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Abstract Borna disease virus 1 (BoDV-1) is neurotropic prototype of Bornaviruses causing
neurological diseases and maintaining persistent infection in brain cells of mammalian species.
Long non-coding RNA (lncRNA) is transcript of more than 200 nucleotides without protein-
coding function regulating various biological processes as proliferation, apoptosis, cell migra-
tion and viral infection. However, regulatory of lncRNAs in BoDV-1 infection remains unknown.
To identify differential expression profiles and predict functions of lncRNA in BoDV-1 infection,
microarray data showed that 3528 lncRNAs and 2661 lncRNAs were differentially expressed in
Strain V and Hu-H1 BoDV-infected groups compared with control groups, respectively. Gene
Ontology (GO) and pathway analysis suggested that differential lncRNAs may be involved in
regulation of metabolic, biological regulation, cellular process, endocytosis, viral infections
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and cell adhesion processes, cancer in both BoDV-infected strains. ENSMUST00000128469 was
found down-regulated in both BoDV-infected groups compared with control groups consistent
with microarray (p < 0.05). ceRNA analysis indicated possible interaction networks as
ENSMUST00000128469/miR-22-5p, miR-206-3p, miR-302b-5p, miR-302c-3p, miR-1a-3p/Igf1.
Igf1 was found up-regulated in both BoDV-infected groups compared with control groups
(p < 0.05). Possible functions of predicted target mRNAs and miRNAs of ENSMUST00000128469
were involved in cell proliferation, transcriptional misregulation and proteoglycan pathways
enriched in cancer. lncRNA may be involved in regulation of Hu-H1 inhibited cell proliferation
and promoted apoptosis through NF-kB, JNK/MAPK signaling, BCL2 and CDK6/E2F1 pathways
different from Strain V. Possible interaction networks as ENSMUST00000128469/miR-22-5p,
miR-206-3p, miR-302b-5p, miR-302c-3p, miR-1a-3p/Igf1 may involve in regulation of cell pro-
liferation, apoptosis, and cancer.
Copyright ª 2019, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction

Bornaviruses, belonging to Mononegavirales Family Borna-
viridae, as non-segmented negative single-stranded RNA
viruses, now includes 8 species and 16 viruses.1,2 Borna
disease virus 1 (BoDV-1), a part of the species mammalian 1
bornavirus, is a highly neurotropic prototype of Bornavi-
ruses and infects a variety of mammalian species including
horses, sheep, rabbits, mice, rats, guinea pigs, dogs, cattle
and primates.3,4 Some people reported the presence of
increased BoDV antibodies in blood serum samples, BoDV-
RNA in peripheral blood samples and the presence of
BoDV antigen in autopsy brain of patients with mental
illness to support the possibility of human infection with
BoDV.5 While, others thought that there was no connection
between them.6 Therefore, the potential impact of human
infection for mental disorders seemed discordant. Recently
BoDV-1 was identified as the cause of deadly human en-
cephalitis after organ transplantation,7,8 which largely
upgraded the significance of this infection in terms of
human health and disease. BoDV-1, known to replicate and
transcribe in the cell nucleus9 of brain cells as neurons and
astrocytes,10 causing a wide range of neurological diseases
including deficits in learning and social behavior ranging
from immune-mediated disease to behavioral changes
without inflammation,11 maintains strictly neurological and
persistent infection. BoDV Strain V strain and BoDV Hu-H1
strain are two different strains of BoDV-1. BoDV Strain V
strain obtained from Germany sick horses was passaged to
rabbits and various cells. While BoDV Hu-H1 strain was
isolated from the white blood cells of a bipolar patient.12

Our previous study found that function of target genes of
differential miRNA in BoDV Hu-H1 strain infection in rat
hippocampus was related to ‘IGF1mTOR’ and ‘IGF1’ path-
ways.13 BoDV infection provides a good model for studying
relationship between persistent infection of viruses and
development of chronic neurological symptoms, which may
have impact on public health.14 However, underlying
mechanisms of BoDV pathogenesis are unclear.

