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Abstract

Background: In recent decades platyhelminths have been used as model organisms to ad-
dress some of the fundamental questions related to the growth and development of animal
organisms. Epidermal Growth Factor Receptors (EGFR) and Transforming Growth Factor
beta (T'GF-beta) have a regulatory role in the growth and development of Echinococcus spe-
cies. This study determined the effect of alpha-tocopherol on the expression of EGFR and
TGF-beta genes in three in vitro developmental stages of E. granulosus.

Methods: E. granulosus protoscoleces were cultured in diphasic medium containing bovine
serum and CMRL 1066. Three developmental stages of E. granulosus, i.e. invaginated proto-
scoleces, evaginated protoscoleces and three-proglottid worms, were treated by alpha-
tocopherol (250 ug/ml for 36 h) and the expression of EGFR and TGF-beta genes wete
evaluated by using qPCR analysis.

Results: Intact protoscoleces were successfully developed to the segmented worms in di-
phasic culture media. Higher levels of both EGFR and TGF-beta gene expression were
observed in the invaginated protoscoleces as well as the segmented worms in comparison to
the non-treated controls.

Conclusion: Administration of alpha-tocopherol to different developmental stages of E.
granulosus significantly enhanced EGFR and TGF-beta expression in the parasite. Both oxi-
dant and non-oxidant activities of alpha-tocopherol could explain the study findings. Over-
expression of the genes could in turn enhance growth factor effects and facilitates the via-
bility of the parasite.
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Introduction

ajor advances have been made in
our knowledge of the molecular and
cellular biology of invertebrates us-

ing different animal model systems
(1). In recent decades using helminths as
model organisms, some of the fundamental
questions related to the biology and develop-
ment of animal organisms have been ad-
dressed. Among platyhelminths, the tape-
worms (Cestoda) are a group of parasitic hel-
minths with complex life cycles involving de-
finitive and intermediate hosts. Several ces-
tode species have been selected for different
in vivo and in vitro studies, including species
within genus Taenia, Echinococcus and Hymenole-
pis. Taenia crassiceps (2), T. solinm (3), Hymenolepis
diminuta (4), Mesocestoides corti (5), as well as dif-
terent Echinococcus species.

Echinococcus granulosus is a zoonotic helminth
in Taeniidae family with a worldwide distribu-
tion. The adult worms mature in the small in-
testine of canid definitive hosts and the larval
stage (metacestode), which is a fluid-filled cyst
containing larval organisms called protoscole-
ces, lives in the visceral organs of the interme-
diate hosts, including herbivorous or omniv-
orous livestock. Cystic echinococcosis caused
by the metacestode stage, has been shown to
impose major economic and medical burdens
on human and animals (6). Understanding the
cellular and molecular basis of the growth,
development and proliferation of the parasite
is essential for reducing burden and disease
control.

Growth and development in Echinococcus are
regulated by Epidermal Growth Factor (EGF)
as well as Transforming Growth Factor beta
(TGF-beta) signaling. In Echinococcus nultilocu-
laris there is evidence that the host EGF is
likely to affect germ cell proliferation probably
through its effect on the tyrosine kinase recep-
tor, which is a member of the family of Echino-
coccus BEGE receptors (EGEFR) (7, 8). Host-
derived EGFs are likely to act through tyro-
sine kinase, which is a member of the family
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of EGFR of E. multilocularis (7). EGF can
stimulate the proliferation of cells in the para-
site and may interfere with the TGf-3 / BMP
family in metacestode infections of vertebrate
hosts. It has recently been found in vitro that
host TGF- B interacts with the parasite TGF-
B receptors to enhance the growth of Taenia
crassiceps metacestodes (9). In the closely relat-
ed taxa in digenean trematodes, Schistosoma,
similar patterns have also been demonstrated
for tyrosine kinase receptors for insulin and
EGF (10, 11).

