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Abstract 

Echinococcus multilocularis metacestodes are a causative pathogen for alveolar 

echinococcosis in human beings, and have been found to express miRNAs including 

emu-miR-71. miR-71 is evolutionarily conserved and highly expressed across platyhelminths, 

but little is known about its role. Here it was shown that emu-miR-71 was differentially 

expressed in protoscoleces and was unlikely to be expressed in neoblasts. The results of the 

luciferase assay indicated that emu-miR-71 was able to bind in vitro to the 3’-UTR of emu-nlk, 

encoding a key regulator of cell division, causing significant downregulation of luciferase 

activity (p < 0.01) compared to the negative control and the construct with mutations in the 

binding site. Consistent with the decreased luciferase activity, transfection of emu-miR-71 

mimics into protoscoleces notably repressed emu-NLK (p < 0.05). These results demonstrate 

the suppression of emu-nlk by emu-miR-71, potentially involved in the protoscolex 

development. 

Keywords：：：：Echinococcus multilocularis; protoscolex; emu-miR-71; nemo-like kinase 

1. Introduction 

Echinococcus multilocularis is a tiny tapeworm in the small intestine of canids, and with the 

faeces, eggs are released into the surrounding environments. After ingestion of 

egg-contaminated food or water, rodents are infected and eventually eggs develop into 

alveolar protoscolex-containing metacestodes predominately in the liver. These larval 

parasites develop into adult worms when dogs and foxes consume the infected rodents, thus 

completing its life cycle. Occasionally, human beings can be also infected, causing alveolar 

echinococcosis, and it is estimated that there are 0.3 - 0.5 million human cases worldwide 
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(Craig, et al., 2007). Thus it is recognized as one of 17 neglected tropical diseases by World 

Health Organization. 

microRNAs (miRNAs) are one of small non-coding RNA species, and usually bind to the 3’ 

untranslated region (UTR) of targeted mRNAs, leading to inhibition of translation or 

degradation. miRNAs are extensively expressed in parasites from protozoans to helminthes 

and arthropods, and are proposed to be involved in cell proliferation, development, 

reproduction and responses to stresses (Zheng, et al., 2013). 

miR-71 is evolutionarily conserved in platyhelminths and is organized as a cluster with other 

miRNAs in the genomes, but the copy number varies from 5 in Schmidtea mediterranea to 1 

in cestodes (Jin, et al., 2013). In Caenorhabditis elegans, miR-71 knockout has been shown to 

have an adverse effect on survival from starvation-induced L1 diapause, feasibly resulting 

from the blockage of vulval cell division (Zhang, et al., 2011). Moreover, miR-71 also plays a 

crucial role in lifespan extension mediated by dietary restriction and germline removal in C. 

elegans via multiple mechanisms (Boulias and Horvitz, 2012, Smith-Vikos, et al., 2014). 

Schistosoma japonicum miR-71 was one of abundant miRNAs and was differentially 

expressed, with a higher level in eggs and lower in female adult worms, suggesting a role in 

the embryo development (Cai, et al., 2013). miR-71 was also highly expressed in E. 

multilocularis and Echinococcus canadensis (Cucher, et al., 2015). E. multilocularis miR-71 

(emu-miR-71) was recently proposed to be involved in parasite-host interactions and the 

biological activities of neoblasts (Zheng, et al., 2013, Zheng, et al., 2016), which are only a 

cell population that drives the growth and development in platyhelminths (Spiliotis, et al., 

2008). Yet a role of emu-miR-71 remains elusive. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

4 
 

Here emu-miR-71 was shown to be differentially expressed in protoscoleces and was unlike 

to be expressed in neoblasts. In vitro and in vivo experiments revealed that emu-miR-71 was 

able to inhibit nemo-like kinase (NLK) by targeting its 3’-UTR, suggesting a potential role in 

the protoscolex development.  

2. Materials and methods 

2.1 Parasites 

E. multilocularis Qinghai isolate was artificially passaged in 4- to 6-week old DBA/2 mice 

(Vitalriver, China) in our lab. E. multilocularis metacestodes were collected 3 months post 

intraperitoneal inoculation of protoscoleces and were kept at 37°C, 5% CO2, in RPMI-1640 

(ThermoFisher Scientific, USA) supplemented with 10% fetal bovine serum (Invitrogen, 

USA), unless stated otherwise. 

All mice were raised in an animal facility in Lanzhou Veterinary Research Institute (LVRI), 

China. The animal experiments were assessed and approved by Animal Ethics Committee of 

LVRI. 