RNA structure provides biological functions for ribozyme
and riboswitches, while most ncRNAs function as RNA-
protein complexes, including ribosomes, snRNP, snoRNP,
telomerase, microRNAs and lncRNAs.15 Long non-coding
RNA (lncRNA) belongs to novel isomeric ncRNAs and is a
transcript of more than 200 nucleotides without protein
coding function. Recently, many studies shown that
lncRNAs have multiple functions in various biological pro-
cesses, such as proliferation, apoptosis, dysregulated cell
migration in different diseases.15e17 Although more and
more new functions of lncRNA have been discovered in
many specific diseases or biological processes, a large
number of lncRNA are still functionally uncharacteris-
tic.18,19 In recent years, with the application of high-
throughput sequencing, a great number of lncRNAs
related to viral infection have been discovered and inten-
sively studied. Several lncRNAs have been described to
affect cellular responses to viruses such as influenza virus,
human immunodeficiency virus type 1, Kaposi’ssarcoma-
associated herpesvirus and hepatitis B virus.20e23 Analysis
of interaction between virus and lncRNA will provide in-
formation about potential mechanisms of lncRNA acting in
various steps of viral infection.

However, regulatory elements of lncRNAs in biological
pathway and cellular processes of BoDV infection remain
largely unknown. The aim of this study was to isolate lncRNA
from Strain V and Hu-H1 BoDV infected and uninfected mouse
cortical neurons to identify differential lncRNA expression
profiles. Possible mechanism analysis was then performed to
study on differential lncRNA and their target genes.

Materials and methods

Ethics statement

The Ethics Committee of Chongqing Medical University
approved the study. All experiments were conducted in
accordance with Chinese laws on the use of laboratory
animals.

Virus and cell culture

The viral strains were kindly provided by Professor Hanns
Ludwig of the Free University of Berlin, Germany. Prepa-
ration of standard BoDV strain solution and BoDV titration
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lncRNA expression in mouse cortical neurons infected with BoDV 149
were performed as described previously.24 Each virus titer
was approximately 2 � 105 focus forming units per milliliter
(FFU/ml).

Cells obtained from mouse cortical neurons of C57 BL/6J
mice (day 1 after birth) were mixed and then distributed to
a poly-L-lysine-coated six-well plates at a density of
1.5 � 106 cells/well of the 35 wells. After removed the
medium, cells were infected with 0.5 focus forming units of
multiple infection (MOI) for 2 h. BoDV infection was carried
out by adding a cell-released virus prepared as previously
described to the culture medium.24 The control groups
were added to the virus-free buffer as parallel control
experiment. Then, excess virus was removed and the neu-
rons were washed again in the neurobasal medium.
Thereafter, all cells were cultured for 12 days in a humid-
ified incubator (5% CO2, 37 �C). During this time, half of the
medium was changed every three days.

Immunofluorescence

Our previous studies showed that BoDV P40-positive neu-
rons could be detected almost 100% by day 12 in BoDV-
infected neurons.25 Immunofluorescence assays were then
applied on day 12 post infection. The percentage of neu-
rons was determined by observing randomly selected cells
in three independent experiments. Standard immunofluo-
rescence was performed as described previously.25 Briefly,
both BoDV-infected and control neurons were incubated in
6-well plates then permeabilized. After blocked and incu-
bation, neuron-specific markers MAP-2 and anti-BoDV-
specific p40 antigen primary monoclonal antibody were
performed.26 After incubated with the second antibody and
counterstained with DAPI, immunofluorescence was
detected using an inverted fluorescence microscope (Nikon,
Tokyo, Japan).

Microarray and data analysis

Total RNA from each sample was extracted using TRIzol and
quantified using a NanoDrop 1000 spectrophotometer. RNA
integrity was assessed using standard denaturing agarose
gel electrophoresis.

