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Abstract
Background: Hydatid cyst is the larval stage of the tapeworm, 
Echinococcus granulosus. The prevalence of hydatid cyst in 
patients with cancer was lower than that of normal population. We 
previously showed that alive hydatid cyst protoscolices effected the 
growth of cancer cells in culture medium. In this work the effect of 
different hydatid cyst molecules on growth of cancer cells has been 
investigated in vitro.

Method: Crude protoscolices molecules, protoscolices excretory 
secretory (ES) molecules, laminated & germinal layers molecules 
and hydatid fluid molecules were prepared from cysts collected 
from slaughter house. These molecules were added to Hella 
or Vero cell lines. Following 48 hours incubation, the number of 
alive and dead cells were counted in comparison with appropriate 
controls. Jonckheere-Terpstra Test used for statistical analysis.

Results: In cell cultures treated with protoscolices ES molecules 
or hydatid fluid molecules the number of aliveHela cells decreased 
in comparison with control cell culture. Also in cell cultures treated 
with crude protoscolices molecules, protoscolices ES molecules or 
Laminated & germinal layers molecules the number of dead Hela 
cells increased. However with Vera cell lines, none of the molecules 
increased the number of dead cells or decreases the number of 
alive cells.

Conclusion: Hydatid cyst antigens effected Hela cells growth 
in culture medium. Further work is recommended to clarify the 
mechanisms of action.
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Introduction
Hydatid cyst is the larval stage of the tapeworm, Echinococcus 

granulosus, a parasite responsible for hydatid disease or hydatidosis 
in human and livestock. This disease considered as one of the most 
important cosmopolitan zoonotic infection with different mammalian 
hosts being involved in the life cycle. It has been shown that in a large 
retrospective study of patients with cancer, the prevalence of hydatid 
cyst was significantly lower than in normal subjects [1]. Antitumor 
activity of some other parasites have also been demonstrated. For 
example anticancer activity of parasites such as Trypanosoma cruzi 
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[2-8] Toxoplasma gondii [9-15], Toxocarac canis [16], Acantamoeba 
castellani [17,18] and Plasmodium yoelii [19] have been shown 
in experimental animals. In vitro investigations also revealed that 
some parasites such as Trypanosma cruzi, hydatid cyst protoscileces, 
and Toxoplama gondii show anticancer activities [7,16,20,21]. We 
previously showed that alive hydatid cyst protoscolices inhibited the 
proliferation ofWEHI-164 and BHK cells and have the capacity to 
induce cell death in WEHI-164 cells in vitro [21]. In this work the 
effect of different hydatid cyst molecules including crude protoscolices 
molecules, excretory secretory molecules of protoscolices, Laminated 
& germilal layers molecules and hydatid fluid moleculeson Hella and 
Vero cell lines growth in vitro have been investigated.

Materials and Methods
In this experimental study, Echinococcus granulosus hydatid 

cysts were collected from sheep or cattle from a slaughter house in 
Isfahan, Iran. Hydatid fluid were aspirated, collected and examined 
for presence of protoscolices. The fluids were then centrifuged at 
2000×g, for 2 min, and the supernatant was concentrated and kept 
at -20 as hydatid fluid molecules. The sediment which was compact 
protoscolices washed with isotonic saline, sonicated and kept at -20 
as crude protoscolice molecules. Also culture medium was added 
to compact alive protoscolices, and following 48 hours incubation 
centrifuged at 2000×g, for 2 min and the supernatant used as excretory 
secretory molecules of protoscilices (ES molecules). Laminated & 
germinal layers were removed from the cyst, homogenized and then 
sonicated and kept at -20 as Laminated & germilal layers molecules. 

Culturing of tumor cells

Two cell lines including Hella and Vero cells were purchased 
from the Pasture Institute (Tehran, Iran). Cells were cultured as 
we performed before [21]. In each experiment, two culture flasks 
containing 10 mL culture medium with 100000 freshly prepared 
and viable Hella or Vero cells were used. The first flasks were treated 
with 500 µl of different molecules containing 5-10mg protein, while 
the second flasks were treated with 500 µl isotonic saline as control 
sample. All flasks were incubated in CO2 incubator for 48h and then 
cell counting was determined for each flask after 48 h. Cell counting 
was performed using a Neubauer’s chamber. Each experiment was 
performed in triplicate. In this study to evaluate the effect of different 
molecules on cancer cells, two criteria including increasing the 
number of dead cells or decreasing the numbers of alive cells were 
used. Trypan blue staining was used to discriminate between dead 
and alive cells. Jonckheere-TerpstraTest used for statistical analysis 
of the data.

