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ABSTRACT
Objective: Cancer or neoplasm is a cosmopolitan catastrophe that results in more than 20 million new cases 
and 10 million deaths every year. Some factors lead to carcinogenesis like infectious diseases. Parasites like Toxo-
plasma gondii, by its components, could modulate the cancer system by inducing apoptosis. The objective of this 
investigation is to assess the potential of peptides derived from T. gondii in combating cancer by examining their 
effects on Caco-2, Hep-G2, and HT29 cell lines. 
Materials and methods: Candidate peptide by its similarity to anticancer compounds was predicted through the 
computer-based analysis/platform. The impact of the peptide on cell viability, cell proliferation, and gene expres-
sion was evaluated through the utilization of MTT assay, flow cytometry, and real-time polymerase chain reaction 
(PCR) methodologies.
Results: The cell viability rate exhibited a significant decrease (p < 0.001) across all cell lines when exposed 
to a concentration of ≤160 μg. Within the 48-hour timeframe, the half maximal inhibitory concentration (IC50) 
for HT29 and Hep-G2 cell lines was determined to be 107.2 and 140.6 μg/mL, respectively. Notably, a marked 
decrease in the expression levels of Bcl2 and APAF1 genes was observed in both the Hep-G2 and HT29 cell lines. 
Conclusion: These findings indicate that the T. gondii peptide affected cancer cell mortality and led to changes in 
the expression of genes associated with apoptosis.
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phase, and (iii) sporozoites, which are distinctive of the sex-
ual stage in felids and found in oocysts in feline feces (3). 

Various pathways have been reported for the infection of 
intermediate hosts: ingestion of oocysts-contaminated fruits, 
vegetables, or water, consumption of raw or uncooked meat 
containing tissue cysts, congenital transmission, blood trans-
fusion, and organ transplantation. Although transmission 
through the ingestion of non-pasteurized milk or milk prod-
ucts has been documented, it is not common (4). It is obvious 
that felines as definitive hosts can become infected through 
carnivorous behavior or ingestion of sporulated oocysts (5).

Cancer is referred as a composite of diseases acquired by 
the development of neoplastic cells (6). It contributes symp-
toms like eluding growth suppressors, empowering prolifera-
tive signaling, withstanding cell death, promoting the ability 
to replicate indefinitely, activating angiogenesis, prompting 
invasion and metastasis, genome vulnerability, reconstructing 
energy metabolism, and evading destruction by the immune 
system as well (7). There are more than 20 million newly diag-
nosed cases of cancer and almost 10 million deaths attrib-
uted to this disease every year (8). Multiple factors play a 

Introduction

Toxoplasma gondii is the most widespread protozoan 
parasite that gained its reputation by seropositive analysis. 
It has been found that more than 30%-50% of the world’s 
population is positive for T. gondii (1). Felids are known to 
be the definitive host in which the sexual stage takes place. 
Terrestrial and aquatic mammals as well as birds act as inter-
mediate hosts during the asexual stage (2). 

Three developmental stages have been distinguished to 
infect the cell: (i) tachyzoite, which rapidly multiplies and 
occurs in the acute phase of the infection, (ii) bradyzoite, a 
form of slow multiplication that characterizes the chronic 
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pivotal role in causing carcinogenesis like lifestyle, genes, and 
the microenvironment. Moreover, it is widely recognized that 
infectious diseases play a significant role in the development 
of various types of cancers. These diseases are responsible 
for approximately 25%-50% of all cancer cases (9). Notably, 
viral infections such as papilloma virus have been linked to 
cervical cancer, while bacterial infections like Helicobacter 
pylori have been associated with gastric cancer. Additionally, 
parasitic infections, including Schistosoma haematobium, 
have been found to be connected to urinary bladder cancer. 
The strong correlation between infectious diseases and can-
cer underscores the importance of preventive measures and 
early detection in reducing the burden of these malignancies. 
In this way, some parasites act as the inducers or promoters 
of the cancers and others inhibit the factors that could modu-
late tumorigenesis. So far, investigations show that compo-
nents of parasites are able to modulate the cancer system 
by inducing apoptosis (10). Studies have shown that T. gondii 
is able to break tumor immune tolerance and arouse potent 
CD8+ T-cell immunity (11). In the current study, the effect of 
T. gondii-synthesized excretory-secretory compound in cell 
growth factors and inducing apoptosis was investigated. 