Microarray Arraystar Mouse lncRNA Array v2.0 was
designed to analyze lncRNA and protein-encoding RNA in
mouse genome. A total of 31,423 lncRNAs were collected
from authoritative data sources, including RefSeq, UCSC
Knowngenes, Ensembl and other related literature. Micro-
array analysis was carried out by KangChen Bio-tech,
Shanghai, PR China. For each microarray study, RNA from
every 3 mouse cortical neuron samples from control and
two BoDV strain infected groups was pooled and used for
hybridization.

Data analysis Agilent Feature Extraction software
(version 11.0.1.1) was used to analyze the acquired array
images. Quantile normalization and subsequent data pro-
cessing were performed using GeneSpring GX v11.5.1 soft-
ware package (Agilent Technologies). Then lncRNA and
mRNA with current or edge markers (“All Targets Value”)
were selected for further data analysis. Differentially
expressed lncRNA and mRNA between three groups were
identified by fold change filtration. Hierarchical Clustering
was performed using Agilent GeneSpring GX software
(version 11.5.1).

LncRNA-mRNA association analysis

To reveal interaction between antisense lncRNA and mRNA,
software RNAplex27 (http://www.tbi.univie.ac.at/RNA/
RNAplex.1.html) was used to predict complementary
correlation of antisense lncRNA and mRNA. lncRNA in less
than 10 kb up/down stream may be cis-regulators. The
cis-target genes are then subjected to enrichment analysis
of GO and KEGG pathway. We analyzed correlation between
lncRNAs and protein-coding genes to determine target
genes of lncRNAs.

qRT-PCR

Total RNA was reverse transcribed using the ReverTra Ace
qPCR Kit according to manufacturer’s instructions. Expres-
sion levels of five differentially expressed lncRNAs both in
two BoDV strains selected from the top 70 up-regulated and
top 70 down-regulated lncRNAs were verified by quantita-
tive real-time reverse transcription (qRT)ePCR using SYBR
Green assays. mRNAs as ceRNA network target genes of
lncRNA chosen from the five lncRNAs described above were
verified by qRT-PCR using SYBR Green assays. GAPDH was
used as an internal control. Tables S1 and S2 show the
primer sequences. Gene expression levels were analyzed
with the 2�DDCT method.

ceRNA analyses

The co-expression network was illustrated using Cytoscape
(v3.4.0). Analysis was carried out by KangChen Bio-tech,
Shanghai, China, searching for potential miRNA responses
elements on the sequences of lncRNA and mRNA. The
miRNA binding sites were predicted by miRcode (http://
www.mircode.org/) and miRNA-mRNA interactions were
predicted by Targetscan (http://www.targetscan.org/).

Data analysis

Data were expressed as mean � SD of three independent
experiments with three biological replicates. Statistical
analysis was performed using SPSS V.17.0 (SPSS, Chicago,
USA). Fold change and Student!s t test were used to
analyze the statistical significance of microarray and RT-
PCR results. P value < 0.05 (two-tailed) was considered
statistically significant.

Results

Verification of BoDV infection

BoDV-p40 could be detected in all RNA samples from BoDV-
infected mouse cortical neurons, but not detected in con-
trol groups. Immunofluorescence results showed that
neuron purity was over 90% and neurons in Strain V and Hu-
H1groups were infected with Strains V and Hu-H1 BoDV,
respectively.

http://www.tbi.univie.ac.at/RNA/RNAplex.1.html
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LncRNA is abnormally expressed in infected mouse
cortical neurons compared with the control groups

