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ABSTRACT 

It has been shown that some parasites interfere with malignant tumor cells growth in vivo or in vitro. In this work anti-
cancer activity of three live protozoan parasites; Toxoplasma gondii, Trichomonas vaginalis and Leishmania major on 
fibrosarcoma cells growth has been investigated in cell culture medium. In this experimental study, WEHI-164 fi-
brosarcoma cells treated with alive Toxoplasma gondii tachyzoite, Trichomonas vaginalis trophozoite or Leishmania 
major promastigote as case groups or left intact as control groups. Following 24 hours incubation the number of cells, 
lactate dehydrogenase (LDH) and apoptosis were determined in case and control groups. Toxoplasma gondii tachyzoite 
decreased cell proliferation and increased cell lyses’ but it did not induce apoptosis. Trichomonas vaginalis or Leishma-
nia major didn’t show any effects on cell proliferation, cell lyses or apoptosis. Therefore Toxoplasma gondii may have 
anticancer activity and further works is recommended to understand the mechanisms of action. 
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1. Introduction 

It has been shown that some parasitic infections induce 
antitumor activity against certain types of cancers [1-6]. 
We previously showed that mice immunized with Toxo-
plasma gondii tachyzoiter or Toxocara canis egg anti-
gens and challenged with fibrosarcoma cells showed less 
solid tumor growth in comparison with mice that were 
not immunized but challenged with the same cells [7]. 
Also apoptosis induction or inhibition of proliferation of 
tumor cells has been shown by some parasites [8]. These 
findings are in agreement with the hygiene theory [9-11]. 
Moreover effects of some other substances such as di-
phosphate [12], Parazosin [13] and dopamin [14] on ma-
lignant cells proliferation have been demonstrated. In this 
work in order to explore anticancer activity of parasites 
further, in cell culture the effects of Toxoplasma gondii 
and two other protozoan parasites; Trichomonas vagi- 
nalis and Leishmania major; on proliferation, apoptosis 
and death of mouse fibrosarcoma cells have been inves-

tigated. 

2. Materials and Methods 

2.1. Parasites 

Toxoplasma tachyzoites harvested from experimentally 
infected mice, Trichomonas vaginalis was isoloated from 
patients referred to gynecology and midwifery clinic in 
Shahrekord and maintained in TYIS medium. Leishma-
nia major was isolated from skin sore of patient’s re-
ferred to cutaneous leishmaniasis clinic in Isfahan, Iran 
and maintained in NNN medium. 

2.2. Culture of Tumour Cells 

WEHI-164, Balb/C mouse fibrosarcoma cells provided 
by Pasture Institute, Tehran, Iran and cultured in Dul-
becco’s Modification of Eagles Medium (DMEM) pur-
chased from Sigma company and was supplemented with 
20 mm HEPES 0.2 mM L-glutamine, 50 µM 2-mercap- 
toethanol 0.15% sodium bicarbonate, 50 µg/ml gen-*Corresponding author. 
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tamicin and 10% fetal calf serum (FCS) as reported pre-
viously [15]. Viability of tumor cells was checked by 
trypan blue staining. 

2.3. Lactate Dehydrogenase Assay (LDH) 

The in vitro lysis of WEHI-164 tumor cells by parasites 
was assayed by LDH-release as reported previously [16]. 
Briefly 100,000 WEHI-164 cells were incubated with 
each appropriate parasite at 37˚C in 5% CO2 and 90% 
relative humidity. At appropriate time points in the assay, 
the cells were centrifuged and 50 µl of supernatant was 
harvested and transferred to a flat bottomed 96-well plate. 
LDH-release determined using a kit according to manu-
facturer’s instructions. LDH-release measurements were 
calculated by spectrophotometery. The controls were 
WEHI-164 tumor cells culture without parasite treat-
ment. 

2.4. Apoptosis Study 

Apoptosis of tumor cells was detected according to pre-
vious study [16]. Briefly, 1 × 105 WEHI-164 cells pre 
incubated with appropriate parasite for 24 hours. The 
cells were harvested and suspended in 50 µl media and 
subjected to mild hypotonic treatment with 50 µl of 50% 
DH2O in tissue culture media for 10 min before fixing 
with 100 µl of 25% acetic acid in methanol for 10 min. 
Prepared cytospots were stained with 0.1 µg/ml Hoechst 
33258 (Sigma) for 10 min in dark, washed with water 
and dried. Specimens were viewed under 50% glycerol in 
PBS immersion by fluorescence microscopy using a 
UG-1 excitation filter and UV-absorbing barrier filter. 