Vitamin E is a major lipid-soluble compo-
nent of biological membranes. The most im-
portant biological role of vitamin E is its anti-
oxidant role (12, 13). Antioxidant action of
vitamin E as a peroxyl radical scavenger is well
known and described by many researchers (14,
15). In recent decades the non-antioxidant
molecular functions of vitamin E have been
widely investigated. Tocopherols and tocotri-
enols interact with the genes involved in oxi-
dative stress, inflammation and apoptosis,
growth, longevity, cellular signaling and gene
expression in single cells such as Rozfer
philodina, Paramecinm tetranrelia, and Saccharomy-
ces cerevisiae and nematodes e.g. Caenorhabditis
elegans and Turbatrix aceti and some of insects
and rodents (12). In addition, Alpha-
Tocopherol has been shown to regulate some
genes possibly involved in the cell prolifera-
tion functions and signal transduction (10).
The deficiency of vitamin E causes alterations
in the gene expression as down/up-regulation,
in some of the genes involved in the stimula-
tion of cell growth, apoptosis, protein folding
and starting of cell cycle (16, 17). Alpha-
tocopherol at concentrations ranging from 25
to 50 uM regulates signal transduction path-
ways through mechanisms other than antioxi-
dant activity (18).

Our understanding of the nature of growth
and development in E. granulosus has been
considerably improved through the successful
in vitro cultivation of the tapeworm. One of
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the fascinating phenomena in the biology of E.

granulosus is its ability of growth and develop-
ment either into the metacestode or the adult
strobilated stages in different culture media
(19). Smyth and colleagues introduced the
parasite as an appropriate laboratory model
for studying invertebrate biology by doing a
variety of in vitro experiments on E. granulosus
cultivation in mono- and diphasic culture sys-
tems (20). These experiments paved the way
for further research and extensive studies on
the parasites’ genomics, drug effects, molecu-
lar and developmental biology (21).

There is little information on alpha-
tocopherol effects on the genes involving in
TGF- 8 and EGFR expression. The purpose
of the present study was to determine the ef-
fects of alpha-tocopherol on EGFR and TGF-
B genes of three developmental stages of E.
granulosus including intact invaginated proto-
scoleces, evaginated protoscoleces and stro-
bilated worms.

Materials and Methods

Parasite materials and in vitro cultivation

Hydatid cysts were collected from Kerman
municipal abattoir from naturally infected
sheep liver. The cysts were immediately trans-
ferred to the laboratory, hydatid fluid contain-
ing protoscoleces was aspirated into a 50 ml
tube and the parasites, as well as the entire
laminated/germinal layers, were placed in stet-
ile PBS (pH 7.4). Protoscoleces and brood
capsules were washed four times in PBS, for
5-10 min. Viability of protoscoleces was de-
termined by their flame cell motility and eosin
exclusive test (22). Parasite batches with the
>90% viability rates were used for in vitro cul-
tivation.

The culture medium contained two-phases,
bovine serum as the solid phase and the liquid
phase, containing 260 ml CMRL1066 1X, 1.4
ml of 5% dog bile, with penicillin (100
IU/mL) and streptomycin (100 fg/mL), 36
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ml of 5% yeast extract, 0.341 g sodium bicar-
bonate (10 mM), 1.93 ¢ HEPES (20 mM), 5.6
ml of 30% glucose, and FBS was added to a
final volume of 405 ml. Then, 4 to 5 ml of the
liquid phase was added to the 25-ml flasks
containing solid phase (20, 23).

For evagination, intact invaginated protosco-
leces in CMRL 1066 1x base medium contain-
ing 25 ul of dog bile and penicil-
lin/streptomycin, were shaken at 90 rpm for
18 to 24 h at 37 °C in a CO2 incubator
(Memmert GmbH, Germany). The protosco-
leces were transferred to a diphasic culture
medium under sterile conditions at 37 °C. The
medium was replaced every 3-5 days with
fresh culture media. The parasites were exam-

ined regularly for growth and segmentation
(24).

