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Abstract

Objectives: Liver echinococcosis is a severe zoonotic disease caused by Echinococcus (tape-
worm) infection, which is epidemic in the Qinghai region of China. Here, we aimed to explore
biomarkers and establish a predictive model for the diagnosis of liver echinococcosis.
Methods: Microarray profiling followed by Gene Ontology and Kyoto Encyclopedia of Genes
and Genomes analysis was performed in liver tissue from patients with liver hydatid disease and
from healthy controls from the Qinghai region of China. A protein—protein interaction (PPI)
network and random forest model were established to identify potential biomarkers and predict
the occurrence of liver echinococcosis, respectively.

Results: Microarray profiling identified | 152 differentially expressed genes (DEGs), including 936
upregulated genes and 216 downregulated genes. Several previously unreported biological pro-
cesses and signaling pathways were identified. The FCGR2B and CTLA4 proteins were identified
by the PPl networks and random forest model. The random forest model based on FCGR2B and
CTLAA4 reliably predicted the occurrence of liver hydatid disease, with an area under the receiver
operator characteristic curve of 0.921.
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Conclusion: Our findings give new insight into gene expression in patients with liver echino-
coccosis from the Qinghai region of China, improving our understanding of hepatic hydatid

disease.
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Introduction

Hydatid disease (or echinococcosis) is a
zoonotic disorder caused by Echinococcus
(tapeworm) infection, which is an uncom-
mon but developing public health issue
with increasing expansion to endemic
regions.! Hydatid disease is epidemic in
areas of North America, eastern Europe,
central Europe, and Asia, especially in
China, where hydatid disease is present in
about 23 provinces, with an estimated 66
million individuals at risk of infection and
nearly 380,000 affected individuals.> The
incidence of hydatid disease is particularly
high in the Qinghai region of China because
of the environment, living habits, and tra-
ditional beliefs and customs.>* Around
70% of hydatid disease lesions occur in
the right lobe of the liver, with 40% infring-
ing on the hepatic hilum.” In the liver,
growth of the larva compresses the organ,
and the liver is impaired by inflammation
reaction, compression, and direct erosion,
which can lead to severe complications,
including liver failure, severe cirrhosis,
portal  hypertension, and  ascites.®
Therefore, a better understanding of and
comprehensive investigation into hepatic
hydatid disease is needed.

Diagnostic challenges exist, particularly
in endemic regions.” Diagnosis of the infec-
tion at an early stage, suitable therapy, and

follow-up are essential to improve the qual-
ity of life of affected patients.® Clinically,
hydatid disease has nondistinct markers
and imaging characteristics, so diagnosis
currently depends on a combination of clin-
ical history, imaging, serology, and histopa-
thology, which makes early diagnosis
difficult.>® Microarray profiling has been
widely applied in the exploration of prog-
nostic and diagnostic biomarkers for many
diseases.'® Machine learning is a type of
data science that trains computers to
observe patterns in massive datasets and
then uses the patterns to derive rules or
algorithms that optimize task performance;
as such, machine learning has great poten-
tial to be useful in clinical prediction.'!
Random forests is a powerful multipurpose
tool for predicting and understanding data;
for example, it can rank genes in terms of
their usefulness in separating groups, and it
is widely used to identify hub genes and
diagnostic biomarkers. However, the inte-
gration of microarray profiling analysis
and machine learning based on random for-
ests in the investigation of liver hydatid dis-
ease is limited.'> The diagnosis of liver
hydatid disease in the Qinghai region of
China is difficult and lagging behind that
of other regions,'* and more reliable diag-
nostic biomarkers and practical prediction
models are urgently needed.
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In this study, we aimed to comprehen-
sively analyze differentially expressed
genes (DEGs) between patients with hepatic
hydatid disease and healthy controls in the
Qinghai region of China by integrating
microarray profiling with bioinformatic
analysis and machine-learning algorithms.
Furthermore, we  performed  Gene
Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analysis,
constructed a protein—protein interaction
(PPI) network of DEGs to identify hub
genes, and established a random forest
model based on the identified hub genes
to predict the occurrence of liver hydatid
disease. Our investigation, with regional
characteristics, will enhance the under-
standing of the development of liver hyda-
tid disease, especially in the Qinghai region
of China, providing potential biomarkers
and targets for this epidemic area.