Materials and methods
Synthesis of peptide 

Out of the acknowledged proteomes of T. gondii  
excretory-secretory antigens, the QLEDAVSAVASVVQDE 
amino acid sequence belonging to part GRA1 was selected. 
It is noteworthy that this sequence has the most similar-
ity to the other anticancer agents (≈91%) by the analysis 
done in association with the anticancer peptide database: 
CancerPPD site (Online). Following analysis of the nomi-
nated sequence and confirmation of its anticancer poten-
tial, ElabScience was proposed for peptide synthesis 
(United States, Lot No: YZIGY9RHUD) with a purity of over 
97.5% and a molecular weight of 2,425.5. As per the guide-
lines provided by the manufacturer, by applying ultra-pure 
water, the synthesized peptide underwent dilution and 
was subsequently prepared in various concentrations to 
evaluate cell viability and perform molecular assays.

Anticancer assays in vitro
Cell culture and treatments

The Iranian Biological Resource Center (IBRC) provided 
the Caco-2, Hep-G2, and HT29 cell lines, which are human 
gastric, colon, and liver cancer cell lines, respectively. These 
cell lines were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM)/F12, supplemented with 10% fetal bovine 
serum (FBS; Gibco, Thermo Fisher Scientific) and 2 mmol/L 
L-glutamine (Bio Idea Co, Iran). The growth medium for all cell 
lines consisted of DMEM/F12 supplemented with GlutaMAX, 
NaHCO3, and 15 mM HEPES. To ensure optimal conditions 
for cell growth, the cells were incubated at a temperature 
of 37°C in a humidified atmosphere consisting of 5% carbon 
dioxide (12).

MTT assay for cell viability detection

After achieving a confluence of 90%, the cells were 
seeded into the wells using microscopic counting after being 
stained with trypan blue. MTT assay was administered in 
96-well culture plates for cell viability. Each well was seeded 
with approximately 2 × 104 cells in 200 μL of DMEM medium. 
The plates were then incubated at 37°C and 5% CO2 for 
24 hours to ensure proper adherence of the cells to the wells 
of the plate. Subsequently, Hep-G2, HT29, and Caco-2 cells 
were exposed to elevating concentrations of T. gondii peptide  
(40, 80, and 160 μg/mL) and incubated for 24 and 48 hours 
in the 96-well culture plates. The growth of the cells was 
assessed based on the activity of mitochondrial enzymes 
determined in the MTT assay.

Following 24- and 48-hour exposure of cell lines to the pep-
tides, 20 μL volume of 5 μg/mL MTT solutions were added to 
the wells, and the plates were then incubated at 37°C for an 
additional 4 hours. Subsequently, the wells were emptied and 
200 μL of dimethyl sulfoxide (DMSO) was added to all wells; in 
this specific approach, living cells contain NAD(P)H-dependent 
oxidoreductase enzymes that facilitate the conversion of the 
MTT reagent into formazan crystalline product, leading to 
purple color. The more viable cells and metabolic activity, the 
more intensity of purple color (13). To measure the optical den-
sity (OD) of the wells, a microplate spectrophotometer (BioTek-
ELX800, United States) was employed at 570 nm, both 24 and 
48 hours after exposure. Each concentration and cell lines were 
subjected to triplicate experiments to ensure the accuracy and 
reliability of the results.