DNA Extraction and Genotyping

For parasite genotype identification total ge-
nomic DNA was extracted using commercial
DNA extraction kits according to the manu-
facturer instructions (Tissue Genomic DNA
Extraction Mini Kit, Favorgen Biotech Corp.,
Taiwan) Briefly, Micropestles were used to
grind the protoscoleces. After overnight incu-
bation with Proteinase K (10mg/ml) at 60 °C,
the sample was thoroughly vortexed until the
protoscoleces was lysed completely. The DNA
quality was evaluated with NanoDrop 2000c
Spectrophotometer (Thermo Fisher Scientific,
USA) and the samples were kept at -20 °C un-
til use. PCR amplifications were performed
using /B3 (forward) and JB4.5 (reverse) pri-
mers (Table 1) on cox7 gene as described earli-
er followed by Sanger sequencing (25, 20).
The sequences were managed using BioEdit
software (V.7.0.9.0), aligned with representa-
tive reference sequences and definitive identi-
fication was made by NCBI BLASTn program
(https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi). The
sequence data were deposited in NCBI Gen-
Bank.
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Table 1: Primer sequences used for qPCR analysis of Epidermal Growth Factor Receptor (EGFK) and Trans-

forming Growth Factor beta (TGF- ) genes expression and parasite genotyping based on Cytochrome C oxi-
dase subunit 1 (cox7). Beta actin was used as the housekeeping reference gene

Gene name primer Sequences of forward and reverse primers
name
EGFR Eg-egfr 5"CCTTGTTAGACCACCATCAC-3'F
5“GCGTCTTTAATCCCACTACC-3'R
TGF-beta Eg-tef 5“"AGATGCGTGCTGAAGATG-3'F
5"CAGGTGTTTGAGAAGGATAAGA-3'R
Cox1 JB3 S"“TTTTTTGGGCATCCTGAGGTTTAT-3'F

JB4.5 5"TAAAGAAAGAACATAATGAAAATG-3'R

Beta Actin ACTB

5"“TAAAGAAAGAACATAATGAAAATG-3'F

5-GTCGGTCGTGATCTGACTGA-3'R

Alpha-tocopherol treatment of protoscole-
ces and strobilated worms

In a 96-well plate 250 pg/ml alpha-
tocopherol (Serva, Heidelberg, Germany) was
added in each well on the 200 ul protoscoleces
suspension for 36 h. For the strobilated
worms, in a 12-well plate at least 10 worms
were added to each well supplemented with
the solid phase with the same alpha-
tocopherol concentration and time. Dose-
response study was carried out with different
times and alpha-tocopherol concentrations.
Finally of various the treatment period the
protoscoleces were removed from each well
and stored at -70 °C for later work. Untreated
controls were considered for each experiment
and all the tests were done in duplicate.

RNA Extraction, cDNA synthesis and
qPCR analyses

Total RNA for each parasite stage was ex-
tracted using Blood/Cultured Cell Total RNA
Purification Mini Kit (Favorgen Biotech Corp.,
Taiwan) for each parasite stage in treated as
well as non-treated controls. The quantity and
quality of RNA were assessed using Nano
Drop 2000c Spectrophotometer (Thermo
Fisher Scientific, USA). cDNA synthesis was
performed with the extracted RNA using a
commercial kit (cDNA Synthesis Kit, YTA,
Iran) according to the manufacturet’s instruc-
tions.

Available at: http://ijpa.tums.ac.ir

Using available information on the genomic
structure of E. granulosus and the databases,
GeneDB (https://www.genedb.org/), appro-
priate primers were designed as described in
Table 1. qPCR analysis was performed for
measuring relative gene expression levels using
SYBR Green qPCR master Mix kit (YTA Co.,
Iran). According to the manufacturet's proto-
col, SYBR Green qPCR Mix (5 ul), forward
and reverse primer (1 pl), template DNA
(1.5 ul) were prepared and nuclease free wa-
ter was added to a final volume of 20 ul. The
PCR analyses were carried out in Rotor-Gene
Q 6000 (QIAGEN, Hilden, Germany) with a
thermal program of initial denaturation at
95 °C for 20 sec to 3 min, denaturation at
95 °C for 5 sec in 40 cycles, annealing and ex-
tension 60 °C for more than 20 sec in 40 cy-
cles. No-template control (all but cDNA) was
used in all amplification reactions. B-actin was
used as the positive reference gene.