Materials and methods

Ethics statement

All study participants provided written
informed consent before inclusion in the
study. The study protocol was approved
by the Ethics Committee of the Qinghai
Provincial ~People’s Hospital, China
(approval no. 2020-160).

Collection of clinical hydatid disease
samples

Six patients with hepatic hydatid disease
were diagnosed between June 2017 and
July 2018 at the Department of General
Surgery of Qinghai Provincial People’s
Hospital in this study. Diagnosis of all
patients was confirmed in accordance with
the diagnostic criteria of the Expert
Consensus on Diagnosis and Treatment of
Liver Echinococcosis.'* The diagnosis of
hepatic hydatid disease relies on clinical
findings, medical history, histopathologic

verification, laboratory evaluations, and
radiologic imaging. At least two of the fol-
lowing four criteria have to be met for the
diagnosis of hepatic hydatid disease: (1)
identification of parasite nucleic acids in
clinical specimens, (2) characteristic lesions
shown by imaging, (3) pathologic verifica-
tion of Echinococcus multilocularis meta-
cestodes, and (4) specific serum antibodies
to Echinococcus antigens. Patients with
hepatitis B or tuberculosis or other liver
diseases were excluded from this analysis.
We also excluded participants with other
chronic consumptive diseases and organ
echinococcosis. We collected the lesion
including the border with normal tissue as
the lesion group, and nonlesional tissue as
the control group. Approximately 0.5 to
250 mg of healthy or hydatid disease liver
tissue was collected by resection and stored
in liquid nitrogen until analysis.

RNA extraction

Liver tissue samples were collected from
patients with hepatic hydatid disease;
lesional and adjacent nonlesional tissue
samples were processed separately. Total
RNA was extracted from liver tissue by
using the RNeasy Lipid Tissue kit
(Qiagen, Hilden, Germany) and purified
by applying RNeasy columns (Qiagen).
The RNA concentration and quality (RNA
integrity number and 28S/18S ratio) were
determined using a NanoDrop spectropho-
tometer (NanoDrop Technologies,
Wilmington, DE, USA) and the RNA 6000
Nano Assay on an Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA,
USA), respectively.

Microarray expression profiling

Microarray expression profiling was con-
ducted in liver tissue from healthy controls
(n=6) and in patients with liver hydatid
disease (n=6). Briefly, total RNA (100 ng)
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was labeled with the mRNA Complete
Labeling and Hyb Kit (Agilent
Technologies) and hybridized on the
SurePrint G3 Human Gene Expression
8x60K v2 microarray (Agilent
Technologies). The microarray contains
50,599 probes for 32,776 human mRNAs
originating from authoritative databases,
including RefSeq, Ensemble, GenBank,
and the Broad Institute. After hybridization
and washing, processed slides were scanned
with the Agilent G2505C microarray scan-
ner (Agilent Technologies).

Identification of DEGs

Raw data from the microarray profiling
were extracted by applying Feature
Extraction (versionl10.7.1.1; Agilent
Technologies). Next, quantile normaliza-
tion and subsequent data processing were
carried out by using Genespring GX soft-
ware (version 12.0; Agilent Technologies).
The differential expression level of mRNA
from microarray was analyzed by using the
limma R package (http://www.bioconduc
tor.org/packages/release/bioc/html/limma.
html). After quantile normalization, raw
signals from the microarray were log, trans-
formed. Differential expression of mRNA
was defined by an absolute value of
fold change (FC) >2 (|log,FC| >1) and
P-value <0.05 (Student’s z-test).

GO and KEGG analysis

Differentially expressed mRNAs were sub-
mitted to the KEGG Orthology Based
Annotation System (KOBAS) database
(http://kobas.cbi.pku.edu.cn/) to be classi-
fied into different GO domains, including
molecular function, biological process, and
cellular component, and KEGG annotation
groups (KEGG pathway and Reactome
bioinformatics analysis database (http://
reactome.org). A  P-value<0.05 was
regarded as significant.

