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Echinococcus granulosus Protoscolex DM9 Protein
Shows High Potential for Serodiagnosis of Alveolar
Echinococcosis
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Abstract: Alveolar echinococcosis (AE) caused by infection with E. multilocularis metacestode, represents one of the
most fatal helminthic diseases. AE is principally manifested with infiltrative, proliferating hepatic mass, resembling primary
hepatocellular carcinoma. Sometimes metastatic lesions are found in nearby or remote tissue. AE diagnosis largely de-
pends on imaging studies, but atypical findings of imaging features frequently require differential diagnosis from other he-
patic lesions. Serological tests may provide further evidence, while obtaining reliable AE materials is not easy. In this
study, alternative antigens, specific to AE were identified by analyzing E. granulosus protoscolex proteins. An immunoblot
analysis of E. granulosus protoscolex showed that a group of low-molecular-weight proteins in the range from 14 kDa to
16 kDa exhibited a sensitive and specific immune response to AE patient sera. Partial purification and proteomic analysis
indicated that this protein group contained myosin, tubulin polymerization promoting protein, fatty-acid binding protein,
uncharacterized DM9, heat shock protein 90 cochaperone tebp P-23, and antigen S. When the serological applicability of
recombinant forms of these proteins was assessed using enzyme-linked immunosorbent assay, DM9 protein (EgDM9)
showed 90.1% sensitivity (73/81 sera tested) and 94.5% specificity (172/181 sera tested), respectively. rEgDM9 showed
weak cross-reactions with patient sera from the transitional and chronic stages of cystic echinococcosis (3 to 5 stages).

rEgDM9 would serve as a useful alternative antigen for serodiagnosis of both early- and advanced-stage AE cases.
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INTRODUCTION

Echinococcus multilocularis metacestode infection causes alve-
olar echinococcosis (AE), a major zoonotic helminthiasis. AE
is widely distributed in alpine areas in Europe, Central Asia,
northwestern China, the northern part of Japan, and North
America [1,2]. Humans are infected by incidental contraction
with eggs expelled from canine definitive hosts. When humans
become infected with eggs, they are activated in the small in-
testine (oncosphere), released into the bloodstream, end up
lodged in the liver, and grow slowly to form multivesicular
cystic masses, in which brood capsules, primary cells, and pro-
toscolices develop [3].

AE lesion is typically manifested with infiltrative hepatic
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mass. Sometimes metastatic AE lesions are found in the dis-
tinct tissues/organs other than the liver [3]. Patients may com-
plain of abdominal pain, jaundice, hepatomegaly, and weight
loss during infection. However, most infections are asymp-
tomatic, usually taking 10 to 15 years after infection, until the
mass causes a space-occupying effect or metastatic lesions de-
velop |4]. Patients mostly suffer from non-operable lesions or
chronic liver failure when symptoms appear, requiring contin-
uous treatment and monitoring. Early diagnosis and radical
treatment may contribute to reducing the disability-adjusted
life years and even death [4].

Diagnosis of AE largely depends on a combination of imag-
ing and serological tests [5-7]. However, imaging studies in-
CT),

and/or magnetic resonance (MR) examinations often require

cluding ultrasonography (US), computed tomography (

a differential diagnosis from other hepatic space-occupying le-
sions, even for experienced physicians due to their atypical
findings. Serological tests may provide additional evidence for
AE [5]. A bundle of proteins was searched for AE serodiagno-
sis. A recombinant II/3 antigen was isolated by screening E.
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multilocularis cDNA library with pooled serum of patients with
AE [8]. Another 54 kDa mucin-containing glycoprotein Em2,
localized in the laminated layer of E. multilocularis vesicle, was
purified by immunoaffinity chromatography by filtering cross-
reactive components with cystic echinococcosis (CE) patients’
sera |9,10]. However, since the immunodominant epitope of
Em2 protein is composed of trisaccharides (Galal-4Galp1-
3GalNAc), widely distributed in several trematodes, the pro-
tein caused cross-reaction against sera of other helminthic in-
fections [11]. Another study isolated a 65 kDa Em10 protein
(Emll/3) by cDNA library screening using pooled AE patient
sera [12]. Two E. multilocularis protoscolex proteins at 16 kDa
and 18 kDa (Em16/18) were reported to have a sensitivity and
specificity of approximately 85%, but these molecules only re-
act with serum samples from active stage AE [13,14]. More-
over, these proteins are partial fragments of ezrin-like protein,
derived from the ezrin-radexin-moesin family. These proteins
bear same epitope, which is hard to detect diverse polyclonal
antibodies circulating in infected individuals [15]. The identi-
fication and characterization of novel serodiagnostic biomark-
ers for AE may be beneficial for diagnosing AE in various clini-
cal settings [16].