Statistical analysis

One-way ANOVA test were used to evalu-
ate the impact of alpha-Tocopherol on EGFR
and TGF- f expressions among three devel-
opmental stages of E. granulosus compared to
the controls. Data analysis was performed us-
ing GraphPad Prism version 8 software.
272" method was used for relative quantifica-
tion between the stages. P<0.05 was consid-
ered statistically significant.
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Results

In vitro cultivation

Intact protoscoleces were successfully de-
veloped to the segmented worms in diphasic
culture media (Fig. 1). Three or more proglot-
tid worms were obtained in about two months
after protoscoleces in vitro cultivation. Differ-
ent phases of invaginated protoscoleces de-
velopment to the segmented worms are illus-
trated in Fig. 1a to Fig. 1f.

Genotyping

DNA from all the stages was successfully
extracted and the PCR amplification of the
target gene produced a 460 bp cox1 fragment.
After Sanger sequencing, the parasite was
identified as E. granulosus sensu stricto Gl
genotype. The sequence data obtained from
the parasite was deposited in the NCBI Gen-
Bank under the accession number MG832791.

Fig. 1: In vitro developmental stages of Echinococcus granulosus in diphasic culture system; (a) intact invaginated
protoscoleces, (b) evaginated protoscoleces, (c) Excretory canals and bladder formation, (d) Segmented worm
with one proglottid, (¢) Segmented worm with two proglottids and (f) three or more proglottid worms

qPCR results of TGf- and EGFR
Alpha-tocopherol treatment (250 gg/ml al-
pha-tocopherol for 36 h) resulted in a signifi-
cant increase in the expression of EGFR in
the invaginated protoscoleces and segmented
worms compared to the controls. However,
there was no significant difference in evagi-
nated protoscoleces between alpha-tocopherol
and control groups (Fig. 2a). As shown in Fig.
2d, the results indicated a significant increase
in the expression of TGF-f gene in the invagi-
nated protoscoleces and segmented worms
compared to the control groups. Similar to
EGFR, no significant difference was found in
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the TGF- § expression in evaginated protosco-
leces compared to the controls (Fig. 2d).

Comparing non-treated controls, evaginated
protoscoleces presented the highest EGFR
expression in comparison with invaginated
protoscoleces and segmented worms. This
was not the case for TGF- § in which the gene
expression in the segmented worms was sig-
nificantly higher than invaginated and evagi-
nated protoscoleces (fig. 2b and 2e). Regard-
ing the parasite EGFR/ TGF- f genes fre-
sponse to alpha-tocopherol treatments, the
segmented worms presented the highest ex-
pressions of both genes compared to the oth-
er two stages (Fig. 2c and 2f).
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Fig. 2: Comparative analysis of the effect of alpha-tocopherol (&T) (250 pg/ml for 36 h) on the expression of
Epidermal Growth Factor Receptor (EGFR) and Transforming Growth Factor beta (TGF- f) in three devel-
opmental stages of E. granulosus (PSCi: invaginated protoscoleces; PSCe: evaginated protoscoleces; SW3: seg-

mented worms with three proglottids).

Panel a-f: Expression changes of EGIR (a) and TGI- g (d) induced by &T compared with no-treatment con-
trols. Comparison of expression changes of EGFR and TGF- f in the three developmental stages in untreated
(b and e) and treated groups (c and f).

*P<0.05, ¥**P<0.01, and ***P<0.001, ****P<0.0001

Discussion

Evidence indicated the effect of different cy-
tokines and hormones on EGF and TGF- 3
signaling in a wide range of eukaryotic organ-
isms including insects, nematodes and mam-
mals. In the present study in different devel-
opmental stages of E. granulosus, we explored
the effects of alpha-tocopherol on the expres-
sion of two important signaling molecules that

Available at: http://ijpa.tums.ac.ir

control essential functions related to growth
and development in many cell types, i.e. the
receptor tyrosine kinase, EGFR and TGF- 3
as a multifunctional peptide. Several cellu-
lar/molecular functions have been attributed
to vitamin E including alpha-tocopherol as
one of the main compounds in vitamin E
family.