PPI analysis

The PPI analysis was perfomed using the
Search Tool for the Retrieval of
Interacting  Genes/Proteins  (STRING)
database  (https://string-db.org/cgi/input.
pl). The hub genes among the identified
DEGs were analyzed and selected based
on the score of their maximal clique central-
ity (MCC) by using the cytoHubba plugin
of Cytoscape software (https://cytoscape.
org/).

Construction of the random forest model

To identify the most critical genes correlat-
ed with the development of liver hydatid
disease, we constructed a random forest
model of candidate hub genes in the PPI
network based on the “bagging” (bootstrap
aggregating) method by using package
“randomForest” in R (https://www.stat.
berkeley.edu/~breiman/RandomForests/),

in which the sample type (hydatid disease or
not) served as the outcome variable and the
expression levels of selected candidate hub
genes served as the prediction variable.
Genes with higher scores of both Mean
DecreaseAccuracy and MeanDecrease Gini
in the random forest model were identified
as hub genes.

Statistical analysis

Statistical analysis was conducted using R
software (version 3.5.2; https://cran.r-proj
ect.org).

Results

Identification of DEGs between hydatid
disease and healthy liver tissues

To comprehensively understand the devel-
opment of hydatid disease of the liver and
explore potential diagnostic biomarkers, we
performed gene expression profiling based
on the microarray analysis in patients with
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liver hydatid disecase (n=6) from the
Qinghai region of China, using lesional
and nonlesional (control) tissue from the
cut edge from patients. First, we normalized

Raw Intensity

the microarray data to obtain biologically
significant changes in gene expression, min-
imizing the experimental data deviation of
gene expression intensity (Figure 1A).

Normalized Intensity
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Figure 1.

Identification of differentially expressed genes (DEGs) between hydatid disease and healthy

human liver tissues. (a) Boxplot showing the intensity of raw data and normalized data in the microarray
profiling analysis; NB and PB indicate sample numbers. (b) Volcano plot filtering map displaying differential
expression of mMRNA in liver tissues from patients with hydatid disease (n =6) compared with that of
adjacent normal tissue (the cut edge) (n=6). Red and green represent upregulated and downregulated
mRNAEs, respectively; black represents no difference. The x-axis indicates the Log, fold change (FC) and the
y-axis shows —logq (P-value). (c) Heatmap indicating DEGs; the x-axis shows samples and the y-axis shows
DEGs, in which red and green represent upregulated and downregulated DEGs, respectively.
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We identified 1152 DEGs, including 936
upregulated and 216 downregulated genes
in lesional liver tissue compared with
control  tissues (Log,FC>1, P<0.05)
(Figure 1B). Of these, the most significant
changes are shown in a heatmap (Figure 1C).

GO and KEGG analysis of DEGs

To understand the importance of these
DEGs, we performed GO and KEGG path-
way analysis based on the KOBAS data-
base. The top 30 significant (P < 0.05) GO
terms and KEGG pathways based on the
1152 DEGs are presented in Figure 2A
and B. GO analysis, including the biological
process, molecular function, and cellular
component domains, showed that multiple
essential biological processes, such as the
immune system process, immune response,
T-cell activation, and cell defense response,
were remarkably altered (Figure 2A).
KEGG analysis revealed that several cru-
cial signaling pathways, involving the
immune system, T-cell receptor signaling
pathway, B-cell receptor signaling pathway,
and chemokine signaling pathway, were
enriched (Figure 2B).

PPI network construction and candidate
hub gene selection

To further identify candidate hub genes
among the DEGs in healthy cases patients
with hydatid disease, we constructed a PPI
network based on the 1152 DEGs using the
STRING online database. Then, the MCC
algorithm was used to evaluate the signifi-
cance of these DEGs in the PPI networks.
We selected the top 20 candidate hub genes:
ITGAM, PTPRC, CDI19, CTLA4, CDG6Y,
CD28, CCR7, SELL, ITGAX, FCGR2B,
GZMB, CD2, CD27, CD38, IL7R,
CD40LG, CXCR3, FCGR2A, IL3RA, and
CD5, in the PPI networks based on MCC
(Figure 3A); the details are shown in
Table 1.

