLA2. 

The occurrence of apoptosis was also confirmed in the studies by Bennati et al.6 (2018) 

and Jimenez-Charris et al.16 (2019), through activation of the intrinsic and extrinsic path-

way, by K562-S and K562-R cells, upon activation of caspases 3,8 and 9 and stimulated 

cell death by apoptosis in HeLa cervical carcinoma cells, suggesting a possible trigger 
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through extrinsic pathways, such as caspase 8. In line with previous findings, a cardio-

toxin isolated from the snake's venom attracted also inhibited apoptosis in MCF-7 human 

cancer cells, confirmed by externalization of phosphatidylserine and cleavage of poly 

(ADP-ribose) polymerase [16]. 

Another study in this review was described by Bazaa et al.5 (2009) and Azevedo et 

al.3 (2019), who evaluated and characterized the impact of integrin inhibition using an 

MVL-PLA2 and BthTX-II on the behavior of vascular endothelial cells and breast cancer 

cells. It was demonstrated that these phospholipases inhibited the adhesion and migration 

of these cells, in addition to the elimination of angiogenesis both in vitro and in vivo, lead-

ing to changes in adhesion formation and specific inhibition of integrins α5β1, αvβ3, and 

αvβ6. Notably, as seen in previous experiments, BthTX-II (PLA2-Asp49) was able to in-

hibit cell adhesion on both collagen and fibronectin, corroborating with the finding that 

integrin expression levels (β1 and α2) decreased with treatment [13]. 

Our review showed that in two studies, there was cell cycle arrest in tumor cells of 

breast cancer strains [3,16]. There is a hypothesis that infers that PLA2 has a synergistic 

effect at the level of cell proliferation from the phosphorylation of serines or accumulation 

of phosphatidylcholine that eventually reflects in some activities, depending on its loca-

tion, to which interference in this flow will lead to a modulation in the coordination of the 

proliferative response to intra and extracellular stimuli [15].  

These findings can be confirmed in previous work by Manguikian, Barbour22 (2004), 

who using Jurkat T cells, verified that the expression levels of phosphatidylcholine are 

modulated according to the phase of the cell cycle. Consequently, PLA2 showed its direct 

action on the cell cycle. 

In this sense, it was described, through a systematic review of the literature, the main 

mechanisms involved by the different PLA2, which, according to this study, were able to 

inhibit tumor growth and metastasis, such as adhesion, migration, invasion, and changes 

in the cell cycle. Thus, this work demonstrates the importance of PLA2, indicating its po-

tential use as a tool to identify pharmacological targets and as a prototype for developing 

new anticancer therapies. 
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3.2. Figure 1 and Table 1 

 
Figure 1. Methodological Screening 

Table 1. Antitumor activity of phospholipases derived from snake venom. 

Author Cell Line Source Snake 

Specie 

Phospholipase 

Type  

Effective 

Concentration 

Cytotoxicity Effect 

ARAYA & 

LOMONT

E, 2007 

B16; 

  EMT6; 

S-180; 

  P3X  

Synthetic Agkistrodon 

piscivorus, 

Bothrops asper 

Lys49 PLA2 50-350 mM 50-350 mM — 

BAZAA et 

al., 2009 

HT1080;  

IGR39; 

HT29-D4 

Natural Macrovipera 

lebetina 

trasmediterra

nea 

MVL-PLA2 35 - 100 nM — ↓ Cell 

adhesion 

↓ Cell 

migration 

GEBRIM et 

al., 2009 

B16F10; 

 SKBR3; 

Synthetic — BthTX-I 1  μg/mL — — 

NELSON 

et al., 2013 

S49 Natural Agkistrodon 

piscivorus 

piscivorus 

PLA 2 200 nM — — 
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CONLON 

et al., 2013 

A549  Natural Echis 

coloratus; 

Piramidum 

leakeyi; 

 Echis 

carinatus 

sochureki 

[Ser 49 ]PLA 2 2.9-8.5 μM > 100 μM — 

LEE et al., 

2015 

A549  Synthetic Vipera 

lebetina 

turanica 

AP-1 6,8 μg/mL — ↑ 

Apoptosis 

↓ In vivo 

tumor 

volume 

AZEVEDO 

et al., 2016 

MDA-MB-

231 

Natural Bothrops 

pauloensis 

BnSP-6 PLA2 12,5-100  

μg/mL 

— ↑ 

Autophagy 

↑ 

Apoptosis 

↓ Cell 

adhesion 

BENNATI 

et al., 2018 

K562 Natural Bothrops 

moojeni 

MjTX-I 191-275 μg/mL 300 - 400 

μg/mL 

↑ 

Apoptosis 

MULLER 

et al., 2018 

KYSE 30, 

 KYSE 270, 

GAMG, 

 HCB151,  

U373, 

 PSN-1, 

 PANC-1, 

 HeLa, 

 SiHa 

Natural Crotalus 

durissus 

terrificus 

F1 CTX 0.5 - >30 

ug/mL 

No toxicity 

 

↑ 

Apoptosis 

JIMENEZ-

CHARRIS 

et al., 2019 

MDA–MB–

231; MCF7  

Natural Porthidium 

lansbergii 

lansbergii 

Asp49-PLA 2 0,8-100 µg/mL No toxicity 

 

↑ 

Apoptosis  

↓ Cell cycle 

AZEVEDO 

et al., 2019 

MCF10A; 

MDA-MB-

231 

Natural Bothrops 

jararacussu 

PLA2 BthTX-II 10 - 50 ug/mL 

(MDA-MB-

231) 

No toxicity 

 

↑ 

Apoptosis  

↓ Cell cycle  

↓ Cell 

adhesion 
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KATO & 

SAMPAIO, 

2021 

A549  Natural Crotalus 

durissus 

terrificus 

Crotoxin 12, 5 nM No toxicity 

 

↓ Cell 

adhesion 

AZEVEDO 

et al., 2022 

MDA-MB-

231 

Natural Bothrops 

jararacussu 

Asp-49 PLA 2 

BthTx-II 

10 µg/mL 12,50 - 50 

μg/mL 

↓ Cell 

adhesion 

LAZCAN

O-PÉREZ 

et al., 2022 

CCL-107; 

HTB-186  

Natural Crotalus 

molossus 

nigrescens 

PLA2 BthTX-II 10 - 100 ng/mL — — 

FRIHLING 

et al., 2022 

Caco-2; 

 RD; 

 NCI-H292  

Natural 

 

Bothrops 

moojeni 

BmPLA2 9,25 uM (Caco-

2, RD) 

37 µM — 
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