2.2 In situ hybridization  

A locked nucleic acid (LNA) modified oligonucleotide probe specific for emu-miR-71 was 

labeled by digoxin at both 5’ and 3’ ends and synthesized (Huirui Biotechnology, China). The 

probe sequence was as follow: 5'-TCTCACTACCATCGTCTTTCA-3' (bases with LNA 

modifications indicated in bold). A probe with identical modifications 

(5'-TCTACCATCACTGCTCTTTCA-3') was used as a control. 

Freshly-dissected metacestodes were immediately fixed in 4% paraformaldehyde for 24 h and 

then processed for preparation of paraffin sections. For in situ hybridization, sections were 
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dewaxed in xylene and then hydrated in ethanol series. After three washes in PBS, sections 

were processed at 37°C for 30 min in PBS with 20 µg/mL Proteinase K, followed by 

incubation at room temperature (RT) for 15 min in PBS with 0.2 M HCl. Sections were 

prehybridized at 50°C for 1 h in prehybridization buffer (50% formamide, 5×SSC, 0.1% 

Tween-20, 0.1 mg/mL yeast RNA and 10 mM DTT), and then incubated at 50°C for 40 h in 

hybridization buffer (prehybridization buffer plus 10% dextran sulphate) with 20 ng/mL of 

LNA-modified probe. After hybridization, sections were washed in probe washing buffer (50% 

formamide, 5×SSC and 0.01% Tween-20), and then rinsed in filtered maleic buffer (99.4 

mM maleic, 167 mM NaCl and 0.1% Triton-100, pH 7.5). Washed sections were preincubated 

at RT for 30 min in blocking solution (maleic buffer plus 1% blocking reagent (Roche, 

Germany)), followed by incubation at 37°C for 30 min in blocking solution with 1: 2000 

diluted phosphatase-linked anti-digoxin IgG (Roche, Germany). After washes in maleic buffer, 

sections were incubated in color development solution (0.1 M Tris, pH 9.5, 0.1 M NaCl and 

0.05 M MgCl2) with 5-bromo-4-chloro-3-indolyl phosphate/p-nitrobluetetrazolium chloride 

(BCIP/NBT, Roche, Germany) until signal was visible. Sections were dehydrated in 

ethanol-xylene series and mounted. Images were captured under microscopy (Olympus, 

Japan).  

2.3 Fluorescent immunohistochemistry 

Sections were deparaffinized and hydrated as mentioned above. Antigen unmasking was 

conducted at a sub-boiling temperature for 10 min in 10 mM sodium citrate, pH 6.0, followed 

by incubation at 37°C for 10 min in Tris buffered saline (TBS) with 0.3% Triton-100 and then 

in TBS with 3% H2O2. After washes in TBS, sections were blocked in TBS with 5% BSA and 
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0.3% Triton-100, and incubated overnight at 4°C in TBS with 2% BSA, 0.3% Triton-100 and 

1: 200 diluted rabbit anti-phospho-histone H3 (Ser10) antibody (Cell Signaling, USA). After 

washes, sections were further incubated at RT for 30 min in TBS with 2% BSA, 0.3% 

Triton-100 and 1: 1000 diluted Alexa Fluor 594-conjugated goat anti-rabbit IgG antibody 

(ThermoFisher Scientific, USA), followed by addition of mounting medium containing a 

nucleus stain DAPI (Cell Signaling, USA). Images were recorded under fluorescent 

microscopy (Leica, USA). A normal rabbit serum was used as a control. 

2.4 RNA Extraction 

Total RNA of E. multilocularis metacestodes was extracted using TRIzol (ThermoFisher 

Scientific, USA) according to the instructions with some modifications. In brief, samples 

were homogenized, centrifuged and mixed with chloroform. After centrifugation, 10 µg of 

glycogen were added, mixed and incubated overnight at -20°C for RNA precipitation. The 

pellets were resolved in nuclear-free water (ThermoFisher Scientific, USA). RNA quality was 

assessed by Bioanalyzer (Agilent, USA). 