Results
When crude extract of protoscolices was added to Hela cells a 

significant difference in number of dead cells between case and control 
groups was achieved (P=0.01). However the difference for alive cells 
was not significant (Figure 1). When excretory secretory molecules of 
protoscolices was used a significant difference was observed for both 
alive (P=0.014) and dead cells (P=0.02) (Figure 2).With the hydatid 
cyst fluid molecules the difference for alive cells was significant 
(P=0.031) and for dead cells was not significant (Figure 3). Finally 
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when crude mixture of homogenized laminated & germinal layers 
was added a significant difference (P=0.01) was observed for dead 
cells. However the difference in alive cells was not significant (Figure 
4). When different molecules incubated with Vera cells no significant 
effects on growth of those cells was detected.

Discussion
Results of this investigation revealed that in cell cultures treated 

with crude protoscolices molecules, protoscolices ES molecules or 
Laminated & germinal layers molecules the number of dead Hela cells 
increased in comparison with control cell culture. Also in cell cultures 
treated with protoscolices ES molecules or hydatid fluid molecules 
the number of alive Hela cells decreased in comparison with control 
cell culture. However none of the molecules increased Vera dead cells 
or increased Vera alive cells

The results about Hela cells are consistent with our previous 
finding that Protoscolices of hydatid cyst induced cell death in 
WEHI-164 Fibrosarcoma cells and also inhibited the proliferation of 
baby hamster kidney fibroblasts in culture medium [21]. The effects 
of parasite antigens on inhibition of cancer cells have also been shown 
in other investigations. Atayde et al. showed that a Trypanosoma 
cruzi surface molecule gp82 recombinant protein induced cell death 
in melanoma cells [22]. In other investigation it has been shown that 
some parasitic antigens have stimulatory or inhibitory effects on 
certain cell lines. However some other antigen showed no effect on 
proliferation or death of cells in culture medium.

Rigano et al. investigated the effect of hydatid cyst fluid or 
antigen B on Human Dendritic Cell differentiation. They showed that 
Antigen B and hydatid cyst fluid upregulated CD86 expression and 
downmodulated CD1a expression [23]. Kanan and Chain explored 
the effect of hydatid cyst fluid on differentiationof human monocyte 
to dendritic cell. Their results showed that hydatid cyst fluid 
modulated differentiation of dendritic cells. The presence of hydatid 
cyst fluid also increased CD14 expression and decreased expression 
of CD1a [24]. Nono et al. showed that Excretory/Secretory-Products 
of Echinococcus multilocularis Larvae Induce apoptosis in dendritic 
cells in vitro [25]. Results of these investigations are in agreement 
with our finding indicating that hydatid cyst molecules are able to 
effect cells growth in culture medium.

Apart from Echinococcus antigens, effect of some other parasite 
antigens on different cell lines has also been investigated. Huby et al. 
showed that ES products of the intestinal nematode, Nematodirus 
battus, decreased the number of epithelial cells in culture medium. 
Inversely ES products of two other parasites stimulated cell growth 
[26]. In another study Huby et al. investigated effects of the excretory/
secretory products of Trichostrongylus colubriformis on the growth 
of different cell lines. These products increased cell numbers of three 
epithelial intestinal cells. In contrast, the products inhibited the 
proliferation of epithelial ovarian cells and fibroblasts. Finally no 
effect was detected on the cell growth of hepatocytes [27]. Semnani 
et al. showed that Brugia malayi microfilariae induce cell death 
indendritic cells [28]. These investigation indicate that in addition 
to hydatid cyst molecules, other parasite molecules also effect cells 
growth in vitro.

Results of our investigation showed that hydatid cyst molecules 
affected tumor cell growth either by increasing dead cells or by 
decreasing alive cells. From these results along with other findings 
about the effect of parasite antigens on cell growth it can be inferred 
that parasite antigens interfere with different cell lines growth in vitro. 
However the mechanisms that may be involved remain concealed 
and further work is recommended to discover these mechanisms.