Microarray analysis was used to determine lncRNA expres-
sion profiles of mouse cortical neuron samples from control
and different strains of BoDV-infected groups as Strain V
and Hu-H1 (Fig. 1AeC). Using a pool of samples consisting of
more than 31,423 lncRNAs, we evaluated that a total of
2661 lncRNAs were differentially (fold change FC > 2,
P < 0.05) expressed in Hu-H1 BoDV-infected groups
compared to control groups with 1545 lncRNAs up-regulated
(>2 fold) and 1116 lncRNAs down-regulated. A total of 3528
lncRNAs expressed in Strain V BoDV-infected groups were
differentially (FC > 2, P < 0.05) compared to control groups
with 1649 lncRNAs up-regulated (>2 fold) and 1879 lncRNAs
down-regulated. A total of 379 lncRNAs were differentially
(FC > 2, P < 0.05) expressed in Hu-H1 BoDV-infected groups
compared to Strain V BoDV-infected groups with 278
lncRNAs up-regulated (>2 fold) and 101 lncRNAs down-
regulated (Table S3). Detailed informations, including top
70 up-regulated and top 70 down-regulated lncRNAs in Hu-
H1 and Strain V BoDV-infected groups compared to control
groups, were provided in Tables S4 and S5.
GO and pathway analysis for differentially
expressed lncRNAs

It has been shown that lncRNA mediates expression of
adjacent and distant genes by antisense-, cis- or trans-
acting regulation, respectively. A total of 206 antisense-
target genes, 232 cis-target genes and 2023 trans-target
genes were further identified from Ensembl data source for
GO and pathway analysis. Through GO analysis, we found
that differentially expressed lncRNAs in Hu-H1 BoDV
infection were mainly enriched in biological regulation,
cellular process, single-organism process, cell and cell part,
organelle, binding, membrane part, as well as sphingolipid
signaling pathway, axon guidance, cell adhesion molecules,
cGMP-PKG signaling pathway, focal adhesion, EpsteineBarr
virus infection, neuroactive ligandereceptor interaction,
GABAergic synapse, cAMP signaling pathway through
pathway analysis (Fig. 2A).

We found that differentially expressed lncRNAs in Strain
V BoDV infection were mainly enriched for biological
regulation, cellular process, single-organism process, cell
and cell part, organelle, binding, membrane part, as well as
natural killer cell mediated cytotoxicity, axon guidance,
ubiquitin mediated proteolysis, protein processing in
endoplasmic reticulum, adrenergic signaling in car-
diomyocytes, proteoglycans in cancer, cGMP-PKG signaling
pathway, focal adhesion, EpsteineBarr virus infection,
chemokine signaling pathway, neuroactive ligandereceptor
interaction through pathway analysis (Fig. 2B).

We found that differentially expressed lncRNAs in Hu-H1
and Strain V BoDV infection were mainly enriched for bio-
logical regulation, cellular process, single-organism pro-
cess, cell and cell part, organelle, binding, membrane, as
well as cAMP-PKG signaling pathway, GABAergic synapse,
neuroactive ligandereceptor interaction through pathway
analysis (Fig. 2C).
qRT-PCR validation of lncRNA

Five differentially expressed lncRNAs from top 70 up-
regulated and top 70 down-regulated lncRNAs in Hu-H1
and Strain V BoDV-infected groups which had the same
change in both Hu-H1 and Strain V BoDV-infected groups
were selected (Fig. 3A and B) and analyzed for their
expression levels in BoDV Strain V, Hu-H1 infected and
control groups via qRT-PCR. ENSMUST00000128469 was
found down-regulated both in Strain V and Hu-H1 BoDV
infection groups compared with control groups consistent
with array (p < 0.05). uc007 pgs.1, uc008mag.1 and
uc009scm.1 in Hu-H1 BoDV groups were found both down-
regulated consistent with array (p < 0.05), while
expressed levels of uc007 pgs.1, uc008mag.1, uc009scm.1
in Strain V BoDV groups and AK079793 in both Hu-H1 and
Strain V BoDV groups were found not consistent with array
(Fig. 3C).