2.5. Experiments Designs 

In each experiment six culture flasks containing 10 ml 
culture medium were prepared and 100,000 fresh, alive 
WEHI-164 cells were added to every flask. Flasks num-
bers 1 - 3 treated with 1000 live Toxoplasma gondii ta-
chysoite, Leishmarnia majo promastigote or Trichomo-
nas vaginalis protoscolices as case groups and flasks 4-6 
left intact as control groups. All flasks were incubated 
overnight at 37˚C and 90% humidity and examined after 
24 hr. Tumor cell proliferation was calculated by count-
ing the number of cells in 1 ml of suspended tumor cells 
of culture mediums. Each experiment was performed in 
triplicate. Kruskal Wallis and Down statistical tests used 
to compare the means of data between case and control 
groups. 

3. Results 

Effect of Toxoplasma tachyzoites on proliferation, apop-
tosis or death of fibrosarcoma WEHI-164 cells (case 

group) in comparison with the same cells without para-
site treatment (control group) were investigated in-vitro. 
This parasite inhibited cell proliferation and caused cell 
lyses but it did not induce apoptosis. Results of cell count 
and LDH estimation presented in Table 1 and Figures 1 
and 2 respectively. 

In other experiments the effects of Trichomonas 
vaginalis or Leishmania major on proliferation, apoptosis 
or death of fibrosarcoma WEHI-164 cells (case group) in 
comparison with the same cells without parasite treat-
ment (control group) were investigated in-vitro. These  
 
Table 1. The number of dead or alive cells and LDH esti-
mation (unit/litter) in flasks with WEHI-164 fibrosarcoma 
cells treated with Toxoplasma gondii tachyzoite (case groups) 
or left intact (control groups). 

Cells or LDH 
Case groups 

mean 
Control groups 

mean 
P 

Number of alive cells 82,500 420,000 0.046

Number of dead cells 210,000 82,500 0.046

LDH estimation (U/L) 130.3 89.83 0.049

 

 

Figure 1. Mean and standard Error of alive (A) or dead (B) 
cells in flasks with WEHI-164 fibrosarcoma cells treated 
with Toxoplasma gondii tachyzoite (case group) or left in-
tact (control group). 
 

 

Figure 2. LDH estimation in flasks with WEHI-164 fi-
brosarcoma cells treated with Trichomonas vaginalis (A), 
Leishmania major (B) or Toxoplasma gondii (C) as case 
groups or left intact as control groups. 

Copyright © 2012 SciRes.                                                                                 WJV 



Toxoplasma gondii but Not Leishmania major or Trichomonas vaginalis Decreases Cell Proliferation and  
Increases Cell Death on Fibrosarcoma Cancer Cells in Culture Medium 

107

Table 2. The number of dead or alive cells and LDH esti-
mation (unit/litter) in flasks with WEHI-164 fibrosarcoma 
cells treated with Trichmonas vaginalis or Leishmania major 
(case groups) or left intact (control groups). 

Leishmania major Trichomonas vaginalis

 Mean case 
flasks 

Mean control 
flasks 

Mean case 
flasks 

Mean control 
flasks 

Number of  
alive cells 

313333.3 243333.3 872,000 800,000 

Number of  
dead cells 

47333.3 41666.6 86666.6 33333.3 

LDH estimation 
(U/l) 

105.166 120.33 122.5 102.66 

 
two parasites didn’t show any affect on cell proliferation, 
cell death or apoptosis. Results of cell count and LDH 
estimation presented in Table 2 and Figure 2 respec-
tively. 

4. Discussion 

Results of this investigation revealed that Toxoplasma 
gondii tachyzoite but not Trichomonas vaginalis tropho-
zoite or Leishmania major promastigote decreased fi-
brosarcoma WEHI-164 cells proliferation and increased 
cell lyses in cell culture medium. There are scientific 
evidences indicating that some parasitic and microbial 
infections interfere with tumor growth and have antican-
cer activities [1-8] , and it has been shown that some ex-
tracts of Trypanosoma cruzi have toxic effects on cancer 
cells in cell cultures [1,2]. Kim et al. (2007) showed that 
Toxoplasma gondii inhibited Lewis lung carcinoma 
growth through induction of Th1 immune responses and 
inhibition of angiogenesis [3]. This result is in agreement 
with our findings. Although both Toxoplasma gondii and 
Leishmania major are intracellular parasites they treat 
fibrosarcoma cells differently. Further works is recom-
mended to understand different behaviors of these to 
protozoa on fibrosarcoma cells. 