In an effort to seek an alternative antigen available for AF,
we analyzed diagnostic applicability of E. granulosus protosco-
lex proteins. A protein designated as uncharacterized DM9 of
E. granulosus (EgDM9; CDJ22470) was found to have high di-
agnostic performance. We assessed the diagnostic feasibility of
bacterially expressed recombinant EgDM9 (rEgDM9) in sero-
logical diagnosis of AE patients.

MATERIALS AND METHODS

Parasite and serum samples

E. granulosus protoscolex and hydatid fluid (CE2 stage) were
collected from the sheep livers at a slaughterhouse in Xining,
Qinghai, China. The E. multilocularis protoscolex was a gener-
ous gift from Dr. Wang (Qinghai Centers for Diseases Control
and Prevention). The protoscolices were washed with physio-
logical saline containing protease inhibitor cocktail (1 tab-
let/25 ml, Complete, Roche, Swiss), homogenized with a Tef-
lon-pestle crusher, and centrifuged at 20,000 g for 1 hr at 4°C.
Hydatid fluid was cleared at 500 g for 2 min, followed by cen-
trifuged at 20,000 g for 1 hr at 4°C. The supernatants were
stored at —-80°C. Total RNA was isolated from fresh E. granulo-
sus protoscolex using an RNA extraction kit (iNtRON, Seong-

nam, Korea). cDNA was reverse transcribed using a first-strand
cDNA synthesis kit (Invitrogen, Carlsbad, California, USA).

The sera of patients with AE and CE cases stored at Qinghai
Provincial People’s Hospital was used. The patients were diag-
nosed based on clinical features and US examination [17,18].
We categorized the patients into early and advanced stages ac-
cording to their US images. The patients whose US could not
be reviewed by corresponding author were regarded as stage
not-defined. We used 81 AE sera (each of 25 cases of early- and
advanced-stage and 31 sera with stage not-defined). A total of
97 sera, which included CE1 (18 sera), CE2 (15 sera), CE3 (21
sera), CE4 (25 cases), and CE5 (18 cases), respectively, was ex-
amined. We also tested 33 sera from cysticercosis patients and
51 sera from normal controls, who denied any possible infec-
tion to helminths and protozoans. Informed consent was ob-
tained from the patients and doners. The study protocol and
use of serum samples were approved by the Institutional Re-
view Board of Qinghai Provincial People’s Hospital, Xining,
China (2017-7-29).

Electrophoresis and immunoblotting

For SDS-PAGE, protein samples were separated on 15% gels
under reducing conditions and stained with Coomassie Bril-
liant Blue G-250 (CBB). Two-dimensional electrophoresis (2-
DE) was done as previously described [17]. In brief, samples
mixed with rehydration buffer were focused on IPG strips pH
3-10 or pH 4-7 (GE healthcare, Piscataway, New Jersey, USA)
and processed with 15% SDS-PAGE. Proteins separated by
SDS-PAGE or 2-DE were electroblotted to nitrocellulose mem-
branes (Santa Cruz, Dallas, Texas, USA). The membranes were
blocked with Tris-buffered saline (100 mM, pH 8.0) contain-
ing 3% skim milk and 0.1% Tween-20 for 1 hr. The blots were
incubated with individual and/or pooled serum overnight
(1:200 or 1:1,000 dilution) at 4°C and sequentially with horse
radish peroxidase (HRP)-conjugated anti-human IgG (heavy-
and light-chain specific, Cappel, Solon, Ohio, USA) for 2 hr
(1:2,000-1:4,000 dilution). Immunoreactive signals were de-
tected by either 4-chloro-1-naphthol chromogen (4C1N; Sig-
ma-Aldrich, St. Louis, Missouri, USA) supplemented with
0.03% H,0 for 10 min or SuperSignal Chemiluminescence
(ECL; GE Healthcare) after 2 min exposure.