Random forest model construction and
hub gene identification

Next, we constructed the random forest
model of the candidate hub genes in the
PPI network, in which the sample type
(hydatid disease or not) served as the out-
come variable and the expression levels of
selected 20 candidate hub genes served as
the prediction variable. FCGR2B and
CTLA4 were identified as hub genes with
the highest scores of MeanDecrease
Accuracy and MeanDecreaseGini in the
random forest model (Figure 3B), implying
that these two genes may be critical to the
development of liver hydatid disease.
Accordingly, we established a random
forest model by applying the expression of
FCGR2B and CTLA4 as the prediction var-
iable and sample type (hydatid disease or
not) as the outcome variable. The area
under the receiver operator characteristic
(ROC) curve of the model was 0.921
(Figure 3C), suggesting that a prediction
model based on these two genes could reli-
ably distinguish liver hydatid disecase and
control samples.

Discussion

Hydatid disease is a dangerous zoonosis
caused by Echinococcus, with a complicated
life cycle involving definitive hosts and
intermediates, including cattle, sheep,
wolves, foxes, and dogs.15 Individuals can
be infected without knowing and develop
hydatid disease.'® Although it garners
little attention, hydatid disease affects
many people globally.!” Hydatid disease is
predominantly found in the liver (60%-—
70%), and less often in the brain, osseous
tissue, lung, and other abdominal organs.'®
Multiple studies have reported the use of
microarray profiling to investigate hepatic
hydatid disease. MicroRNA expression
profiling has shown that miR-483-3p is a
potential diagnostic biomarker for hydatid
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Figure 2. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were
performed using data of differentially expressed genes in lesional and nonlesional (healthy control) liver
tissue from patients with hydatid disease based on the KOBAS database (http://kobas.cbi.pku.edu.cn/). The
top 30 significant cellular processes and signaling pathways were demonstrated by (a) GO, and (b) KEGG
enrichment scatterplot. The y-axis shows the name of cellular process or signaling pathway and the x-axis
indicates the gene ratio; the size of the dot indicates the number of genes.
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disease."” Gene expression profiling in the
liver of Echinococcus-infected sheep showed
87 upregulated genes and 66 downregulated

Table I. The top 20 most important genes by
maximal clique centrality (MCC) analysis in the
protein—protein interaction network.

genes, which were correlated with signaling Gene symbol Score
and transport, the immune system, and o
metabolism.”®  Transcriptional profiling ITGAM 4.0038 x Ioz,
Is that toki h ki fact PTPRC 4.0036 x 10
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Figure 3. Protein—protein interaction (PPl) network construction and random forest model construction.
(2) The PPI analysis was performed by using the STRING online database (https:/string-db.org/cgi/input.pl).
The PPl network with the top 20 differentially expressed genes (DEGs) is shown. The color change from
yellow to red indicates the gradually increasing degree of expression. (b) A random forest model of the
candidate hub genes in the PPl network was constructed using the package “randomForest” in R, in which
the sample type (hydatid disease or not) served as the outcome variable, and the expression levels of
selected 20 candidate hub genes were the prediction variables. The variable importance, as shown in the
figure, was evaluated by the MeanDecreaseAccuracy and MeanDecreaseGini scores. (c) The accuracy of the
model was assessed by the area under the ROC curve (AUC) analysis. The x-axis shows the false positive