In this work none of parasite induced apoptosis, this 
finding is in agreement with previous works indicating 
that Toxoplasma gondii inhibits apoptosis induction in 
host cells [17,18]. Conversely induction of apoptosis by 
this parasite is reported by Zhang et al. [8]. How Toxo- 
plasma gondii tachyzoite inhibits tumor cells prolifera-
tion needs to be discovered by further investigations.  

Sayed et al. (2002) Showed that high relative risk of 
cervical cancer was associated with Trichomonas vagi- 
nalis infection [19]. However, our results revealed that 
this parasite had no effect on fibrosarcoma cells growth. 

It seems that no publication is available about anti-
cancer activity of Leishmania major parasite. However it 
has been shown that anticancer drugs have anti-leishma- 
nia activity [20]. Result s of our work also showed that 

Leishmania major parasite didn’t influence fibrosarcoma 
growth.  

5. Conclusion 

Results of this investigation revealed that Toxoplasma 
gondii but not Leishmania major or Trichomonas vagi- 
nalis decreases cell proliferation and increases cell death 
on fibrosarcoma cells. However many more experiments 
would be performed to get strict findings. 

6. Acknowledgements  

This work was supported by a grant from Shahrekord 
University of Medical Sciences, Iran. 

REFERENCES 
[1] V. Atayde, M. Jasiulionis, M. Cortez and N. Yoshida, “A 

Recombinant Protein Based on Trypanosoma cruzi Sur- 
face Molecule gp82 Induces Apoptotic Cell Death in 
Melanoma Cells,” Melanoma Research, Vol. 18, No. 3, 
2008, pp. 172-183. doi:10.1097/CMR.0b013e3282feeaab 

[2] V. D. Kallinikova, P. V. Matekin, T. A. Ogloblina, M. I. 
Leikina, A. F. Kononenko, N. M. Sokolova and L. S. Po- 
godina, “Anticancer Properties of Flagellate Protozoan 
Trypanosoma cruzi Chagas, 1909,” Biology Bulletin, Vol. 
28, No. 3, 2001, pp. 244-255.  
doi:10.1023/A:1016636419597 

[3] J. Kim, S. Jung, S. Kim, et al., “Inhibition of Lewis Lung 
Carcinoma Growth by Toxoplasma gondii through Induc- 
tion of Th1 Immune Responses and Inhibition of Angio 
genesis,” Journal of Korean Medical Science, Vol. 22, 
2007, pp. S38-S46. doi:10.3346/jkms.2007.22.S.S38 

[4] N. López, C. Valck, G. Ramírez, et al., “Antiangiogenic 
and Antitumor Effects of Trypanosoma cruzi Calre- 
ticulin,” PLoS Neglected Tropical Diseases, Vol. 4, No. 7, 
p. 730.  

[5] M. Pidherney, H. Alizadeh, G. Stewart, J. McCulley and J. 
Niederkorn, “In Vitro and in Vivo Tumoricidal Properties 
of a Pathogenic/Free-Living Amoeba,” Cancer Letters, 
Vol. 72, No. 1-2, 1993, pp. 91-98.  
doi:10.1016/0304-3835(93)90016-3 

[6] Y. Plumelle, C. Gonin, A. Edouard, et al., “Effect of 
Strongyloides Stercoralis Infection and Eosinophilia on 
Age at Onset and Prognosis of Adult T-Cell Leukemia,” 
American Journal of Clinical Pathology, Vol. 107, No. 1, 
1997, pp. 81-87.  

[7] H. Darani, H. Shirzad, F. Mansoori, N. Zabardast and M. 
Mahmoodzadeh, “Effects of Toxoplasma gondii and 
Toxocara canis Antigens on WEHI-164 Fibrosarcoma 
Growth in a Mouse Model,” The Korean Journal of Para- 
sitology, Vol. 47, No. 2, 2009, pp. 175-177.  
doi:10.3347/kjp.2009.47.2.175 

[8] X. Zhang, N. G. Cai, S. Li, L. Qiang and A. Fang, “Apop- 
tosis of Human Leukemia K562 Cell in Vitro Induced by 
Toxoplasma gondii,” Chinese Journal of Parasitology 

Copyright © 2012 SciRes.                                                                                 WJV 

http://dx.doi.org/10.1097/CMR.0b013e3282feeaab
http://dx.doi.org/10.1023/A:1016636419597
http://dx.doi.org/10.3346/jkms.2007.22.S.S38
http://dx.doi.org/10.1016/0304-3835(93)90016-3
http://dx.doi.org/10.3347/kjp.2009.47.2.175


Toxoplasma gondii but Not Leishmania major or Trichomonas vaginalis Decreases Cell Proliferation and  
Increases Cell Death on Fibrosarcoma Cancer Cells in Culture Medium 

Copyright © 2012 SciRes.                                                                                 WJV 

108 

and Parasitic Diseases, Vol. 25, No. 3, 2007, pp. 185- 
188.  