2.5 emu-miR-71 target gene prediction  

Using C. elegans database and miR-71 as a query, three different programs, including 

TargetScan, PicTar and microRNA.org, were used for target prediction. Potential target genes 

involved in growth and development, which were commonly predicted by these three 

programs, were retained for further analysis. Using theses selected genes as queries, 

conserved E. multilocularis homologues with an e-value less than 1e-15 were retrieved from 

GeneDB (http://www.genedb.org/Homepage/Emultilocularis). Minimum free energy of 

miRNA and mRNA duplexes was calculated using RNAhybrid and RNAup. 
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2.6 Plasmid construction 

Using 2 µg of the extracted total RNA of E. multilocularis metacestodes, the full length of nlk 

3'-UTR was amplified by rapid amplification of cDNA ends (RACE) according to the 

instructions. Briefly, first-strand cDNA was synthesized using 3'-Full RACE Core Set with 

PrimeScript RTase kit (Takara, China) and then two rounds of PCR reactions were performed 

first using the outer primer: 5'-CCAGTATTCGTTACGCTCTGATC-3' and then using the 

inner primer: 5'-TCTCCACTCCCCTACCAAATCC-3' according to the instructions. The 

PCR product was purified and sequenced (Takara, China). 

For the luciferase plasmid construction, PCR of the nlk 3'-UTR fragment was conducted using 

a pair of primers: 5'-GAGCTCCTTTGGGATTCGTTTTTTC-3' (forward) and 

5'-CTCGAGGGCCAAATATGTACGTAC-3' (reverse, both restriction enzyme sites of Sac I 

and Xho I underlined), with the following steps: 94°C for 3 min, 30 cycles of 94°C for 30 s, 

60°C for 30 s and 72°C for 1 min, and then 72°C for 10 min. The PCR product was purified 

and subcloned into PmirGLO Dual-Luciferase vector (Promega, USA) and sequenced (Takara, 

China). The positive construct was designated as WT-NLK. The full length of nlk 3'-UTR 

with mutations in the putative binding site for emu-miR-71 was artificially synthesized 

(GENEWIZ, China), and was also subcloned into PmirGLO Dual-Luciferase vector and 

sequenced. The positive construct was designated as Mut-NLK. 

2.7 Luciferase assay 

2 ×105 HEK293T cells were seeded in 24-well plates and were co-transfected per well with 

1.5 µg of WT-NLK or Mut-NLK and 75 pmol of emu-miR-71 mimic or negative control 

(ThermoFisher Scientific, USA) using Lipofectamine 2000 (ThermoFisher Scientific, USA). 
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The luciferase activity was measured 24 h post transfection using a Dual-Glo Luciferase 

Assay System (Promega, USA) according to the instructions. Fluorescent intensity was 

recorded using GloMax96 (Promega, USA). 

2.8 Production of rabbit polyclonal antibodies against emu-NLK 

To prepare polyclonal antibodies against E. multilocularis NLK (emu-NLK), a synthetic 

peptide (537-551 residues of emu-NLK) conjugated to Keyhole Limpet Hemocyanin (KLH) 

was artificially synthesized (Chinapeptides, China). Three rabbits were immunized with the 

peptide mixed with Quick Antibody adjuvant (Biodragon, China) according to the instructions. 

Sera were collected, and immunoglobulin G (IgG) was purified by protein G affinity 

chromatography (GE, Germany).  

2.9 Transfection of emu-miR-71 mimics into protoscoleces  

Protoscoleces were freshly isolated from metacestode tissues as described previously (Koziol, 

et al., 2014). 100 µL electroporation buffer (Bio-Rad, USA) containing approximately 2,000 

protoscoleces were placed into a 2-mm cuvette, and emu-miR-71 mimics or negative control 

was added to give a final concentration of 5 µM. Electroporation was performed at 100 V, 800 

µF using an exponential decay pulse (Gene Pulser II, Bio-Rad, USA). The treated 

protoscoleces were collected 72 h post electroporation for later use. 

2.10 Protein preparation 

Crude proteins of metacestodes were prepared as previously reported (Cai, et al., 2008). For 

protoscolex proteins, transfected protoscoleces were homogenized in radio 

immunoprecipitation assay (RIPA) buffer and further processed as previously reported (Cai, 

et al., 2008). 
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2.11 Western blotting 

Protein samples were separated on 10% SDS-PAGE gel and then transferred to PVDF 

membranes. After blocking, membranes were incubated overnight at 4°C with 1: 1000 of 

anti-emu-NLK antibody, anti-actin beta antibody (AnaSpec, China) or anti-enolase antibody 

(Zhang, et al., 2015). After wash and incubation with 1: 10000 diluted goat anti-rabbit IgG 

secondary antibody (Sigma, Germany), membranes were visualized by exposing X-ray films 

using Pierce ECL Western Blotting Substrate (ThermoFisher Scientific, USA). 

2.12 Statistical analysis 

Statistical analyses were performed using GraphPad Prism 5. A two-tailed unpaired t test 

analysis was used to investigate the difference between two groups, with a p value less than 

0.05 being considered as significant difference.  