Bcl2, APAF1 gene expression analysis 

The evaluation of gene expression was conducted using 
the SYBR green-based quantitative real-time polymerase 
chain reaction (PCR) technique. In order to measure the 
messenger ribonucleic acid (mRNA) expression of the Bcl2 
and APAF1 genes, the genomic content (total RNA) was 
extracted from all cultured cell lines. QIAzol RNA (Qiagen, 
United States) was utilized for this purpose, following the 
manufacturer’s protocol. The nanodrop spectrophotometer 
(Thermo Scientific™ NanoDrop 2000c spectrophotometer) 
was used to evaluate the quantity, quality, and optimal 
concentration of the collected RNAs at a 260/280 nm ratio. 
Following this, the RNAs were transformed into comple-
mentary deoxyribonucleic acid (cDNA) by reverse tran-
scription, utilizing RT-specific primers and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) as a reference gene 
for data normalization (Tab. 1). A LightCycler® 96 thermal 
cycler (Roche, Germany) was used to conduct real-time 
reverse transcription (RT)-PCR. Within each reaction, a 
20 μL mixture was prepared, containing 8 μL of SYBR Green 
I Master mix, 1 μL of cDNA serving as the template, 8 μL of 
nuclease-free distilled water, and 10 pmol of each primer. 
In the amplification program, the initial denaturation step 
was performed at a temperature of 95°C for a duration of  
8 minutes. This was followed by 40-45 cycles of denatur-
ation at 95°C for 10 seconds, annealing at 57-62°C for 5 sec-
onds, and extension at 72°C for 20 seconds (14,15).

http://crdd.osdd.net/raghava/cancerppd/index.php
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Apoptosis analysis
Apoptosis evaluation was conducted using the Annexin 

V/PI Apoptosis detection kit (cat. no. AnxF100PI, MabTag 
GmbH) following peptide treatments. A 6-well plate was uti-
lized, with each well containing a volume of 2.5 mL cell sus-
pension at a density of 3 × 105 cells/mL. Following 24-hour 
cultures of all three kinds of cells in 200 μM of the peptide, 
in accordance with the procedures outlined in the preced-
ing section, the cells underwent the specified treatment. The 
negative control group received an equivalent amount of 
phosphate-buffered saline (PBS). After the incubation period, 
the cells were collected and underwent two rounds of wash-
ing with cold PBS at a pH of 7.4. Subsequently, the cells were 
suspended in annexin-binding buffer and exposed to 5 μL of 
fluorescein isothiocyanate (FITC)-Annexin V and 5 μL of prop-
idium iodide (PI). The samples were thoroughly mixed and 
incubated in darkness at a temperature of 25°C for a duration 
of 15 minutes. The stained cells were then analyzed using a 
Sysmex CyFlow Space flow cytometer. The fluorescence emit-
ted by the cells was measured at wavelengths of 495 and 519 
nm following excitation at 488 nm (16).

Statistical analysis

In the current investigation, all experiments were 
repeated in triplicate. Statistical analysis was conducted 
to compare and evaluate the treated groups in relation to 
both each other and the control group. The comparative 
Ct (ΔΔCt) method was employed to statistically analyze the 
data. Prior to analysis, the real-time PCR findings under-
went preprocessing. Subsequently, the expression levels of 
selected genes (Bcl2, APAF1) among the study groups were 
evaluated using Kruskal-Wallis and Mann-Whitney U-tests. 
A p-value <0.05 was deemed to be statistically significant. 
All statistical analyses were assessed using GraphPad Prism 
v 6.1 software.

Results
Mortality and proliferation alter under T. gondii  
peptide impact in all cell lines 

In each cell line, the effect of peptides on cell viability, 
mortality, and proliferation was examined at 24 and 48 hours 
at escalating concentrations (Fig. 1). A direct correlation 

TABLE 1 - The sequence of primer runs in real-time PCR

Gene Seq (5′-3′) Annealing Ref

Bcl2 F: TCGCCCTGTGGATGACTGA 60 (14)

R: CAGAGACAGCCAGGAGAAATCA

APAF1 F: TTAGGAGCCAGGTGCGGT 58 (29)

R: GCTTGTCTTTCTTCCCATTTTTC

GAPDH F: ACGGATTTGGTCGTATTGGG 57 (30)