Establishment of the lncRNA/miRNA/mRNA gene co-
expression network

To investigate molecular mechanism of lncRNA, based on
ceRNA analysis, we identified lncRNA/miRNA/mRNA inter-
action network of ENSMUST00000128469. ceRNA network
included lncRNA ENSMUST00000128469, 96 miRNAs and 31
mRNAs (Fig. 4). Predicted target mRNAs were mainly
enriched for regulation of myoblast proliferation, skeletal
muscle tissue regeneration, regulation of cell adhesion,
negative regulation of ERK1 and ERK2 cascade, cell and cell
part, basement membrane, non-motile cilium, proteina-
ceous extracellular matrix, extracellular matrix compo-
nent, integrin binding, catalytic activity, acting on a tRNA,
transmembrane receptor protein tyrosine kinase adaptor
activity, store operated calcium channel activity, metal-
loendopeptidase inhibitor activity, as well as transcrip-
tional misregulation and proteoglycans in cancer through
pathway analysis (Fig. 5). Then, we further identified
several promising networks of lncRNA/miRNA/mRNA in-
teractions. mRNAs as ceRNA network target genes of
ENSMUST00000128469 were selected and analyzed for their
expression levels in BoDV Strain V and Hu-H1 infection
groups and control groups via qRT-PCR. Igf1, Pag1, Car8,
BC026590, Braf, Grk1, Nwd1, Npnt, Purb, Mrgprd were
found to be up-regulated both in Strain V and Hu-H1 BoDV-
infected groups compared with control groups (p < 0.05)
(Fig. 6A). Our previous study found that function of target
genes of differential miRNA in BoDV infection in rat hip-
pocampus was related to ‘IGF1mTOR’ and ‘IGF1’ path-
ways.13 We focused on Igf1 and found possible lncRNA/
miRNA/mRNA interactions as ENSMUST00000128469/miR-
22-5p, miR-206-3p, miR-302b-5p, miR-302c-3p, miR-1a-3p/
Igf1 (Fig. 6B).

Discussion

Our study is the first study to perform a genome-wide
analysis of differentially expressed lncRNA in different
infection of BoDV strains. Further analysis of lncRNAs and
their target genes provided new insights into the mecha-
nisms of BoDV infection.



Figure 1 A-C Entire hierarchical clusterings of differentially expressed lncRNAs among Hu-H1, Strain V (group-S-V) BoDV-infected mouse cortical neuron and control groups
(group-CON), respectively; up- and down-regulated genes are colored in red and green.
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Figure 2 A-C Enrichment analysis of pathways and GO terms for differentially expressed lncRNAs in Hu-H1 vs control groups, S-V vs control groups and Hu-H1 vs S-V groups,
respectively.
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Since little is known about function of these lncRNAs,
through GO and pathway analysis we found that lncRNA
target genes in both strain V and Hu-H1 strains were
enriched in metabolic, biological regulations, cellular
process, endocytosis, cancer, viral infections and cell
adhesion. Previous studies showed that two BoDV strains
alter metabolic pathways as amino acids and energy
metabolism.28 BoDV surface glycoprotein (G) directed
BoDV entry cell through receptor-mediated endocytosis.29

BoDV infection may reduce expression of vascular cell
adhesion molecule 1 leading to maintenance of persistent
infection.30 The germline cells that borna virus retained
and integrated sequence into host genome can be genet-
ically involved in cancer formation as endogenous viral
elements and act as tumor suppressors.31 Homo sapiens
EBLNs-1 (hsEBLNs-1) as one of endogenous bornavirus-like
N-elements integrated in the germline of humans and
human ancestors, retains a long open reading frame (ORF)
that encodes 366 amino acids, comparable with the full-
length BoDV N protein.32 Sofuku et al showed that
hsEBLN-1 may have anti-tumor effects most probably
through functioning as lncRNA downregulation of COMMD3
expression potentiating NF-kB pathway.33 In addition,
BoDV N-protein possessed a NF-kB inhibitory sequence,34

working as an antagonist of hsEBLN-1.
However, Our team’s past studies found that Hu-H1