3. Results 

3.1 emu-miR-71 was differentially expressed in protoscoleces 

As shown in Fig. 1A, in situ hybridization signals (dots in purple) were only observed in 

parasites but not in the liver. emu-miR-71 seemed to be differentially expressed in 

protoscoleces at the different developmental stages (Fig. 1A), with a higher level in the 

protoscoleces without hooks (a and b in Fig. 1A) and lower in the ones with hooks (c and d in 

Fig. 1A), suggesting a role in the protoscolex development. Using a control probe, no 

hybridization signals were observed (data not shown). 

3.2 emu-miR-71 seemed not to be specially expressed in neoblasts 

Using phospho-histone H3 (Ser10) as a mitosis marker, neoblasts were detected in 

protoscoleces. The distribution of H3 (Ser10)+ cells in protoscoleces was likely to be 
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dispersed without a definite pattern, and only a small number of H3 (Ser10)+ cells were 

observed in a single protoscolex (Fig. 1B). In contrast, neoblasts were notably distinct from 

emu-miR-71 (Fig. 1A) in the tissue distribution in protoscoleces, suggesting that emu-miR-71 

is not specifically expressed in neoblasts. Using negative rabbit serum, no fluorescent 

immunohistochemistry signals were observed (data not shown). 

3.3 emu-miR-71 target prediction and generation of anti-emu-NLK antibody 

A total of 399, 202 and 2,177 potential targets were predicted by TargetScan, PicTar and 

miRNA.org, respectively, 85 of which were commonly shared, and 13 were screened out, 

mainly involved in embryonic morphogenesis, germline proliferation, development timing 

and body length (Table S1 and Fig. S1). Among these candidates, NLK was first selected for 

downstream analysis, of which the 3’-UTR contained only one putative binding site for 

emu-miR-71 that was located at the nucleotides 186-191 (Fig. S1).  

Western blotting analysis showed that the purified antibodies were specifically reacted with 

the native emu-NLK and produced a single band with the expected size (Fig. S2), indicating 

the specificity of anti-emu-NLK antibodies. 

3.4 emu-miR-71 repressed emu-NLK by binding to its 3'-UTR in vivo 

To verify whether the nlk gene is a direct target of emu-miR-71, WT-NLK and Mut-NLK 

constructs were prepared for in vitro luciferase reporting analysis (Fig. 2A). The results 

showed that the emu-miR-71 mimics significantly decreased the luciferase activity in 

WT-NLK-transfected HEK293T cells compared to the negative control-transfected (p < 0.01, 

Fig. 2B). To further examine whether the repression is dependent on the putative miRNA 

binding site, Mut-NLK construct with mutations in the binding site (Fig. 2A) was 
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co-transfected with emu-miR-71 mimics into HEK293T cells, and the repression was 

drastically abrogated (p < 0.01, Fig. 2B), suggesting that emu-miR-71is able to bind to the nlk 

3’-UTR.  

To further test the effect of emu-miR-71 on emu-NLK expression in vivo, protoscoleces were 

transfected by emu-miR-71 mimics. The results showed that emu-miR-71 mimics 

significantly down-regulated the level of emu-NLK protein compared to the negative control 

(normalized to ACTIN, p < 0.05, Fig. 2C). Taken together, these results indicate that 

emu-miR-71 can repress emu-NLK expression by directly targeting its 3'-UTR. 

4. Discussion 

In E. multilocularis, emu-miR-71 was shown to be highly expressed (Cucher, et al., 2015). 

Here it was also shown that emu-miR-71was highly expressed in protoscoleces without hooks 

and less in ones with hooks, suggesting that it is tightly regulated in expression and plays a 

role in the protoscolex development. Additionally, emu-miR-71 was unlikely to be expressed 

in neoblasts. This finding suggests that emu-miR-71 may be functionally divergent from S. 

mediterranea miR-71, of which the expression was remarkably decreased after neoblasts 

were selectively killed (Palakodeti, et al., 2006). In this study, we failed to co-localization of 

emu-miR-71 and H3 (Ser10)+ cells due to technological difficulties. To investigate the 

associations of emu-miR-71 with neoblasts, it will be needed to check its expression status in 

