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Aceepted 21 Jun 2015 Background: FEchinococons multilocularis is a tiny tapeworm, responsible for 0.3~0.5
million alveolar echinococcosis in humans.

Methods: We searched relevant papers published between 1981 and 2013 based

Keywords: on the database sources such as PubMed and Google scholar, and collected and
Echinococcus munltilocu- integrated the data for analysis.

laris, Results: The parasite is able to use host-originated molecules to modulate its de-
Signalling pathway, velopment and has complex signalling pathways than expected previously. E. wult-
Alternative splicing locularis utilizes many types of alternative splicing approaches to generate transcript

isoforms. Recently, the genome of E. multilocularis has been deciphered.
Conclusion: These data will give us a profound understanding of biology of E.

;;:orr-tlespondence multilocularis, which will promote the use as a model to study helminths.

mail:

zhengyadong@caas.cn.

Introduction
. multilocularis, regarded as an inde- mission between two different hosts. Alveolar
pendent species in the 1950s (1), is a echinococcosis (AE) by E. multilocularis is con-
tiny tapeworm of fox with four or sidered as one of neglected diseases. It is esti-

five segments, around 1.2~4.5mm, and com- mated that there are nearly two billion human

pletes an entire round of a life cycle via trans- infections of helminths in the world and Echi-
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nococcus contributes to the infections, around
2~3 million cases with 0.3~0.5 million AE (2).
With the completion of the genome and es-
tablishment of in vitro cultivation, E. multilocu-
laris has been used as a potential model for
studies of helminths.

Methods

This search aimed to identify all valuable
and relevant information considering a pro-
found understanding of biology of E. multilocu-
laris. The search covered the papers published
between 1981 and 2013. Electronic searching
was performed based on the international da-
tabases such as PubMed, Science Direct and
Google scholar. The following key words:
"Echinococcns multilocularis "' and "Echinococ-
cosis" were used as queries.

Results

Signalling pathways of E. multilocularis
The signalling systems in animals are primar-
ily influenced by two factors genetic heritage
and living environment. Investigations of the
signalling pathways in a given organism there-
fore allow us to understand profoundly the
plasticity and evolution as well as often to de-
velop efficient therapies. It is roughly esti-
mated that the actions of more than 25% of
commercialized medicines or drugs in the
wortld are dependent on the pathway of G
protein-coupled receptors (3). In the parasitic
process, platyhelminths have evolved to com-
municate efficiently with hosts to harmonize
their conflicts, balance immune responses and
minimize the damages. Both hosts and para-
sites benefit from the dynamic balance that
grantees parasite-induced damages to hosts at
a reasonable level and in turn, to some extent,
provides parasites nutrients. The activation of
mitogen-activated protein kinase (MAPK)
pathway in hepatic cells, which was observed
especially near liver lesions in AE patients (4),
reflects effects of E. multilocularis itself on host
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signalling systems. Similarly, E. multilocularis
may take advantage of host-derived ligands,
such as hormones, to facilitate infection and
development (5). Parasite-parasite communi-
cations are also required to control their popu-
lation size or individual size in terms of com-
petition potentially via a conspecific parasite-
parasite signalling, which is supported by a
natural phenomenon of that the change of
physical sizes of parasites will occur upon in-
creased intensity at the parasitic sites. For in-
stance, Eurytrema spp. is usually 10~13mm X
6~7mm in a size but this trematode becomes
smaller, around 5mm X 2mm, when the popu-
lation increases dramatically in the pancreatic
ducts of cattle (6).