inhibited cell proliferation and promoted apoptosis of
human oligodendrocytes, while Strain V was the oppo-
site.35 Hu-H1 strain had anti-proliferative and no
apoptosis effect, while Strain V caused increase in
apoptosis of SH-SH5Y cells during initial infection.36 Our
studies of miRNAs in the hippocampi of neonatal rats
infected with BoDV Hu-H1 revealed that BoDV Hu-H1
induced downregulation miR-126 may involved in inhibi-
tion of NF-kB leading to induction of apoptosis, down-
regulation miR-200b could involved in microglia activation
regulated through the JNK/MAPK signaling and down-
regulation miR-449a to influence cell cycle regulation,
proliferation and apoptosis through the JNK/MAPK
signaling and BCL2 and CDK6/E2F1 pathways.13 That may
be why BoDV Hu-H1 infection may have different mech-
anism from BoDV Strain V infection. BoDV as the only RNA
virus known to persist in the nucleus of infected cells
inhibited histone acetylation by BoDV phosphoprotein
interference with histone acetyltransferase activity
accompanied by regulation of viral replication and
ensuring long-term maintenance in infected cells, which
was found both by our team in BoDV Hu-H1 infection in
human oligodendroglia cells37,38 and BoDV Giessen strain
He/80 infection in rat primary cortical neurons.39,40 This
revealed the perfect adaptation of this “old” virus to its
host, which may contribute to neuronal persistence and
limit cell damage. Therefore, lncRNA may be involved in
regulation of above BoDV-infected process, and have
different roles in different BoDV-infected in cell cycle
regulation, proliferation and apoptosis.

Currently, ceRNA analysis is new method for predicting
function of lncRNA. Our study is also first using ceRNA
analysis to indicate potential lncRNA/miRNA/mRNA in-
teractions of lncRNA-ENSMUST00000128469 in BoDV-
infection as ENSMUST00000128469/miR-22-5p, miR-206-
3p, miR-302b-5p, miR-302c-3p, miR-1a-3p/Igf1, suggesting



Figure 4 ceRNA analysis indicated potential lncRNA/miRNA/mRNA interactions of ENSMUST00000128469. Red nodes mean
miRNAs, gray node means ENSMUST00000128469, blue nodes mean mRNAs.
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its potential role as a ceRNA that may regulate pathogen-
esis of BoDV. Of course, additional functional studies in vivo
and vitro are needed.

Our study found that Igf1 may be involved in neuronal
disease caused by strain V and Hu-H1 BoDV infection. Igf1
signaling pathway controlled growth of most animal species
after birth,41 as major regulator of aging process from ro-
dents to humans.42 The major signaling pathway for IGF-1R-
mediated apoptosis protection is dependent on phosphati-
dylinositol 3-kinase, Akt/protein kinase B, and the phos-
phorylation and inactivation of BAD, a member of the Bcl-2
family of proteins, which may explain the remarkable ef-
ficacy of IGF-1R in protecting cells from apoptosis.43 Acti-
vation of Igf1 was involved in regulation of various cellular
functions of PI3K/Akt/mTOR pathway as cell proliferation,
differentiation, apoptosis, and associated with cancers as
leukemia44 rectal cancer,45 and esophageal adenocarci-
noma activated by ERK1/2 mitotic pattern.46 Igf1 mediated
inhibition of NF-kB activation in microglia.47 BoDV directly
interfered with NF-kB pathway.34 Igf1 may be involved in
pathogenesis of BoDV-infected with BoDV N-protein as
mentioned above by acting on NF-kB IGF-1, the most potent
natural activator of anti-apoptotic Akt/protein kinase b
(PKB), was a target gene of ENSMUST00000128469. miR-22-
5p affected expression of breast cancer and acute myeloid
leukemia.48 miR-206-3p inhibited Akt phosphorylation and
inactivated PI3K/Akt signaling pathway.49 miR-206 was
involved in Alzheimer’s disease by inhibiting expression of
brain-derived neurotrophic factor (BDNF),50 which induced
mutation triggering eliminated by BoDV.51 miR-302b-3p had
tumor suppressor effect in gastric cancer and reduced AKT
phosphorylation.52 miR-302C-3p inhibited both migration
and invasion of MHCC97H cells in vitro and AKT-mediated
epithelialemesenchymal transition in HCC cells.53 miR-1a-
3p regulated Akt/mTOR/S6K signaling pathway.54 Accord-
ing to the Ensemble Transcript ID, ENSMUST00000128469
could be found as synonym with the serine/threonine pro-
tein kinase PAK6 (mouse). PAK6, an effector kinase of the
Rho family GTPase Chp/RhoV, predominantly expressed in
the brain, positively regulated by androgen receptor, may
also be involved in stress-signaling stimulated by p38-MAP
kinase.55 Expression of PAK6 was targeted by miR-429 in
colon cancer cells,56 by miR-328 and miR-23a in prostate
cancer cells involved in cell growth and migration.57,58 PAK6
was recognized as a therapeutic candidate gene for
epileptic encephalopathy.59 Combined deletion of Pak5 and
Pak6 genes could lead to a significant impairment of
mobility, memory, and learning.60 This was consistent with