The most well-known biological role of al-
pha-tocopherol is its antioxidant activity and
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radical scavenging. However, non-antioxidant
functions of alpha-tocopherol have recently
been demonstrated in eukaryotic organisms
including different protozoan and helminth
parasites (27). Several studies have investigated
the interactions of vitamin E compounds with
different genes involved in the basic cellular
phenomena such as cellular signaling, growth,
oxidative stress, longevity, inflammation and
apoptosis (12). However, there are not much
data on the role of alpha-tocopherol in the
cellular and molecular biology of platyhel-
minths.

Findings of the present study indicated the
significant effects of alpha-tocopherol on
EGFR and TGF- g in certain developmental
phases of E. granulosus. Pronounced over-
expression of both EGFR and TGF- § were
observed in the strobilated worms as well as
the invaginated protoscoleces. Nevertheless,
the evaginated protoscoleces of E. granulosus
did not show any significant changes of the
genes expression after alpha-tocopherol
treatment. This is following several other stud-
ies confirming the inductive role of alpha-
tocopherol on the expression of EGFR and
TGF- p (28-30). The effect of alpha-
tocopherol on the cell regulation and expres-
sion of several genes including TGF- § in hu-
man cell lines has been investigated. A signifi-
cant overexpression of TGF- f has been
demonstrated in human smooth muscle cells
(SMCs) and fibroblasts (31). In another study
EGFR signaling pathway in E. multilocularis
promoted germinative cell proliferation upon
in vitro addition of 100 ng/ml recombinant
human EGF and therefore EGFR/ERK sig-
naling pathway has been suggested as a poten-
tial therapeutic target for the treatment of al-
veolar echinococcosis (7). As our findings in-
dicated that alpha-tocopherol increased the
expression of EGFR gene in E. granulosus, use
of both alpha-tocopherol and EGF have a
synergistic effect on EGFR gene overexpres-
sion. Further in vitro and in vivo studies on
this issue are required to elucidate the nature
of the parasite response to vitamin E.
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Considerable homology of cell signaling of
receptor  tyrosine- and  receptor  set-
ine/threonine kinases have been shown in
Echinococens and its hosts (32), therefore the
same alpha-tocopherol-induced overexpres-
sion processes could be explained for E. grans-
losus as for human cell lines.

Our results indicated that while alpha-
tocopherol exerted no significant effect on
EGFR expression in the evaginated protosco-
leces, highly significant difference in EGFR
expression was observed in the in vitro seg-
mented worms (P<0.0001, Fig. 2a). Similar
findings were obtained for TGF- f when
comparing evaginated protoscoleces and the
segmented worms with their no-treatment
controls (P<0.0001, Fig. 2d).

It has been demonstrated in several parasitic
organisms including Plasmodinm and Schistosoma
species that the parasites use vitamin E to
avoid oxidative stress (33). As was mentioned
earlier the antioxidant function of vitamin E
compounds could explain the findings of the
present study. Increasing amounts of antioxi-
dant levels led to a decrease of free radicals
and this can protect the organisms against cy-
totoxic actions of free radicals (34).

Comparing the expression of the genes stud-
ied in various stages, a general pattern of in-
creasing expression of EGFR and TGF- § was
documented during growth and segmentation
of E. granulosus in vitro (Figs. 2b and 2e). Simi-
lar findings have been reported with other
genes such as SwadD, HoxB7 and notch genes
(35). This is a meaningful finding particularly
tor SmadD, as we know this gene is a down-
stream factor of TGF- § signaling (32). The
genes involving in TGF- $ and/or EGFR
pathways are known to have a role in the
growth, development, cell proliferation and
differentiation of eukaryotic organisms (30).

Conclusion
To our knowledge this study is the first ex-

amination of alpha-tocopherol effects on E.

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

Nosratabadi et al.: The Effect of Alpha-Tocopherol on the Expression of Epidermal Growth ...

granulosus in an in vitro culture system. Admin-
istration of alpha-tocopherol to different stag-
es of E. granulosus significantly enhanced
EGFR and TGF- f expression. Overexpres-
sion of the genes could, in turn, enhance
growth factor effects and improves living
conditions of the parasite.

Acknowledgements

The authors wish to thank Dr. Ali Afgar and
Mr. Alireza Keyhani for their valuable tech-
nical assistance in the study.