In the evolutionary tree of animals, platyhel-
minths are positioned as an early emerging
lineage in metazoans but they seem to lack
ancestral signalling molecules and do possess
the signal families (7), of which many are com-
monly found in mammals, demonstrating the
feasible divergence of signal families before
the emergence of platyhelminths. Furthermore
some signal components from the flatworms
can interact with the downstream signal mole-
cules derived from mammals, suggesting the
structural and functional conservations in sig-
nal proteins from platyhelminths to mammals
(5, 7, 8). As mentioned previously, the specific
structures and the close contact with external
environment render the tegument of parasitic
platyhelminths to play important roles in sig-
nal transductions. These findings are con-
sistent with the idea of hormonal host-parasite
cross communication, which proposes the de-
velopmental functions of signal molecules of
host origin by means of binding receptor tyro-
sine kinase (RTK) and receptor set-
ine/threonine kinase (RSTK) on the surface
of parasites, and the modulation of parasitic
microenvironment induced by parasite cyto-
kines that function after binding to host re-
ceptors (8). However, the majority of the sur-
face molecules strongly associated with signal
functions and the pathways remain to be iden-
tified. The signal networks in Echinococcus

bl
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species, even in cestodes, have been largely
unexplored until the nucleus genome, ex-
pressed sequence tag (EST), transcriptome
and proteome projects have been launched
and some of them have already finished or
nearly finished. So far, the epidermal growth
factor and transforming growth factor path-
ways in E. multilocularis, encompassing seven-
teen related genes, have been experimentally
characterized (8).

The TGF-§ family has two subfamilies type
I and type 1II, participating in a wide range of
physiological regulations. The binding of lig-
ands to TGF-B type II on the cell surface re-
cruits TGF-$ type I RSTK and then activates
type I receptor kinase after the phosphoryla-
tion occurs under the actions of the ligand-
TGF-3 type 11 complex. The activation gives
rise to phosphorylation of receptor-regulated
Smad proteins (R-Smad) and thus the trans-
duction of signals from outside to inside cells
are fulfilled. The further transduction is exe-
cuted by other Smad proteins and other pro-
teins (7). Co-regulatory Smad (Co-Smad), 14-
3-3e, SmRK1 interacting protein (SIP) and
eukaryotic initiation factor subunit 2 alpha
(eIF2a), for example, appear to be involved in
the TGF-B TGF pathway in Shistosoma mansont,
which also possesses TGF-$ type I and TGF-
B type II (9-12). In total, three type 1 receptors,
one type II receptor and five Smad proteins
have been found present in E. multilocularis (8).
Of five Smads, four EmSmads A, B, C and E
are grouped into two R-Smad subclasses
TGF-B/activin (AR-Smad) and TGF-3/BMP
(BR-Smad) and one EmSmad D into Co-
Smad. In particular, unlike BR-Smad EmSmad
B, AR-Smad proteins EmSmad A and C have
no conserved domain at the N terminus that is
related to DNA binding and they seem to
have different activation properties. EmSmad
D is capable of formation of the complex with
three R-Smads that is transported into the nu-
cleus to regulate transcription of target genes.
Similar to TGF-§ type I receptor of S. mansoni
(13), E. multilocularis transforming growth fac-
tor EmTR1 can function together with hu-
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man-derived BR-Smad to modify EmSmad B
at the conserved motif via phosphorylation
(14). However, in vitro studies have shown
that there are no significant effects on devel-
opment or phenotypic change of both flat-
worms when exposed to host BMP2 or TGF-
B (8, 15). The mechanisms involved are still
unclear and have to be clarified. One possible
explanation is the existence of a feedback
network that tolerates high concentration of
host cytokines. It is worth to determine the
real events of the TGF pathway in the period
of infection. In E. multilocularis, the TGF
pathway may link to Erk-like mitogen-
activated protein kinase (MAPK) pathway via
EmSmad D and to signal transduction of lip-
ophilic hormones via the interaction of EmS-
mad C with a transcriptional co-regulator
EmSKIP (8).