E. multilocularis irradiated by X-ray in future studies. 

Only a small number of H3 (Ser10)+ cells in protoscoleces were observed, inconsistent with a 

previous study that estimated at least 30% neoblasts, also called germline cells, in 

metacestodes (Spiliotis, et al., 2008). One possible explanation is that most of neoblasts in 
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protoscoleces are in a dormant state. This idea is indirectly supported by the observation of a 

significantly-increased number of Edu+ cells (5-ethynyl-2’-deoxyuridine, Edu) in 

protoscoleces after artificial activation (Koziol, et al., 2014). Alternatively, this discrepancy 

may result from the co-presence of multiple subpopulations of neoblasts, some of which lack 

common mitosis markers. In Shistosoma mansoni, stem cell-like cells undergo asymmetry 

division, producing different offsprings with different ability in BrdU incorporation (Collins, 

et al., 2013). Distinct neoblast subpopulations have been experimentally identified in 

planarians (Hayashi, et al., 2006) , and they are basically similar in morphology but shows 

difference in the tissue distribution and expression pattern of X-ray irradiation-sensitive 

molecules including miRNAs (Eisenhoffer, et al., 2008, Hayashi, et al., 2006, Sasidharan, et 

al., 2013). Recently, E. multilocularis neoblasts were also proposed to have different 

subpopulations (Koziol, et al., 2014). Future experimentations will be required to investigate 

these cells in aspects of gene expression and a role in the development.  

miRNAs are key regulators in most biological activities. Although miRNAs have been 

identified in many parasites and during parasitic infections, only a small number of them have 

been characterized functionally (Zheng, et al., 2013). In E. multilocularis, it was here found 

that emu-miR-71 was expressed in a tightly-regulated way. In addition, emu-miR-71 was also 

found to suppress emu-NLK, a homologue to C. elegans LIT-1. LIT-1 is a key player in 

asymmetry of cell division during early embryogenesis, and downregulation of lit-1 leads to 

transition of seam cells from asymmetric division to symmetric division in C. elegans 

(Harandi and Ambros, 2015). Moreover, LIT-1 is a component of the asymmetry 

Wnt/β-catenin pathway, involved in multiple cell fate decisions in C. elegans, and also acts 
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with actin and its regulator to control amphid sensory compartment morphogenesis 

(Oikonomou, et al., 2011). Taken together, emu-miR-71 is suggested to play a potential role in 

the protoscolex development via regulation of emu-NLK.  
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Figure legends 

Fig.1 Tissue distribution of emu-miR-71 and neoblasts in protoscoleces 

(A) In situ hybridization analysis of emu-miR-71. (B) Localization of neoblasts by fluorescent 

immunohistochemistry. Protoscoleces without hooks (a and b), with hook-armed invaginated 

(c) or evaginated rostellum (d). For both, approximately 30 fields were observed and only 

representative microscopic images were shown. LL, laminated layer; liver, mouse liver.  

Fig. 2 Suppression of emu-NLK by emu-miR-71  

(A) Schematic representation of a putative binding site for emu-miR-71 in the nlk 3’-UTR. 

The mutated nucleotides are underlined. (B) emu-miR-71 binding to the nlk 3’-UTR in vitro. 

WT-NLK (without mutations) or Mut-NLK (with mutations) construct was co-transfected into 

293T cells with either negative control (NC) or emu-miR-71 mimics (miR-71). Luciferase 

activities were measured after 24 h transfection. (C) Suppression of emu-NLK by 

emu-miR-71 in vivo. Representative western blotting from three independent experiments is 

shown. Densitometric levels of NLK signals were quantified and normalized to ACTIN. All 

data are collected from at least three independent experiments and are shown as mean ± s.m.e. 

*p<0.05, **p<0.01. 
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Supplementary files: 

Table S1 Putative target genes of emu-miR-71 

Fig. S1 Flow chart for prediction of emu-miR-71 potential targets 

Fig. S2 The nucleotide sequence of the nlk 3’-UTR 

Fig. S3 Preparation of polyclonal anti-emu-NLK antibodies 

(A) Purification of rabbit anti-emu-NLK antibodies by protein G affinity chromatography. M, 

protein molecular weight markers (kDa); lane 1, before purification; lane 2, after purification. 

(B) Recognition of native emu-NLK by purified anti-emu-NLK. M, protein molecular weight 

markers (kDa); lane 1, reacted with a negative serum; lane 2, reacted with purified 

anti-emu-NLK antibodies. 
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Highlights 

 

1. emu-miR-71 was differentially expressed in protoscoleces. 

2. emu-miR-71 was not specifically expressed in neoblasts. 

3. emu-miR-71 repressed emu-NLK by directly targeting its 3'UTR. 

4. emu-miR-71 may play a role in the protoscolex development via regulation of emu-NLK. 