Immunoprecipitation
E. granulosus protoscolex (Egpsc) or E. multilocularis proto-
scolex (Empsc) (500 pg each) was mixed with 10 pooled pa-



tient serum (15 pl) of AE, CE, or cysticercosis and incubated
overnight at 4°C, after which Protein A/G agarose beads (30 pl,
Santa Cruz) was added, and incubated for 24 hr at 4°C. The
pellet was recovered by brief centrifugation and washed 3
times with wash buffer (20 mM Tris HCI [pH 8.0], 137 mM
NaCl, 1% Triton X-100, and 2 mM EDTA). The pellets were
separated by 15% SDS-PAGE and processed to immunoblot
probed with pooled serum of AE or CE patient (each n=10).

Column chromatography

Egpsc proteins (30 mg/1 ml) were eluted by a 1.6x 80 cm-
long Superdex 200 pre-grade fast performance liquid chroma-
tography (FPLC) equilibrated with 20 mM Tris-HCI (pH 8.0)
containing 150 mM NaCl (flow rate: 1 ml/min). A total of 80
fractions (3 ml/fraction) were collected. The proteins were
concentrated using an Amicon Ultra Centrifugal Filter (molec-
ular limit: 3 kDa, MilliporeSigma) and analyzed by 15% SDS-
PAGE or 2-DE.

Nano-liquid chromatography-electrospray ionization/
multi-stage MS (nano-LC-ESI-MS/MS)

Protein spots were cut and sliced into fragments from inde-
pendent gels, reduced with DTT (10 mM), and processed for
LC-MS/MS analysis [17]. The analysis was performed using a
nanoflow system (Model 1200, Agilent Technologies, Palo
Alto, California, USA) connected to a LTQ linear ion trap mass
spectrometer (Thermo Electron, San Jose, California, USA).
The 12 cm-long reversed phase capillary column with 75 mm
inner diameter and in-house packed with 5 pm 200 A pore-
sized Magic C18AQ beads was applied (Michrome BioRe-
sources, Auburn, California, USA). The peptides were eluted in
a linear gradient from 10% to 40% acetonitrile over 65 min.
MS survey was scanned for 300-2,000 m/z with 3 data-depen-
dent MS/MS scans of isolation width (1.5m/z), normalized
collision energy (25%), and dynamic exclusion duration (180
sec). MS data were generated in RAW file format (Thermo Sci-
entific) using the Xcalibur 1.4 with Tune 1.0. Peptide peaks
were introduced into MS/MS ions search within a Mascot serv-
er (http://www.matrixscience.com/). Mass values were selected
using monoisotopic masses. Peptide and MS/MS tolerances
were +1.2 and +0.6 Da, respectively. Protein identification of
individual ions scores >43 was considered significant or dem-
onstrate extensive homology (P<0.05). Cysteine carbamido-
methylation and methionine oxidation were considered. MS
database search was performed on the NCBI database (http://
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www.ncbi.nlm.nih.gov/).

PCR, cloning, and expression of recombinant proteins

The candidate proteins were searched from nonredundant
and expressed sequence tag (EST) against the NCBI database
(http://blast.ncbi.nlm.nih.gov/) and gene/protein database of
E. granulosus (http://www.gendb.org/Homepage/). Each prim-
er containing BamHI and HindIII restriction sites was pre-
pared (Supplementary Table S1). The genes were amplified
from the E. granulosus cDNA library by PCR: 35 cycles for 5
min at 94°C, 45 sec at 94°C, 1 min at 58°C, 45 sec at 72°C, 1
min at 72°C, with final extension for 10 min at 72°C [19]. The
amplicons were purified by QIAquick Gel extraction kit (Qia-
gen, Hilden, Germany). The plasmids were ligated to pET-28a
or pGEX-6p-1 vector and transformed into Escherichia coli
DHb5a (Takara, Shiga, Japan).