In the EGF receptor cascade, the cytoplas-
mic region of phosphorylated RTK binds to
such SH2 domain-containing proteins as Grb
and SOS, which interact with Ras signalling
pathway that activates transcription factors by
a serial of cascade reactions of MAPK and
corresponding kinases (7). In contrast to the
insulin receptors in other animals, an insertion
of 516bp is observed in the conserved tyrosine
kinase domains in RTKs of tapeworms and
flukes (8), which is most likely to be associated
with regulation of signalling processes. The
homologue to each of the EGF signal mole-
cule families is to be encoded in E. multilocu-
laris, of which the expression is in a life-long
pattern. In addition, two other molecules that
are potentially involved in the EGF/Ra-
s/MAPK cascade, Em14-3-3 and EmPDZ-1,
were also identified. Recently, Em14-3-3 and
EmPDZ-1 have been found to interact with
EmMKK?2 that constitutes the MAPK cas-
cade (16) and with an ezrin-radixin-moesin
family component Elp (17), respectively. Sev-
eral lines of in vitro evidence suggest that in-
sulin-induced signalling is critical in eatly de-
velopment of E. multilocularis larvae, and that
the host-derived EGF can influence the
growth and development of this parasite
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through the EGF/Ras/MAPK pathway (8).
The ideas are compatible with the speculation
that §. mansoni competes the EGF-like mole-
cule of intermediate hosts which is expressed
in the alumen gland in snail, Lymnaea stagnalis,
resulting in parasitic castration (7). These find-
ings are of great interest in the rapeutical as-
pect and attempts that control vesicle growth
and inhibit the differentiation of neoblasts by
intervention of the EGF/Ras/MAPK path-
way have already been done using some spe-
cific inhibitors (8). Concerning the importance
of this pathway in better understanding of the
development of the parasite during infection,
in vivo investigations are needed to verify the
above presumptions.

Genomic structures of E. multilocularis
With a few exceptions from Eucestoda and
Turbellaria families, the majority of platyhel-
minths have no sex chromosomes and they
tend to have a small number of chromosomes
generally with haploid chromosomes of less
than ten (7). The karyotypes of cestodes ap-
pear to be various, ranging from six to twenty.
For E. granulosus and E. multilocularss, the dip-
loid chromosome set is 2n = 18 and there are
no chromosome morphological differences
between these two species (18, 19). It is well
known that the changes of chromosome in
number and size occur during in vitro cultiva-
tion largely due to endoreduplication. After 40
passages, the cells from E. multilocularis larvae
encompassed 14~104 chromosomes that are
classified into three types telocentric, subtelo-
centric and metacentric but 91~100 chromo-
somes are dominant (20). In addition to this,
the chromosome morphology tends to be re-
lated with chromosome quantity and the ge-
nome rearrangement is supposed to occur
during cultivation, evidenced by morphologi-
cal changes of chromosomes that are com-
monly discernible in cells with more than 59
chromosomes or more. Interestingly, these
cells with abnormal karyotypes still exhibited
infective ability to grow up into cyst masses
when inoculated into cotton rats (20), suggest-
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ing the retainability of differential capacity in
the cells. However, the fate of these extra
chromosomes is unclear post inoculation. The
dramatic alteration in a chromosome number
has been also recently described in in vitro
cultured cells of E. granulosus (21).

The completion of the draft sequence of hu-
man genome has fuelled studies on genomes
and related fields of other eukaryotic organ-
isms. In particular, the advent of next-genera-
tion sequencing technologies, such as 454, Il-
lumia and SOLID that are theoretically differ-
ent from Sanger sequencing approach, renders
the possibilities for sequencing the entire ge-
nome in an affordable way, thus leading to the
likelihood of real personalized therapy or
medicine that mainly relies on individual herit-
age data. In flatworms, the variation of nuclear
genome sizes is striking, ranging from 50Mb
tor Turbellatia Stenostomum spp. to 18,390Mb
tor Turbellaria Otomesostoma — auditivum (7).
However, the huge genomic divergence in size
is carefully appreciated due to the presence of
polypoidy that are pervasively found in Turbel-
laria species. The genome size of E. multilocu-
laris is ~115 Mb, encoding 10,345 genes (22).
The GC content of E. multilocularis genomic
DNA is approximately 44% and the bias of
codon usage is observed in the coding regions
of highly expressed genes in E. granulosus (23,
24), which has also been reported in Shistosoma
spp. (7).

The mitochondrial genome of E. multilocu-
laris is 13,738bp long with a high AC content
up to 69%, comprising 2 noncoding regions
and 36 genes and lacking a gene coding
ATPase subunit 8 that does not exist in nema-
tode mitochondrial DNA (25). With few or no
introns or spacers, all the genes are tightly or-
ganised on the same strand, which is often
conserved in the phylum Platyhelminth (7, 20).
Intriguingly, two noncoding regions contain
inverted repeats that are able to form hairpin
structures and may function in the replication
and transcription (25).