Financial support

This study has been conducted as part of a
Ph.D. thesis of SN in the Science and Re-
search Branch, Islamic Azad University and
the Research Center for Hydatid Disease in
Iran, Kerman University of Medical Sciences.

Conflict of interest

The authors declare that there is no conflict
of interest.

References

1. Hemphill A. Development and applications of
cestode and trematode laboratory models. Pat-
asitology. 2010;137(3):329-33.

2. Willms K, Zurabian R. Taenia crassiceps: in vivo
and in  vitro models.  Parasitology.
2010;137(3):335-46.

3. Flisser A, Avila G, Maravilla P, et al. Taenia
soliunr. current understanding of laboratory an-
imal models of taeniosis. Parasitology.
2010;137(3):347-57.

4. McKay DM. The immune response to and
immunomodulation by Hymenokpis diminuta.
Parasitology. 2010;137(3):385-94.

5. Alvarez JI, Mishra BB, Gundra UM, et al. Meso-
cestoides corti intracranial infection as a mutine
model for neurocysticercosis. Parasitology.
2010;137(3):359-72.

Available at: http://ijpa.tums.ac.ir

10.

11.

12.

13.

14.

15.

16.

17.

18.

Valizadeh, M., B. Haghpanah, A. Badirzadeh,
et al. Immunization of sheep against Edhinococ-
cus granmlosus with protoscolex tegumental sur-
face antigens. Vet World. 2017; 10(8): 854-858.
Cheng Z, Liu F, Li X, et al. EGF-mediated
EGFR/ERK  signaling pathway promotes
germinative cell proliferation in Edbinococcus nul-
tilocularis that contributes to larval growth and
development. Plos Neg Trop Dis. 2017;11(2):
e0005418.

Konrad C, Kroner A, Spiliotis M, et al. Identi-
fication and molecular characterisation of a
gene encoding a member of the insulin recep-
tor family in Echinococcus multilocularis. Int | Para-
sitol. 2003;33(3):301-12.

Adalid-Peralta I, Rosas G, Arce-Sillas A, et al.
Effect of transforming growth factor-8 upon
taenia solinm and Taenia crassiceps Cysticerci. Sci
Rep. 2017;7(1):12345.

Osman A, Niles EG, Verjovski-Almeida S, et
al. Schistosoma mansoni TGF-B receptor 1I: role in
host ligand-induced regulation of a schisto-
some target gene. PloS Pathog. 2006;2(6): e54.
Vicogne ], Cailliau K, Tulasne D, et al. Conser-
vation of epidermal growth factor receptor
function in the human parasitic helminth Sebzs-
tosoma  mansoni. ] Biol Chem. 2004;
279(36):37407-14.

Ernst I, Pallauf K, Bendall ], et al. Vitamin E
supplementation and lifespan in model organ-
isms. Ageing Res Rev. 2013;12(1):365-75.
Wang X, Quinn PJ. Vitamin E and its function
in membranes. Prog Lipid Res. 1999;38(4):309-
36.

Fusi E, Rebucci R, Pecorini C, et al. Alpha-
tocopherol counteracts the cytotoxicity in-
duced by ochratoxin a in primary porcine fi-
broblasts. Toxins. 2010;2(6):1265-78.

Traber MG, Atkinson J. Vitamin E, antioxidant
and nothing more. Free Radical Bio Med.
2007;43(1):4-15.

Azzi A, Gysin R, KempnA P, et al. Vitamin E
mediates cell signaling and regulation of gene
expression. Ann N Y Acad Sci. 2005;
1031(1):86-95.

Rimbach G, Minihane AM, Majewicz ], et al.
Regulation of cell signalling by vitamin E. P
Nutr Soc. 2002;61(4):415-25.

Khanna S, Roy S, Ryu H, et al. Molecular basis
of vitamin E action tocotrienol modulates 12-
lipoxygenase, a key mediator of glutamate-

175


http://ijpa.tums.ac.ir/

19.

20.

21.

22.

23.

24.

25.

26.

27.

176

Iran J Parasitol: Vol. 15, No. 2, Apr-Jun 2020, pp.168-176

induced neurodegeneration. ] Biol Chem.
2003;278(44):43508-15.