Recombinant plasmids were transformed into E. coli BL21
(DE3) and cultured in the Luria-Bertani medium supplement-
ed with antibiotics (50 pg/ml). Recombinant proteins were in-
duced with 1 mM isopropyl-B-D-thiogalactopyranoside for 4
hr at 37°C. The cells were lysed and centrifuged at 20,000 g for
1 hr. Recombinant proteins were purified using nickel-nitrilo-
triacetic acid (Ni-NTA) agarose chromatography (Qiagen) or
Glutathione Sepharose 4B affinity column (GE healthcare).

Enzyme-linked immunosorbent assay (ELISA)

After a checkerboard titration, 100 pl of EgDM9 (2.5 pg/ml
suspended in 100 mM carbonate-bicarbonate buffer, pH 9.6)
was coated to the wells of a flat-bottom 96-well microplate
(Greiner Bio-One, Kremsmuenster, Austria) overnight at 4°C.
One hundred microliters of serum samples (1:200 dilution in
phosphate buffered saline containing 0.05% Tween 20 [PBS/
T]) were incubated for 2 hr at 37°C, subsequently 1:2,000 di-
luted HRP-conjugated anti-human IgG antibody (100 pl, Cap-
pel) was incubated for 2 hr at 37°C. Color reactions were de-
veloped with 100 pl of 1% o-phenylenediamine (Sigma-Al-
drich) supplemented with 0.03% H,O; for 20 min in the dark.
Reactions were stopped using 2 N HSO4 (50 pl, Sigma-Al-
drich). The absorbance was measured at 450 nm on a NEO
microplate reader (Biotek, Winooski, Vermont, USA). Sera
from healthy donors and PBS/T were used as negative and
blank controls, respectively. Results were determined after cor-
rection with appropriate blank.


http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/

28 Korean J Parasitol Vol. 60, No. 1: 25-34, February 2022

Statistical analysis

Positive/negative values were used to normalize the different
batches of ELISA results. GraphPad Prism9 software (Graph-
Pad, San Diego, California, USA) and SPSS statistical package
(ver25, IBM, Armonk, New York, USA) were used for the anal-
ysis of variance. All data are expressed as the mean + standard
deviation (SD) of at least 3 independent assays. A P-value of <
0.05 with a 2-sided hypothesis was employed. Sensitivity,
specificity, positive/negative predictive values (PPV/NPV), pos-
itive/negative likelihood ratios (PLR/NLR), and 95% confi-
dence intervals (Cls) were calculated. The receiver operating
characteristic (ROC) curve was created by plotting sensitivity
versus 1-specificity. The area under the ROC curve (AUC) was
used to compare the diagnostic performance pairwise. ROC
analysis determined cutoff values defined as the positive and
negative values that gave the highest sum of sensitivity and
specificity totals.

RESULTS

Egpsc low-molecular-weight proteins revealed specific
immune responses against AE patient sera

The immunoreactivity profile of E. granulosus and E. multi-
locularis metacestode proteins was screened against patient sera
with echinococcoses. Immunoblot analysis of individual ana-
tomical compartments of E. granulosus and E. multilocularis
metacestodes probed with the pooled serum of patients with
AE and CE revealed that proteins with molecular weights >25
kDa showed a similar reactive pattern against both patient sera
(Fig. 1A). However, 3-5 proteins in the 14-16 kDa range ex-
hibited strong antibody responses against AE patient sera,
while showing minimal antibody reactions against CE sera
(dotted box). The reaction profile of Egpsc and Empsc was fur-
ther observed by immunoprecipitation. Egpsc proteins immu-
nologically precipitated with the pooled serum of AE patients
exhibited specific bands at around 14-16 kDa, whereas those
from CE or cysticercosis patients revealed negligible reactions.
Empsc proteins immnoprecipitated with sera of patients with
AE also showed immunoreactive bands at around 14-16 kDa,
but their immunoreactive signal was weaker than those of Eg-
psc (dotted box, Fig. 1B). When the antibody capturing activity
was assessed by immunoblotting, this protein group showed
overall diagnostic sensitivity and specificity of about 85-90%
in diagnosing patients with AE (Fig. 1C, D).