Figure 1: Mean of alive or dead cells in flasks of Hella cells treated with 
hydatid cyst protoscolices crude antigens (case groups) or isotonic saline 
(control group).
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Figure 2: Mean of alive or dead cells in flasks of Hella cells treated with 
Excretory secretory antigen of hydatid cyst protoscolices (case groups) or 
isotonic saline (control group).
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Figure 3: Mean of alive or dead cells in flasks of Hella cells treated with 
hydatid cyst fluid (case groups) or isotonic saline (control group).
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Figure 4: Mean of alive or dead cells in flasks of Hella cells treated with 
hydatid cyst laminated & germinal layers  antigen (case groups) or isotonic 
saline (control group).

http://www.jimmunol.org/content/171/4/1950.short
http://www.jimmunol.org/content/171/4/1950.short


Citation: Aref N, Shirzad H, Yousefi M, Darani HY (2012) Effect of Different Hydatid Cyst Molecules on Hela and Vero Cell Lines Growth In vitro. J Immunodefic 
Disor 2:1.

• Page 3 of 3 •

doi:http://dx.doi.org/10.4172/2324-853X.1000105

Volume 2 • Issue 1 • 1000105

Acknowledgement

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

References

1.	 Akgül H, Tez M, Unal AE, KeÅŸkek M, Sayek I, et al. (2003) Echinococcus 
against cancer: why not? Cancer 98: 1999-2000.

2.	 Batmonkh Z, Kallinikova VD, Pakhorukova LV, Kravtsov EG, Karpenko LP, 
et al. (2006) In vivo anticancer activity of lysates from trypanosoma cruzi of 
different genetic groups. Bull Exp Biol Med 142: 470-473.

3.	 Kallinikova V, Batmonch Z, Kravtsov E, Karpenko L, Pachorukova L, et al. 
(2008) Antibodies against Trypanosoma cruzi accompanying the antitumoral 
action of lysed epimastigotes in vivo. Moscow University Biological Sciences 
Bulletin 63: 72-76. 

4.	 Kallinikova VD, Matekin PV, Ogloblina TA, LeÄkina MI, Kononenko AF, et 
al. (2001) [Anticancer properties of flagellate protozoan Trypanosoma cruzi 
Chagas, 1909]. Izv Akad Nauk Ser Biol : 299-311.

5.	 Kallinikova VD, Borisova EN, Pakhorukova LV, Ogloblina TA, Batmonkh Ts, 
et al. (2006) [Immunization against Trypanosoma cruzi and tumor growth in 
mice]. Med Parazitol (Mosk) : 9-12.

6.	 Kinnamon KE, Poon BT, Hanson WL, Waits VB (1998) Activity of anticancer 
compounds against Trypanosoma cruzi-infected mice. Am J Trop Med Hyg 
58: 804-806.

7.	 Sheklakova LA, Kallinikova VD, Karpenko LP (2003) Genetic heterogeneity 
of Trypanosoma cruzi and its direct anticancer effect in cultured human tumor 
cells. Bull Exp Biol Med 135: 89-92.

8.	 Zenina AV, Kravtsov EG, Tsetsegsaikhan B, Yashina NV, Dalin MV, et 
al. (2008) The study of immunological component in antitumor effect of 
Trypanosoma cruzi. Bull Exp Biol Med 145: 352-354.

9.	 Hibbs JB Jr, Lambert LH Jr, Remington JS (1971) Resistance to murine 
tumors conferred by chronic infection with intracellular protozoa, Toxoplasma 
gondii and Besnoitia jellisoni. J Infect Dis 124: 587-592.

10.	Kim JO, Jung SS, Kim SY, Kim TY, Shin DW, et al. (2007) Inhibition of 
Lewis lung carcinoma growth by Toxoplasma gondii through induction of 
Th1 immune responses and inhibition of angiogenesis. J Korean Med Sci 22 
Suppl: S38-46.

11.	Miyahara K, Honda U, Tose S, Sakurai H, Igarashi I, et al. (1992) Therapeutic 
effects of Toxoplasma lysate antigen on 20-methylcholanthrene-induced 
BALB/c mouse tumors. J Vet Med Sci. 54: 7. 