R: TGATTTTGGAGGGATCTCGC

was discovered between the rise in concentration and the 
rise in mortality and interpreted as dose-dependent man-
ner but wasn’t time dependent. At concentrations of 40, 
80, and 160 μg, the cell viability rate exhibited a significant 
decrease across all cell lines. After 24 hours, the cell lines 
demonstrated the most significant impact when exposed to 
concentrations of 160 μg (p < 0.001). Like the earlier pattern, 
after 48 hours of peptide exposure, cell viability declined at 
40, 80, and 160 μg concentrations in contrast to accumula-
tive doses. In Caco-2 cells, in comparison with the control 
group, a significant mortality induction was experienced 
in the concentration of 160 μg (p < 0.001). The same sig-
nificant mortality induction was found in Hep-G2 cell line 
at the concentration of 160 μg at 48 hours exposure. But 
in HT29 cell line this significant mortality induction started 
at 40 μg concentration. Cell viability rates were assessed at 

FIGURE 1 - The cell viability of cancer cells. A) Caco-2, B) Hep-
G2, and C) HT29 were assessed after 24 (left) and 48 hours (right)  
exposure to specific concentrations of Toxoplasma gondii-deri-
ved peptide (*p <0.05; **p <0.01; ***p <0.001). SD = standard  
deviation. 
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various concentrations based on the duration of each cell line. 
As depicted in Figure 1, it was observed that the impact of 
the peptide on cancer cells differed depending on the dosage  
administered.

The cell viability rate in each cell line was compared at the 
aforementioned concentrations, which have been provided 
in Figure 1. Briefly, a significant mortality induction in Caco-2 
was started in 160 and 80 μg at 24 and 48 hours, respectively. 
For Hep-G2, the significant mortality induction was in 160 μg 
at 24 and 48 hours. This situation was observed in 160 and 
40 μg at 24 and 48 hours, respectively. 

The IC50 of the excretory-secretory peptide of T. gondii

Based on the results obtained from the MTT assay, the 
IC50 values for each cell line were determined after exposure 
to the peptide at both 24 and 48 hours. At the conclusion 
of the 24-hour period, the Caco-2 cell line exhibited the 

highest IC50 concentration (149.6 μg/mL), while the Hep-G2 
cell line displayed the lowest IC50 concentration (126.8 μg/mL). 
Furthermore, during the 48-hour timeframe, the HT29 cell line 
demonstrated the lowest IC50 concentration (107.2 μg/mL),  
whereas the Hep-G2 cell line exhibited the highest IC50 con-
centration (140.6 μg/mL) (Fig. 2).

Apoptosis-related gene expression levels

The mRNA levels of Bcl2 and APAF1 were evaluated in 
three types of cancer cells at exposed concentrations close 
to IC50 by using real-time PCR and results were reported as a 
fold change. Evaluated expression levels of Bcl2 and APAF1 
genes are shown in Figure 3. In fact, the Caco-2 cell line 
showed an increase in gene expression level of Bcl2 and non-
elevated expression level in APAF1 gene. A notable decline in 
the expression levels of Bcl2 and APAF1 genes was detected 
in Hep-G2 and HT29 cell lines (Fig. 3).

FIGURE 2 - IC50 values of Toxo-
plasma gondii peptide in cell 
lines after 24 (left) and 48 hours 
(right): A) Caco-2, B) Hep-G2, 
and C) HT29. The highest and 
lowest values after 24 hours 
were found in Caco-2 and Hep-
G2 cell lines (149.6 and 126.8 
µg/mL, respectively) and the 
highest and lowest values after 
48 hours were 150.3 and 107 
µg/mL for Caco-2 and HT29 cell 
lines.
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Flow cytometry

The apoptotic effect was examined on Caco-2, Hep-G2, 
and HT29 cell lines following treatment with the peptide and 
subsequent staining with annexin V and PI (Fig. 4). After a 
24-hour exposure to the peptide, a noteworthy rise in apop-
tosis was detected across all cell lines (p = 0.005). Notably, 
the highest level of apoptosis was observed in HT29 cells, 
reaching a rate of 32% (Fig. 5).