Numerous families of repetitive sequences,
contributors to a genome size, are present in
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parasitic flatworms investigated including
Echinococcus species and they seem to be
valuable in diagnosis and species identification
because the repetitive sequences/elements are
species- or genus-specific with regard to ex-
pression (7). S. mansoni, for example, possess
40% repetitive sequences that are fairly close
to 40.1% in 8. japonicum, containing 72 families
of long-terminus repeat (LTR) and non-LTR
transposons that account for 15% and 5% of
the genome (364Mb), respectively (27, 28).
There are several types of repetitive sequences
present in E. granulosus, of which the 186bp-
long TREg element is genus-specific at strain-
dependent copies from 120 to 23,000, while
the EgG1 Hae 111 is species-specific, dispersed
in the genome with approximately 7,000 cop-
ies (29-31). However, the functions of these
repetitive elements remain elusive.

Gene expression of E. multilocularis

Spliced-leader #rans-splicing (SL. #rans-splic-
ing) is an ancient eukaryotic feature, which
was first described in Trypanosoma brucei and
subsequently found in other organisms includ-
ing Buglenozoa, Turbellaria, Trematoda, Ces-
toda, Nemathelminthes, Chordates and Cni-
daria (32). The proportion of RNA that is
transcriptionally modified via SL #rans-splicing
is various. It is estimated that SI.-containing
mRNA accounts for 10%~20% in S. manson:
(33), while the percentage reaches up to 70 in
Caenorbabditis elegans (34). It is well known that
SLs are absolutely conserved in nematodes but
not in trematodes. Homological analysis of
SLs in platyhelminths supports the idea of the
common ancestral origin (7).

In the phylum Platyhelminth, SL #ans-splic-
ing are present in all Digenea species investi-
gated so far but absent in Monogenea (7). In
Cestoda and Turbellaria, this RNA editing ap-
proach seems to be complicated and numer-
ous studies have shown that some parasites
possess this type of splicing but the others not,
presumably suggesting the independent loss or
gain of the SL trans-splicing in these lineages
(32). The gain of SL. RNAs might happen
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from an Sm-binding U snRNA or from a part
of a gene that has the promoter, the first exon
and part of the first intron, and the dysfunc-
tion of the SL #ans-splicing can result from
the depletion of the SL. RNA or a key constit-
uent for a SL small ribonucleoprotein particle.
There is to date no direct evidence to crystal-
lize the relationship between the gain or loss
of SL #rans-splicing and evolution in cestodes
and planarias. The finding that SL frans-
splicing is present in chordates supports the
idea that vertebrates might have lost this
mRNA editing mechanism during evolution
(35), indirectly evidenced by the fact that C.
elegans S RNA can be utilized to #rans-splice
in mammalian cells (36), and the SL #ans-
splicing lack may have been driven by genome
expansion (32).

The presence of SL #rans-splicing in E. multi-
locularis was firstly identified by the facts that
there are two elp transcripts that differ from
the first small exons that are not likely to re-
side at the same locus (37). E. multilocularis S1.
and SL. RNA are 36bp and 104bp in size, re-
spectively, with 97% and 98% similarity of
that of E. granulosus. The SL. RNA-coding gene
copies are considerably lower in E. multilocu-
laris than these in trematodes and nematodes.
25% of E. multilocularis mRNA, approximately
4,600 transcripts of which 40% exhibit differ-
ential expression, are estimated to undergo SL
trans-splicing but the profile of SL #rans-spliced
mRNA illustrates no correlation between
trans-spliced mRNA and corresponding pro-
tein functions (38). In addition, the SL #ans-
splicing shows no tissue- or stage-specific fea-
tures, which has also been reported in trema-
todes (7, 38).