Identification of Egpsc low-molecular-weight proteins
Egpsc low-molecular-weight proteins were enriched using
FPLC. Proteins eluted in the fractions 54-58 contained target
molecules (gel filtration profile not shown, Fig. 2A). These
proteins were separated using 2-DE and processed with im-
munoblotting probed with pooled serum of patients with AE
and CE. As shown in Fig. 2B, proteins with molecular weights
ca. 14-16 kDa with plI values ranging between 4.5-6.5 showed
specific antibody reactions against the sera of AE patients, but
not against CE sera. This result demonstrated that Egpsc low-
molecular-weight proteins at 14-16 kDa might be good can-
didates for the serodiagnosis of patients with AE. These spots
were eluted from the 2-DE gels, concentrated, and separated
by 15% SDS-PAGE. A broadband between 14 and 16 kDa was
observed (Fig. 2C). When this band was subjected to LC-MS/
MS analysis, the proteins were identified to be myosin, tubulin
polymerization promoting protein, fatty acid binding protein
2, hsp90 cochaperone P-23, DM9, expressed protein, and anti-
gen S. Fig. 2D summarizes the identification result. Those can-
didate molecules were procaryotically expressed by generation
of recombinant plasmids via PCR amplification. We did not
express antigen S and cyclophilin because antigen S was a frag-
ment of E. granulosus endophilin B1, which shows strong anti-
body responses to patient sera infected with Taeniidae para-
sites [20]. The cyclophilin has been implicated with leukocyte
chemotaxis rather than priming antigen presenting cells [21].
When the immunoreactivity profile of these proteins was eval-
uated, all recombinant proteins except for EgDM9 did not
show specific antibody reactions (Supplementary Fig. S1).

Molecular properties of EgDM9

The DM9 protein was selected as a target biomarker. Search-
es in GeneDB (http://www.gendb.org/Homepage/) and Gen-
Bank (http://www.ncbi.nlm.nih.gov/) yielded one gene each
encoding E. granulosus DM9 (EgrG_000127000, CDJ22470)
and E. multilocularis DM9 (Emu]_000127000, CDI97494), re-
spectively. Both genes were coded for 139 amino acids.
EgDM9 and EmDM9 proteins showed 97.8% sequence iden-
tity each other, while other platyhelminth members revealed
42.4-67.6% identity. The deduced amino acid sequences of
these genes contained 13 B-strand secondary structures based
on the Hidden Markov Model. Three mannose-binding resi-
dues were identified at Lys116, Try119, and Glu26 [22]. Inter-
estingly, EgDM9 and EmDM?9 proteins tightly conserved the
same epitope sequences at the same positions (Gly45-Val51,
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D Disease category  No. tested No. positive % sensitivity % specificity
AE 81 74 914 -
CE 97 15 - 84.5
Cysticercosis 33 0 - 100
Normal control 51 0 - 100

AE, alveolar echinococcosis; CE, cystic echinococcosis

Fig. 1. Identification of immunoreactive proteins of E. granulosus protoscolex against patient sera of alveolar echinococcosis (AE) and
cystic echinococcosis (CE). (A) Immunoblotting of different anatomical compartments of E. granulosus and E. multiocularis probed with
pooled serum (n=10) of patients with AE and CE patients. EgHF, E. granulosus hydatid fluid; Empsc, E. multilocularis protoscolex;
EmHF, E. multilocularis hydatid fluid; Egpsc, E. granulosus protoscolex. (B) Immunoprecipitation of Egpsc and Empsc with pooled serum
(n=10) of patients with AE, CE, and cysticercosis. All blots were probed with 1:2,000 diluted pooled serum and 1:4,000 diluted HRP-
conjugated anti-human IgG antibodies. Immunoreactive signals were detected using ECL after 2-min exposure. (C) Immunoblotting of
Egpsc against serum samples from AE, CE, and cysticercosis (Cys), and those from healthy donors (Cont). Dotted box shows a low-
molecular-weight proteins showing specific immunoreactivity. M, molecular weights in kDa. (D) Assessment of diagnostic performance