Discussion

In the current investigation, we demonstrated the anti-
cancer effect of candidate Toxoplasma excretory-secretory 
antigen on three cancerous cell lines: Caco-2, Hep-G2, and 

HT29. Currently, researchers are still exploring different ways 
to treat cancer using natural substances instead of chemi-
cals. Besides studying plant compounds, researchers are 
also assessing the effectiveness of different other sources in 
inhibiting the growth of cancer cells. Sometimes, it is trouble-
some to anticipate events of antagonistic impacts from che-
motherapeutic drugs amid treatment (17). Cancer cells can 
become resistant to drugs while receiving chemotherapy. 
So, to get the same effect in killing tumors, more medicine is 
needed than what was given initially. Frequently, higher dos-
age administration creates a higher possibility of side effects 
in patients (18). Therefore, taking a blend of drugs with vari-
ous mechanisms could synergistically facilitate therapeutic 
efficiency (19).

One of these mechanisms could be addressing live 
organism compounds that have a long relationship with 
humans and successfully adapted to the human body: par-
asites. Some studies were conducted by applying protozoa 

FIGURE 3 - Expression levels of Bcl2 and APAF1 in three cancer cell 
lines exposed to Toxoplasma gondii peptide in terms of fold chan-
ge: A) Caco-2, B) Hep-G2, C) HT29 (ns, not significant; *p <0.05; 
**p <0.01; ***p <0.001; ****p <0.0001). SD = standard deviation. 

FIGURE 4 - The distribution of apoptotic cells stained with annexin 
V-FITC/PI in dual parametric dot plots of PI fluorescence (Y-axis) vs. 
annexin V-FITC fluorescence (X-axis). Dot plots represent cancerous 
cell lines (A) Caco-2, B) Hep-G2, and C) HT29). The highest rate of 
apoptosis belongs to HT29 with 32%. FITC = fluorescein isothiocya-
nate; PI = propidium iodide.
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and helminths to improve immunotherapies concentrating 
against tumors aiming to empower the antitumor immune 
response and therefore eliminate the progressing neoplasm 
(7). The pioneer protozoan in uncovering antitumor effects 
was Trypanosoma cruzi, as affected patients showed no 
symptoms of colon cancer despite having a tumorigenic pro-
cess (20). Investigations have revealed that some molecules 
on the surface of the parasite can induce the production of 
antibodies that diagnose neoplastic cells due to the antigenic 
similarity between them, or they could be activators of cells 
involved in the process of cancer cell recognition. T. gondii 
itself can trigger a cascade that starts with the induction of 
interleukin (IL)-12 production and continues with stimulating 

natural killer (NK) cells and T cells for producing interferon 
gamma (IFN-γ) and modifying the spread of CD8 T lympho-
cytes and their cytotoxic capability and finally elevating anti-
tumor immune response (21). The ability of Toxoplasma to 
modify its host immune response in several studies makes 
addressing this parasite as a potent inducer of antitumor 
responses (11). 

Our investigation shows that parasite-derived peptide 
could induce apoptosis in cancer cell lines, which was in line 
with the lately done study by Bahadory et al (10). According 
to this study, Toxocara canis excretory-secretory Troponin 
protein peptide (ES TPP) could successfully alter the expres-
sion of apoptotic involved factors. Peptides have character-
istically gained more attention in researches due to their 
advantages; first of all, peptides are the functional piece of 
natural proteins that can exhibit innumerable biological func-
tions and offer higher selectivity and potency in comparison 
to ordinary small molecule drugs. Secondly, they could be 
simply manufactured by chemically solid-phase synthesis. 
Lastly, possessing amide backbone makes the peptides to be 
fundamentally biodegradable, which may minimize the side 
effects (22).