[9] J. Bufford and J. Gern, “The Hygiene Hypothesis Revis- 
ited,” Immunology and Allergy Clinics of North America, 
Vol. 25, No. 2, 2005, pp. 247-262.  
doi:10.1016/j.iac.2005.03.005 

[10] P. Gibson, R. Henry, S. Shah, H. Powell and H. Wang, 
“Migration to a Western Country Increases Asthma Symp- 
toms But Not Eosinophilic Airway Inflammation,” Pedi- 
atric Pulmonology, Vol. 36, No. 3, 2003, pp. 209-215.  
doi:10.1002/ppul.10323 

[11] D. Strachan, “Hay Fever, Hygiene, and Household Size,” 
British Medical Journal, Vol. 299, No. 6710, 1989, pp. 
1259-1260. doi:10.1136/bmj.299.6710.1259 

[12] P. Jiang, Y. Zhao, S. Yang, et al., “Effects of Chloroquine 
Diphosphate on Proliferation and Apoptosis of Human 
Leukemic K562 Cells,” Journal of Experimental Hema- 
tology/Chinese Association of Pathophysiology, Vol. 16, 
No. 4, 2008, pp. 768-771.  

[13] S. Lin, S. Chueh, C. Hsiao, et al., “Prazosin Displays 
Anticancer Activity against Human Prostate Cancers: 
Targeting DNA and Cell Cycle,” Neoplasia, Vol. 9, No. 
10, 2007, pp. 830-839.  

[14] H. Qun and Y. Lin-bo, “Dopamine Inhibits Proliferation, 
Induces Differentiation and Apoptosis of K562 Leukae- 
mia Cells,” Chinese Medical Journal, Vol. 120, No. 11, 
2007, pp. 970-974.  

[15] H. Shirzadeh, R. Burton, J. Brien and Y. Smart, “Mono-
clonal Antibody Anti NC 2 Identifies a Second Receptor 

on Cells Mediating Natural Cytotoxicity in Mice,” Im- 
munology, Vol. 93, No. 1, 1998, pp. 122-128.  
doi:10.1046/j.1365-2567.1998.00394.x 

[16] G. Clarke, H. Shirzadeh, G. Pang, K. Beagley, R. Burton 
and Y. Smart, “TNF-α Is Not the Sole Mediator of 
WEHI-164 Tumor Cell Killing in Natural Cytotoxicity,” 
Cytokine, Vol. 9, No. 4, 1997, pp. 254-262.  
doi:10.1006/cyto.1996.0162 

[17] V. Heussler, P. Küenzi and S. Rottenberg, “Inhibition of 
Apoptosis by Intracellular Protozoan Parasites,” Interna- 
tional Journal for Parasitology, Vol. 3, No. 11, 2001, pp. 
1166-1176. doi:10.1016/S0020-7519(01)00271-5 

[18] J. Kim, M. Ahn, H. Jun, J. Jung, J. Ryu and D. Min, 
“Toxoplasma gondii Inhibits Apoptosis in Infected Cells 
by Caspase Inactivation and NF-κB Activation,” Yonsei 
Medical Journal, Vol. 47, No. 6, 2006, pp. 862-869.  
doi:10.3349/ymj.2006.47.6.862 

[19] A. Sayed, H. El-Wakil, N. Kamel and M. Mahmoud, “A 
Preliminary Study on the Relationship between Tricho- 
monas vaginalis and Cervical Cancer in Egyptian Women,” 
Journal of the Egyptian Society of Parasitology, Vol. 32, 
No. 1, 2002, pp. 167-178.  

[20] J. Tavares, M. Ouaissi, A. Ouaissi and A. Cordeiro-da- 
Silva, “Characterization of the Anti-Leishmania Effect 
Induced by Cisplatin, an Anticancer Drug,” Acta Tropica, 
Vol. 103, No. 2, 2007, pp. 133-141.  
doi:10.1016/j.actatropica.2007.05.017 

 

 

http://dx.doi.org/10.1016/j.iac.2005.03.005
http://dx.doi.org/10.1002/ppul.10323
http://dx.doi.org/10.1136/bmj.299.6710.1259
http://dx.doi.org/10.1046/j.1365-2567.1998.00394.x
http://dx.doi.org/10.1006/cyto.1996.0162
http://dx.doi.org/10.1016/S0020-7519(01)00271-5
http://dx.doi.org/10.3349/ymj.2006.47.6.862
http://dx.doi.org/10.1016/j.actatropica.2007.05.017