of low-molecular-weight proteins of Egpsc.

Thr60-Ala67, Ala73-Lys81, and Gly125-Glu130) using Bepipred
Linear Epitope Prediction 2.0 analysis (Supplementary Fig.
$2).

Diagnostic performance of rEgDM9

The specific IgG antibody levels of 262 sera from AE (n=81),
CE (n=97), and cysticercosis (n=33) patients were deter-
mined, as well as those from healthy controls (n=>51) against
rEgDM9 with purity greater than 98.5% using densitometric
analysis of SDS-PAGE gel image (inset, Fig. 3A). Serum sam-
ples from patients with AE, regardless of disease stages, exhib-
ited significantly higher levels of anti-rEgDM9-specific IgG an-
tibodies compared to other infection groups (0.44+0.16 vs
0.16+0.04, P<0.0001, Fig. 3A; Table 1). No significant differ-
ences in specific IgG antibody levels against rEgDM9 were ob-
served between early- and advanced-stage of AE (P>0.05). The
AUC for rEgDM9 was 0.9820+0.0062 (Fig. 3B). The ROC

curve demonstrated that optimal cutoff abs. of 0.28 distin-
guished the positive and negative reactions with 95% Cls of
0.9699-0.9940. PPV and NPV of the test were 88.0% and
95.5%, respectively. In addition, PLR and NLR were 16.31 and
0.10, respectively. Table 1 summarized important variables.
rEgDM9 showed weak cross-reactions against patient sera
from the transitional stage (CE3) and chronic stages (CE4 and
CE5), while those from early CE1 and CE2 stages did not
show positive responses. Sera from patients with cysticercosis
and healthy donors did not react positively (Fig. 3A; Table 1).
The diagnostic sensitivity and specificity of rTEgDM9-based
ELISA were 90.1% and 94.5%, respectively.

DISCUSSION

This study investigated the diagnostic feasibility of rEgDM9
using serum samples from hepatic AE cases. rEgDM9 exhibited
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Blot: pooled CE serum (n = 10)

Coomassie Blot: pooled AE serum (n = 10)
D
Entry no. Mascot score Matched peptides  Theoretical Mi/p/ Access. no.  Protein name
1 67 1 23031/4.57 CDJ18527 hsp90 cochaperone tebp (P-23)
2 108 8 15144/5.07 CDJ22470 protein of unknown function DM9
3 78 12 26276/5.81 CDJ16649 myosin essential light chain
4 131 12 15360/5.48 AAK12095 fatty acid binding protein 2 (FABP2)
5 121 1 22914/5.45 CDI70432 expressed protein
6 72 1 17288/5.84 AAA29056 antigen S epitope, partial
7 64 10 17571/6.41 P14088 Cyclophilin (peptidyl-prolyl cis-trans isomerase)

Fig. 2. (A) 2-DE profiles of partially purified E. granulosus protoscolex proteins. The proteins eluted through FPLC (fractions 54-59) were
pooled, dialyzed, and concentrated. The proteins were electrofocused on the IPGstrip (pH 3-10), separated on 15% SDS-PAGE, and
stained with CBB G-250. Proteins showing specific immunoreactivity against AE patient sera are marked by dotted box. (B) 2-D immu-
noblots probed with the pooled serum of AE and CE patients (n=10). M, molecular weights in kDa; pl, isoelectric point. (C) SDS-PAGE
of partially purified low-molecular-weight proteins. The gels marked by a dotted box in A were sliced and proteins were eluted using Ez-
Way Protein Elution Kit. The proteins were dialyzed, concentrated, and separated by 15% reducing SDS-PAGE. 1, crude Egpsc; 2, par-
tially purified proteins. M, molecular weights in kDa. (D) Protein identification by LC-MS/MS.