12.	Miyahara K, Yokoo N, Sakurai H, Igarashi I, Sakata Y, et al. (1992) Antitumor 
activity of Toxoplasma lysate antigen against methylcholanthrene-induced 
tumor-bearing rats. J Vet Med Sci. 54: 221-228. 

13.	Pyo KH, Jung BK, Chai JY, Shin EH (2010) Suppressed CD31 expression in 
sarcoma-180 tumors after injection with Toxoplasma gondii lysate antigen in 
BALB/c mice. Korean J Parasitol 48: 171-174.

14.	Suzuki Y, Kobayashi A (1985) Antitumor effect of intralesional injection with 
formalin-fixed Toxoplasma gondii organisms on Lewis lung carcinoma in 
Toxoplasma-infected mice. Cancer Lett 25: 247-254.

15.	Suzuki Y, Muto M, Kobayashi A (1986) Antitumor effect of formalin-fixed 
Toxoplasma gondii organisms on EL4 lymphoma in Toxoplasma-infected 
mice. J Biol Response Mod 5: 288-293.

16.	Darani HY, Shirzad H, Mansoori F, Zabardast N, Mahmoodzadeh M (2009) 
Effects of Toxoplasma gondii and Toxocara canis antigens on WEHI-164 
fibrosarcoma growth in a mouse model. Korean J Parasitol 47: 175-177.

17.	Alizadeh H, Pidherney MS, McCulley JP, Niederkorn JY (1994) Apoptosis as 
a mechanism of cytolysis of tumor cells by a pathogenic free-living amoeba. 
Infect Immun 62: 1298-1303.

18.	Zheng X, Uno T, Goto T, Zhang W, Hill JM, et al. (2004) Pathogenic 
Acanthamoeba induces apoptosis of human corneal epithelial cells. Jpn J 
Ophthalmol 48: 23-29.

19.	Chen L, He Z, Qin L, Li Q, Shi X, et al. (2011) Antitumor effect of malaria 
parasite infection in a murine Lewis lung cancer model through induction of 
innate and adaptive immunity. PLoS One 6: e24407.

20.	Choo JD, Lee JS, Kang JS, Lee HS, Yeom JY, et al. (2005) Inhibitory Effects 

of Toxoplasma Antigen on Proliferation and Invasion of Human Glioma Cells. 
J of  Korean Neurosurg Soc 37: 129-136. 

21.	Darani HY, Soozangar N, Khorami S, Taji F, Yousofi M, et al. (2012) Hydatid 
Cyst Protoscolices Induce Cell Death in WEHI-164 Fibrosarcoma Cells and 
Inhibit the Proliferation of Baby Hamster Kidney Fibroblasts In Vitro. Journal 
of Parasitology Research 2012: 4 pp.

22.	Atayde VD, Jasiulionis MG, Cortez M, Yoshida N (2008) A recombinant 
protein based on Trypanosoma cruzi surface molecule gp82 induces 
apoptotic cell death in melanoma cells. Melanoma Res 18: 172-183.

23.	Riganò R, Buttari B, Profumo E, Ortona E, Delunardo F, et al. (2007) 
Echinococcus granulosus antigen B impairs human dendritic cell 
differentiation and polarizes immature dendritic cell maturation towards a Th2 
cell response. Infect Immun 75: 1667-1678.

24.	Kanan JH, Chain BM (2006) Modulation of dendritic cell differentiation and 
cytokine secretion by the hydatid cyst fluid of Echinococcus granulosus. 
Immunology 118: 271-278.

25.	Nono JK, Pletinckx K, Lutz MB, Brehm K (2012) Excretory/secretory-products 
of Echinococcus multilocularis larvae induce apoptosis and tolerogenic 
properties in dendritic cells in vitro. PLoS Negl Trop Dis 6: e1516. 

26.	Huby F, Hoste H, Mallet S, Fournel S, Nano JL (1995) Effects of the excretory/
secretory products of six nematode species, parasites of the digestive tract, 
on the proliferation of HT29-D4 and HGT-1 cell lines. Epithelial Cell Biol 4: 
156-162.

27.	Huby F, Nano JL, Mallet S, Hoste H (1999) Effects of the excretory/secretory 
products of Trichostrongylus colubriformis on the growth of different cell lines. 
Int J Parasitol 29: 697-702.