rate, and the y-axis the true positive rate.
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expression profiling analysis by microarray
in patients with hepatic hydatid disease pro-
vides valuable information and an integra-
tive landscape in which to increase our
understanding of hepatic hydatid disease.
Previous studies have shown that multi-
ple biological processes and signaling path-
ways are involved in the development of
liver hydatid disease. The transforming
growth factor (TGF)-f/Smad pathway
enhances the differentiation of interleukin
(IL)-9-producing CD4" T cells in humans
following infection with Echinococcus.>
Infection with Echinococcus multilocularis
can cause exhaustion of T cells by the
checkpoint receptor TIGIT.** Regulatory
B cells with CD24"CD38™ CDI19" are
involved in the infection of humans with
alveolar hydatid disease of the liver.
Plasma IL-5 and IL-23 are markers of met-
abolic lesion activity in patients with hepat-
ic alveolar echinococcosis.?® The expression
of CTLA4, CD28, CD80, and CDS&6 is
decreased in the liver of patients with
cystic echinococcosis.”’” Our GO and
KEGG analysis of 1152 DEGs revealed
that multiple essential biological processes,
including immune system process, immune
response, T-cell activation, and cell defense
response, and crucial signaling pathways,
including immune system, T-cell receptor
signaling pathway, B-cell receptor signaling
pathway, and chemokine signaling path-
way, were enriched in lesional and adjacent
nonlesional (control) liver tissues from
patients with hydatid disease. Our results
suggest that these cellular processes and sig-
naling may play crucial roles in the devel-
opment of hepatic hydatid disease. The top
20 candidate hub genes (/[TGAM, PTPRC,
CD19, CTLA4, CD69, CD28, CCR7,
SELL, ITGAX, FCGR2B, GZMB, CD2,
CD27, CD38, IL7R, CD40LG, CXCR3,
FCGR2A, IL3RA, and CD5) were selected
from among the DEGs in the PPI networks
based on their MCC. These genes may be
involved in the progression of hepatic

hydatid disease. Further studies are
needed to validate the significance of these
genes in the progression, diagnosis, progno-
sis, and therapy of hepatic hydatid disease.
It has been reported that the G-protein-
coupled receptor (GPCR) signaling, rho-
dopsin signaling, and GPVI-mediated
activation cascade are involved in liver dis-
eases.”® > In our study, GO and KEGG
analysis also showed enrichment of GPCR
and rhodopsin signaling and GPVI-
mediated activation cascade, implying that
these biological processes may play crucial
roles in hepatic hydatid disease.

The incidence of liver hydatid disease is
high in the Qinghai region of China,®> and
previous epidemiologic  studies have
revealed that many mammals are involved
in the transmission of hydatid disease.’'
Tibetan foxes, red foxes, and dogs can act
as definitive hosts, whereas voles, pika,
Tibetan hare, yaks, and sheep may serve
as intermediates.’> Because of the harsh
environment of the high-altitude plain, tra-
ditional beliefs and customs, entrenched
poverty, and semi-nomadic pastoralism,
the lifestyle of people in the Qinghai
region involves close connection with both
wildlife and domestic mammals.* These
social and ecological contributors lead to
the burden of hydatid disease in this
region.** As noted, the diagnosis of hydatid
disease is based on serology, imaging
results, and clinical findings.*
Hematoxylin and eosin (H&E) staining of
pathological lesions allow physicians to
accurately diagnose hydatid disecase and
evaluate the therapeutic response in
patients.*® Typically, physicians depend on
standard segmentation systems to evaluate
computed tomography images.’’ However,
limited medical resources and the difficult
diagnosis increase the burden of this disease
in the Qinghai region.*® Hence, identifica-
tion of reliable biomarkers and practical
and useful prediction models for liver hyda-
tid disease in the Qinghai region of China is
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urgently needed. In this study, we identified
two hub genes, FCGR2B and CTLA4, by
integration of microarray profiling, bioin-
formatic analysis, and machine-learning
algorithms. These genes are potential bio-
markers for the diagnosis of liver hydatid
disease. Moreover, we established a
random forest model based on these hub
genes and effectively predicted the occur-
rence of liver hydatid disease. This predic-
tion model, with regional characteristics of
the Qinghai region of China, provides a
new potential diagnostic model and strate-
gy for liver hydatid disease in this area.
Further investigations are needed to explore
the specific effect of these hub genes on liver
hydatid disease.

In conclusion, we identified 1152 DEGs
in lesional and adjacent nonlesional (con-
trol) liver tissues from patients with hydatid
disease in the Qinghai region of China. The
DEGs were involved in multiple biological
processes and pathways, including immune
response and immune system signaling.
Two hub genes, FCGR2B and CTLAA4,
were identified, and a random forest
model based on these genes was able to reli-
ably and accurately predict the occurrence
of liver hydatid disease. Our findings give
new insights into the comprehensive land-
scape of gene expression in patients with
liver hydatid disease, including the develop-
ment of hepatic hydatid disease, especially
in the Qinghai region of China. The identi-
fied hub genes may serve as potential bio-
markers or targets for hepatic hydatid
disease, although additional research is
needed for clinical verification.
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