diagnostic sensitivity of 90.1%. Analysis of patient sera infect-
ed with phylogenetically closed Taeniidae parasites, such as E.
granulosus metacestode and Taenia solium metacestode, as well
as sera from healthy controls demonstrated an overall specific-
ity of 94.5%. The results suggest that rEgDM9 has diagnostic
potential for serodiagnosis of AE as an alternative biomarker
(Table 1).

The most reliable antigens for AE serodiagnosis may be de-
rived from the homologous parasite. However, limited parasite
resources often hamper obtaining reliable materials in suffi-
cient quantities, especially in AE cases. Several efforts have
been made to overcome this shortcoming; E. multilocularis ves-
icles have been cultured in vitro or infected in severely com-
bined immunodeficient mice [23,24]. However, E. multilocu-
laris vesicles obtained under these conditions demonstrated
different protein expression profiles compared to those ob-
tained from naturally infected hosts. More importantly, these
proteins showed different immune recognition patterns
against infection sera [25,26]. It remains a challenge to obtain

reliable antigens in sufficient amounts available for AE serodi-
agnosis, and further investigation is needed to identify and
isolate a well-defined antigenic molecule that shows reproduc-
ible diagnostic performance [13].

In this study, we asked whether Egpsc contained proteins
specifically reactive with sera with AE patient because these 2
phylogenetically close cestode parasites shared lots of bio-
chemical and molecular biological singularities [27,28]. We
observed that the high immunoreactivity of the low-molecu-
lar-weight protein group ranged from 14-16 kDa in Egpsc.
These molecules were identified using proteomic analysis and
recombinant forms of candidate proteins, such as hsp90,
EgDM9, myosin, FABP2, and uncharacterized expressed pro-
tein were generated. However, the immunoblot experiment of
these molecules showed no significant diagnostic applicability
other than rEgDM9 (Supplementary Fig. S1). We therefore fo-
cused our interest to assess the diagnostic potential of rDg-
DM9 using a panel of patient sera infected with Taeniid mem-
bers. We found that rEgDM9 showed a sensitive and specific
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Fig. 3. (A) Specific IgG antibody levels in sera of patients with alveolar echinococcosis (AE), cystic echinococcosis (CE), and cysticerco-
sis (Cyst) against rEgDM9. The y-axis shows the absorbance values of the detected sera. The x-axis indicates the following sera groups:
Early AE, early-stage AE patients whose ultrasonogram demonstrated multiple small hailstorm-like cysts without a solid component
(n=25); Advanced AE, advanced-stage AE cases who revealed an irregular cystic area associated with central necrosis surrounded by
peripheral non-homogenous echogenicity (n=25); Not-defined, AE patients whose disease stages could not be determined by ultraso-
nography (n=31). CE1 (n=18); CE2 (n=15); CE3 (n=21); CE4 (n=25); CE5 (n=18); Cys, cysticercosis (1=33); Cont, healthy controls
(n=51). Inset demonstrates a homogeneity of tag-cleaved rEgDM9 shown by 15% reducing SDS-PAGE. M, molecular weights in kDa
(B) Analysis of receiver operating characteristic (ROC) curve depicts the plot of sensitivity versus 1-specificity. The diagonal reference line
is also shown. ROC curve was used to determine the cutoff values and area under the curve (AUC) for rEgDM9 in AE serum samples
(n=81) by ELISA.