Figure 5 Enrichment analysis of pathways and GO terms for predicted target mRNAs of ceRNA analysis of ENSMUST00000128469.
A-C: GO analysis according to biological process, cellular component, and molecular function, respectively. D: Pathway analysis is a
functional analysis that involves mapping genes to KEGG pathways. The lower the P-value, more significant the pathway (The
recommended P-value cut-off is 0.05).

lncRNA expression in mouse cortical neurons infected with BoDV 155
prediction of target mRNA and miRNA by ceRNA analysis of
ENSMUST00000128469, and transcriptional misregulation
and proteoglycan pathways enriched in cancer in our study.

Therefore, we could presume that inhibition of NF-kB1
through N-protein, thereby escaping innate immunity of
the host, is one key of BoDV virus-driven mechanism.
While inhibition of NF-kB through down-regulation of miR-
126 has been induced promotion of apoptosis which the
natural strain Hu-H1 did but the more adapted strain V did
not. From the host side, a possible antagonist may be
hsEBLN-1 via downregulation of the COMMD3 gene and a
strong protection against apoptosis mediated by IGF-1
through multiple mechanisms. Another important support
to establish virus persistence works through epigenetic
signaling via BoDV P-protein involved in decreasing
histone acetylation. All processes above may lncRNA
especially ENSMUST00000128469 involve in.

In summary, although our study was preliminary and
lacked additional functional experiments, it provided
comprehensive understanding of lncRNA involved in
different BoDV-infected strains and helped elucidate
molecular mechanisms behind this infection. ceRNA
analysis was revealed that ENSMUST00000128469/miR-22-
5p, miR-206-3p, miR-302b-5p, miR-302c-3p, miR-1a-3p/
Igf1 network may have most potential for further
research.



Figure 6 A: Validation of mRNA by ceRNA analysis of ENSMUST00000128469 using qRT-PCR comparing Hu-H1, strain V BoDV-
infected mouse cortical neuron and control groups. B: ceRNA analysis indicated potential lncRNA/miRNA/mRNA interactions of
ENSMUST00000128469/miRNA/Igf1. Red nodes mean miRNAs, gray node means ENSMUST00000128469, blue nodes mean mRNAs.
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Conclusions

lncRNA may play important and different roles in infection of
different BoDV strains. GO and pathway analyses indicated
that lncRNA may be involved in regulation of metabolic,
biological regulation, cellular process, endocytosis, viral in-
fections and cell adhesion processes, cancer in both BoDV-
infected strains. lncRNA target genes may have different
regulatory roles in different BoDV-infected strains in cell
cycle regulation, proliferation and apoptosis. lncRNA may be
involved in regulation of Hu-H1 inhibited cell proliferation
and promoted apoptosis through NF-kB, JNK/MAPK signaling,
BCL2 and CDK6/E2F1 pathways different from Strain V.
Possible interaction networks as ENSMUST00000128469/miR-
22-5p, miR-206-3p, miR-302b-5p, miR-302c-3p, miR-1a-3p/
Igf1 indicated by ceRNA analysis may involve in regulation of
cell proliferation, apoptosis, and cancer.
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