Smyth J, Howkins A, Barton M. Factors con-
trolling the differentiation of the hydatid organ-
ism, Echinococens granmlosus, into cystic ot strobi-
lar stages in vitro. Nature. 1966; 211:1374-7.
Smyth |, Davies Z. In vitro culture of the stro-
bilar stage of Echinococcus granulosus (sheep
strain): a review of basic problems and results.
Int J Parasitol. 1974;4(6):631-44.

Thompson R, Jenkins D. Edbinococcus as a mod-
el system: biology and epidemiology. Int J Par-
asitol. 2014;44(12):865-77.

Smyth |, Batrett N. Procedures for testing the
viability of human hydatid cysts following sur-
gical removal, especially after chemotherapy.

Trans R Soc Trop Med Hyg. 1980;74(5):649-52.
Mohammadzadeh T, Sadjjadi S, Rahimi H, et al.

Establishment of a modified in vitro cultivation
of protoscoleces to adult Ecbinococcus granulosus,
an important way for new investigations on
hydatidosis. Iran J Parasitol. 2012;7(1):59-60.
Mousavi SM, Afgar A, Mohammadi MA, et al.
Calmodulin-specific small interfering RNA in-
duces consistent expression suppression and
motphological changes in Edbinococcus grannbosus.
Sci Rep. 2019;9(1):3894.

Matini, M., M. Roostaei, M. Fallah, et al. Ge-
netic identification of Ecbinococcns granulosus iso-
lates in Hamadan, Western Iran. Iran | Parasi-
tol. 2018;13(3): 423-429.

Hajialilo E, Harandi MF, Sharbatkhoti M, et al.
Genetic characterization of Edbinococcus granu-
losus in camels, cattle and sheep from the south-
east of Iran indicates the presence of the G3
genotype. ] Helminthol. 2012;86(3):263-70.

Azzi A, Ricdareli R, Zingg J-M.
Non-antioxidant molecular functions of
a-tocopherol  (vitamin E). FEBS Lett.

2002;519(1-3):8-10.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Tasanarong A, Kongkham S, Duangchana S, et
al. Vitamin E ameliorates renal fibrosis by inhi-
bition of TGF-beta/Smad2/3 signaling path-
way in UUO mice. ] Med Assoc Thai. 2011;94:
S1-9.

Wu K, Liu BH, Zhao DY, et al. Effect of vit-
amin E succinate on expression of TGF-1, c-
Jun and JNK1 in human gastric cancer SGC-
7901  cells. World ]  Gastroenterol.
2001;7(1):83-87.

Yiang GT, Chen JN, Lin PS, et al. Combined
treatment with vitamin E and gefitinib has syn-
ergistic effects to inhibit TGF-B1-induced renal
fibroblast  proliferation. Mol Med Rep.
2016;13(6):5372-8.

Azzi A, Gysin R, Kempna P, et al. Regulation
of gene expression by a-tocopherol. Biol Chem.
2004;385(7):585-91.

Brehm K, Spiliotis M. The influence of host
hormones and cytokines on Ecbinococcns nulti-
locnlaris signalling and development. Parasite.
2008, 15(3):286-90.

Sussmann RA, Fotoran WL, Kimura EA, et al.
Plasmodinm faleiparmm vses vitamin E to avoid
oxidative stress. Parasite Vector. 2017;10(1):461.
Kivane 1, Celik BA, Karakoc Z, et al. Oxi-
dant/Antioxidant Status, PON1 and ARES
Activities, Trace Element Levels, and Histolog-
ical Alterations in Sheep with Cystic Echino-
coccosis. Iran ] Parasitol. 2018;13(3):448-456.
Dezaki ES, Yaghoubi MM, Spiliotis M, et al.
Compatison of ex vivo harvested and in vitro
cultured matertials from Echinococcus granntosus by
measuring expression levels of five genes puta-
tively involved in the development and matura-
ton of adult worms. Parasitol Res.
2016;115(11):4405-16.

Dezaki ES, Yaghoobi MM, Taheri E, et al.
Differential Expression of Hox and Notch
Genes in Larval and Adult Stages of Edbinococ-
cus  granmbosus.  Korean ] Parasitol.  2016;
54(5):653-658.

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