Table 1. Evaluation of recombinant DM for serodiagnosis of alveolar echinococcosis

Disease category® No. of tested No. of positive Sensitivity (%) Specificity (%) Specific antibody levels
AE 81 73 90.1 0.44+0.16
Early AE 25 22 88.0 0.42+0.14
Advanced AE 25 23 92.0 0.46+0.17
Stage not-defined 31 28 90.3 0.49+0.16
Overall 181 9 94.5 0.16+0.04
CE 97 9 89.7 0.21+0.05
CEA1 18 0 100 0.19+0.04
CE2 15 0 100 0.18+0.04
CE3 21 3 85.7 0.21+0.06
CE4 25 3 88.0 0.23+0.05
CE5 18 4 77.8 0.25+0.04
NC €8 0 100 0.15+0.09
Healthy controls 51 0 100 0.03+0.01
PLR 16.31
NLR 0.1
PPV (%) 88
NPV (%) 95.5
AUC+SE 0.9820+0.0062
95% Cls 0.9699 to 0.9940
Cut-off® 0.28

2AE, alveolar echinococcosis; CE, cystic echinococcosis; NC, neurocysticercosis.
®Qverall specificity was calculated using sera from 130 patients with CE (n=97), NC (n=33) and those from 51 healthy controls.
°Cut-off values were determined by the analysis of ROC curves.

antibody reactivity against serum samples from AE cases (Fig.  epitopes shared between EgDM9 and EmDM9 using comput-
3). Since we were unable to express the recombinant EnNDM9  er-aided simulation. We recognized that these closely related
due to unavailability of E. multilocularis cDNAs, we analyzed =~ molecules (sequence identity of 97.8%) harbored the same
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epitope sequences at the same regions. This result suggests that
EgDM9 and EmDM9 might have common epitopes and that
EgDM9 protein can be used as a substitute antigen for
EmDMO9. The carbohydrate-binding property of DM9 protein
might potentiate antibody capturing activity [22].

Various proteins, lipids, carbohydrates, and small RNAs
packaged within extracellular vesicles are secreted into the
host. E. granulosus metacestode might directly secrete extracel-
lular vesicles from their syncytial tegument. Some of these
proteins released into the host might interact with the host
immune system to prime naive immune cells in the local envi-
ronment, resulting in production of specific antibodies [29-
31]. Proteins packaged in extracellular vesicles have been iden-
tified among the antigens used for immunodiagnosis of echi-
nococcosis and cysticercosis [32]. We assumed that EgDM9
protein might be secreted as an extracellular vesicle and in-
duced antibody responses. This hypothesis awaits further elu-
cidation.

In this study, we observed that the antigenicity of native
EmDMO9 protein was not high compared to that of EgDM9
(Fig. 1). We surmise that the low antigenicity might be attrib-
utable to the low expression levels of EmDM9. The low antige-
nicity of native protein due to low expression levels might be
significantly increased when a recombinant protein is used.
The native form of E. granulosus antigen B2 (EgAgB2) did not
exhibit significant antibody responses against the sera of pa-
tients with CE, but recombinant EgAgB2 was one of the most
reliable antigens for serodiagnosis of CE patients [19,33].
Since E. multilocularis vesicles showed differential expression of
diverse proteins during the developmental period [34], expres-
sional regulation of EmDM9 protein should be elucidated in
the future.

As CE progressed to chronic stages, the immune responses
might be lowered with the regression of the CE cyst [19]. How-
ever, it was interestingly observed that patient sera from the
transitional and chronic stages of CE cases exhibited cross-re-
actions with rEgDM9 to some extent, while rEgDM9 showed
negligible antibody responses against active stage CE sera (Ta-
ble 1; Fig. 3). Lots of compositional changes occurred within
the CE cyst during involution. When the cysts regressed to
CE3-CE5 stages, almost all the hydatid fluids were absorbed,
and only degenerative protoscolices remain in the cyst. The
antibody responses to several isoforms of antigen B, which
constituted the major components of hydatid fluid, might be
substantially declined. Conversely, specific antibodies against

EgDM9 might be persistently remain to some extent because
EgDM9 protein is continuously synthesized in the protosco-
lex.

In conclusion, tEgDM9 protein demonstrated a sensitive
and specific antibody responses against AE patient sera. rEg-
DM9 would be a good candidate for serodiagnosis of AE cases.
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