Given that the peptide was synthesized applying com-
puter database, high concentration of peptides, regardless 
of online prediction, is needed to kill the cells or induce cell 
death. Scientists suggest that use of nanoparticles, adju-
vants, and improving target cell delivery system are means 
for optimizing compounds with anticancer potential (23). On 
the basis of attained results, the applied peptide causes a 
significant reduction in mortality rate in cell lines, which are 
referred as dose dependent. Hence, in comparison to Caco-2 
and Hep-G2, the least concentration to alert the mortality 
and viability rate was for HT29, 40 µg/mL. It is noteworthy 
that the cytotoxic effect was remarkably higher on HT29 than 
Caco-2 and Hep-G2 with lower IC50 (107 µg/mL). 

Apoptosis, a physiological mechanism of cellular demise, 
is prompted by intra- and extracellular signals. This process 
serves a crucial role in maintaining the balance and proper 
functioning of normal tissues during development and 
homeostasis. In the context of cancer progression, apoptosis 
acts as a barricade against the uncontrolled growth of trans-
formed cells. Nevertheless, in tumors that have undergone 
significant transformation and exhibit resistance to thera-
peutic interventions, the occurrence of apoptosis may be 
reduced (6). Bcl2 and APAF1 are key factors in the process 
of cell death, which were evaluated by both MTT assay and 
real-time PCR; the latter is more sensitive and specific. In 
fact, releasing cytochrome c from mitochondria is the pivotal 
triggering episode associating a cell to apoptosis, resulting 
in the formation of apoptosome-containing caspases. Bcl2 
as an antiapoptotic protein interferes in the permeabiliza-
tion of the mitochondrial outer membrane, thus barricading 
apoptosis (24,25). Controversy, oligomerization of APAF1 in 
response to discharge of cytochrome c facilitates the forma-
tion of apoptosome, leading to downregulation of caspases 
and triggering apoptosis (26). In our study, there is an increase 
in gene expression level of Bcl2 gene but it wasn’t significant 
in Caco-2 cell line. A significant decrease in expression lev-
els of Bcl2 and APAF1 genes was seen in both Hep-G2 and 

FIGURE 5 - The effects of Toxoplasma gondii peptide on the viability 
of three cancer cell lines (A) Caco-2, B) Hep-G2, and C) HT29) show 
a significant increase in induction in comparison to the control. The 
error bars represent mean ± SD of the triplicate measurements  
(*p <0.05; **p <0.01; ***p <0.001; ****p <0.0001). SD = standard 
deviation. 
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HT29 cell lines. On the basis of update by the Nomenclature 
Committee on Cell Death (NCCD), regulated cell death could 
be classified, based on its molecular characteristics, into 
multiple categories in which some of them were well studied 
like: apoptosis, necrosis, necroptosis, and pyroptosis, while 
others like ferroptosis, entotic, autophagy, etc., are under-
estimated and less well-studied (27). For this case, we could 
conclude that downregulation in any of the aforementioned 
gene expression levels may result in consequences of any of 
the aforesaid cell death types. D’Arcy states that the cell in 
media could react in different ways when it fails to maintain 
homeostasis with its environment. Hence, the remains of 
late apoptotic cells that have lost their integrity are simply 
described as necrosis (28).

For future prospect, conducting experiments on animal 
models and assessing cell death molecular hallmarks using 
blotting techniques would give a better point of view for 
conducting upcoming researches. Challenges include being 
unable to synthesize the peptide in our country and the need 
for implementing more accurate and specific tests for apply-
ing blotting tests and to evaluate whether the peptide could 
enter the cells.

Conclusion

The results demonstrated that T. gondii peptide exerted 
an influence on the mortality of cancer cells and altered the 
expression of apoptosis-related genes. However, further 
optimization and redesign of the peptide could enhance its 
potential as a cancer therapy. Given the potential of peptides 
as selective and potent therapeutic agents, enhancing them 
with nanoparticles and improving delivery systems could 
optimize their anticancer efficacy. Future research could 
focus on animal models and molecular analyses with blotting 
techniques to further evaluate and improve this promising 
therapeutic approach.
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