Alternative splicing (AS), inclusion of differ-
ent exons of a mRNA precursor (pre-mRNA)
during maturation, is an essential editing event
in multicellular organisms, by which more
than 90% human genes are modified (39). AS
is considered present in almost the entire eu-
karyotic kingdom but AS events are more in
higher eukaryotes than lower eukaryotes and
alternatively spliced genes are more in verte-
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brates than invertebrates. Moreover, AS
shows tissue or stage specificity and is com-
mon among regulatory protein-coding genes
(40). AS comprises of four types exon skip-
ping, intron retention, and alternative 5 splice
site (SS) and 3’ 8§ selection. It is worthwhile
mentioning that the SL #ans-splicing described
above is a rare and special type of AS. Exon
skipping that accounts for ~40% of AS events
is dominant in higher organisms, while intron
retention (around 30%) prevails in plants,
fungi and protozoa (41), demonstrating ex-
traordinary differences of distinct AS types in
contribution to phenotypic complexity. It is
noted that our growing and profound under-
standing of AS has been benefiting from ex-
tensive applications of cutting-edge ap-
proaches including splicing-sensitive microar-
ray, next-generation sequencing technologies
and other genome wide studies. Generally AS
results in mRNA variants that encode protein
isoforms with different functions and prema-
ture stop codon-containing RNA species that
are subsequently degraded via a nonsense-
mediated mRNA decay pathway (42). A large
number of mRNA variants that are synthe-
sized through AS, to a large extent, fills the
gap between human gene number and differ-
ent proteins that are predicted to be produced
(43). The occurrence of alternatively-spliced
mRNA with premature stop code is at a low
frequency. 75% of AS can influence coding
regions of genes, mostly loop or coiled parts
on the surface of corresponding proteins that
may alter interactions between proteins, loca-
tion or/and catalytic capacity (40, 44). A
mounting body of studies has shown the
strong connections between aberrant AS and
human diseases including cancers in which
mutations in an exon, intron, or splicing do-
nor or acceptor site of tumor suppressor
genes occur and adversely affect the produc-
tion of normal transcripts (42, 45).

In cestodes, exon-skipping splicing was first-
ly reported in Taenia solinm, a causative agent
of cysticercosis (40). It is also reported that
both E. granulosus and E. multilocularis can skip
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alternative exon (s) to generate different
mRNA transcripts from a single multi-exon
pre-mRNA (47, 48). E. multilocularis mitogen-
activated  protein  kinasel-coding  gene
(emmpkl), for instance, contains 10 introns,
dispersing on a 6.7kb chromosomal locus. In
the splicing, introns from 1 to 8 and 10 are
completely removed and another two alterna-
tive splicing acceptor sites in intron 9 are uti-
lized, allowing intron fragments to be served
as coding sequences and leading to formation
of three different molecules that are constitu-
tively expressed in metacestodes, invaginated
protoscoleces and activated protoscoleces.

Strikingly, Echinococens species can combine
different AS patterns, such as exon skipping
and SL #rans-splicing, to expand protein diver-
sity from an individual gene. The transcription
of thioredoxin glutathione reductase (TGR) in
E. granulosus exemplifies this concept. There
exist two variants of TGR that are equally ex-
pressed but localized in mitochondrion and
cytoplasm, respectively (47). With combined
use of SL #rans-splicing and exon skipping,
removal of exon I that offers a signal for mi-
tochondrial translocation makes difference
between these TGR transcripts that are sup-
posed to be translated into the same proteins.
Two potential mechanisms were postulated to
be involved in the splicing but the presence of
a transcription initiation site in intron 1 sug-
gests that two TGR mRNA molecules may be
derived from different pre-mRNA transcripts.
This combined use of different AS that yields
different transcripts was also described in E.
multilocnlaris (37). There is no direct evidence
to illuminate whether or not exon skipping
occurs before SL #rans-splicing in the process
of mRNA editing. Moreover, it is not clear
whether mRNA variants are pervasively pro-
duced in an approach of combined AS types
in Echinococcus parasites.
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Conclusion

Concerning the importance of signalling
pathways during parasite infection, in vivo
investigations are needed to verify the above
presumptions. With the completion of the ge-
nome and establishment of E. multilocularis, it
has been used as a potential model for studies
of helminths.
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