28.	Semnani RT, Liu AY, Sabzevari H, Kubofcik J, Zhou J, et al. (2003) Brugia 
malayi microfilariae induce cell death in human dendritic cells, inhibit their 
ability to make IL-12 and IL-10, and reduce their capacity to activate CD4+ T 
cells. J Immunol 171: 1950-1960.

Submit your next manuscript and get advantages of SciTechnol 
submissions

�� 50 Journals
�� 21 Day rapid review process
�� 1000 Editorial team
�� 2 Million readers
�� More than 5000 
�� Publication immediately after acceptance
�� Quality and quick editorial, review processing

Submit your next manuscript at ● www.scitechnol.com/submission

Author Affiliations                                           Top

1Student Research Committee, Shahrekod University of Medical Sciencs, 
Shahrekord, Iran
2Department of Immunology, Shahrekod University of Medical Sciencs, 
Shahrekord, Iran
3Department of Parasitology, Faculty of medicine, Isfahan University of 
Medical Sciences, Isfahan, Iran

http://www.ncbi.nlm.nih.gov/pubmed?term=Akg%C3%BCl H%5BAuthor%5D&cauthor=true&cauthor_uid=14584087
http://www.ncbi.nlm.nih.gov/pubmed/17415440
http://www.ncbi.nlm.nih.gov/pubmed/17415440
http://www.ncbi.nlm.nih.gov/pubmed/17415440
http://link.springer.com/content/pdf/10.3103/S0096392508020053.pdf
http://link.springer.com/content/pdf/10.3103/S0096392508020053.pdf
http://link.springer.com/content/pdf/10.3103/S0096392508020053.pdf
http://link.springer.com/content/pdf/10.3103/S0096392508020053.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11433940
http://www.ncbi.nlm.nih.gov/pubmed/11433940
http://www.ncbi.nlm.nih.gov/pubmed/11433940
http://www.ncbi.nlm.nih.gov/pubmed/17290901
http://www.ncbi.nlm.nih.gov/pubmed/17290901
http://www.ncbi.nlm.nih.gov/pubmed/17290901
http://www.ncbi.nlm.nih.gov/pubmed/9660468
http://www.ncbi.nlm.nih.gov/pubmed/9660468
http://www.ncbi.nlm.nih.gov/pubmed/9660468
http://www.ncbi.nlm.nih.gov/pubmed/12717523
http://www.ncbi.nlm.nih.gov/pubmed/12717523
http://www.ncbi.nlm.nih.gov/pubmed/12717523
http://www.ncbi.nlm.nih.gov/pubmed/19039942
http://www.ncbi.nlm.nih.gov/pubmed/19039942
http://www.ncbi.nlm.nih.gov/pubmed/19039942
http://www.ncbi.nlm.nih.gov/pubmed/5127071
http://www.ncbi.nlm.nih.gov/pubmed/5127071
http://www.ncbi.nlm.nih.gov/pubmed/5127071
http://www.ncbi.nlm.nih.gov/pubmed/17923753
http://www.ncbi.nlm.nih.gov/pubmed/17923753
http://www.ncbi.nlm.nih.gov/pubmed/17923753
http://www.ncbi.nlm.nih.gov/pubmed/17923753
http://www.ncbi.nlm.nih.gov/pubmed/1558892
http://www.ncbi.nlm.nih.gov/pubmed/1558892
http://www.ncbi.nlm.nih.gov/pubmed/1558892
http://www.ncbi.nlm.nih.gov/pubmed/1606251
http://www.ncbi.nlm.nih.gov/pubmed/1606251
http://www.ncbi.nlm.nih.gov/pubmed/1606251
http://www.ncbi.nlm.nih.gov/pubmed/20585536
http://www.ncbi.nlm.nih.gov/pubmed/20585536
http://www.ncbi.nlm.nih.gov/pubmed/20585536
http://www.ncbi.nlm.nih.gov/pubmed/3971344
http://www.ncbi.nlm.nih.gov/pubmed/3971344
http://www.ncbi.nlm.nih.gov/pubmed/3971344
http://www.ncbi.nlm.nih.gov/pubmed/3734844
http://www.ncbi.nlm.nih.gov/pubmed/3734844
http://www.ncbi.nlm.nih.gov/pubmed/3734844
http://www.ncbi.nlm.nih.gov/pubmed/19488426
http://www.ncbi.nlm.nih.gov/pubmed/19488426
http://www.ncbi.nlm.nih.gov/pubmed/19488426
http://www.ncbi.nlm.nih.gov/pubmed/8132336
http://www.ncbi.nlm.nih.gov/pubmed/8132336
http://www.ncbi.nlm.nih.gov/pubmed/8132336
http://www.ncbi.nlm.nih.gov/pubmed/14767646
http://www.ncbi.nlm.nih.gov/pubmed/14767646
http://www.ncbi.nlm.nih.gov/pubmed/14767646
http://www.ncbi.nlm.nih.gov/pubmed/21931708
http://www.ncbi.nlm.nih.gov/pubmed/21931708
http://www.ncbi.nlm.nih.gov/pubmed/21931708
http://www.google.co.in/url?sa=t&rct=j&q=Inhibitory+Effects+of+Toxoplasma+Antigen+on+Proliferation+and+Invasion+of+Human+Glioma+Cells.+&source=web&cd=2&cad=rja&ved=0CDQQFjAB&url=http%3A%2F%2Fwww.jkns.or.kr%2Fhtm%2Fpdfdown.asp%3Fpn%3D0042005025&ei=rVH_UcSGL
http://www.google.co.in/url?sa=t&rct=j&q=Inhibitory+Effects+of+Toxoplasma+Antigen+on+Proliferation+and+Invasion+of+Human+Glioma+Cells.+&source=web&cd=2&cad=rja&ved=0CDQQFjAB&url=http%3A%2F%2Fwww.jkns.or.kr%2Fhtm%2Fpdfdown.asp%3Fpn%3D0042005025&ei=rVH_UcSGL
http://www.google.co.in/url?sa=t&rct=j&q=Inhibitory+Effects+of+Toxoplasma+Antigen+on+Proliferation+and+Invasion+of+Human+Glioma+Cells.+&source=web&cd=2&cad=rja&ved=0CDQQFjAB&url=http%3A%2F%2Fwww.jkns.or.kr%2Fhtm%2Fpdfdown.asp%3Fpn%3D0042005025&ei=rVH_UcSGL
http://www.hindawi.com/journals/jpr/2012/304183/cta/
http://www.hindawi.com/journals/jpr/2012/304183/cta/
http://www.hindawi.com/journals/jpr/2012/304183/cta/
http://www.hindawi.com/journals/jpr/2012/304183/cta/
http://www.ncbi.nlm.nih.gov/pubmed/18477891
http://www.ncbi.nlm.nih.gov/pubmed/18477891
http://www.ncbi.nlm.nih.gov/pubmed/18477891
http://www.ncbi.nlm.nih.gov/pubmed/17210662
http://www.ncbi.nlm.nih.gov/pubmed/17210662
http://www.ncbi.nlm.nih.gov/pubmed/17210662
http://www.ncbi.nlm.nih.gov/pubmed/17210662
http://www.ncbi.nlm.nih.gov/pubmed/16771863
http://www.ncbi.nlm.nih.gov/pubmed/16771863
http://www.ncbi.nlm.nih.gov/pubmed/16771863
http://www.ncbi.nlm.nih.gov/pubmed/22363826
http://www.ncbi.nlm.nih.gov/pubmed/22363826
http://www.ncbi.nlm.nih.gov/pubmed/22363826
http://www.ncbi.nlm.nih.gov/pubmed/9439903
http://www.ncbi.nlm.nih.gov/pubmed/9439903
http://www.ncbi.nlm.nih.gov/pubmed/9439903
http://www.ncbi.nlm.nih.gov/pubmed/9439903
http://www.ncbi.nlm.nih.gov/pubmed/10404263
http://www.ncbi.nlm.nih.gov/pubmed/10404263
http://www.ncbi.nlm.nih.gov/pubmed/10404263
http://www.ncbi.nlm.nih.gov/pubmed/12902498
http://www.ncbi.nlm.nih.gov/pubmed/12902498
http://www.ncbi.nlm.nih.gov/pubmed/12902498
http://www.ncbi.nlm.nih.gov/pubmed/12902498

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Culturing of tumor cells

	Results
	Discussion
	Acknowledgement
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

