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Background
Enteroviruses (EVs), belonging to the order Picorna-
virales of the Picornaviridae family, are nonenvel-
oped viruses with positive-sense single-stranded RNA 
genomes that include EV-A and EV-D [1]. Echovirus 30 
(E30) is a common EV-B species that can cause various 
diseases, such as viral encephalitis, aseptic meningitis, 
hand, foot, and mouth disease, and acute flaccid paraly-
sis [2, 3]. Although neurological infections are the most 
common complication leading to severe symptoms, no 
vaccines or effective drugs are available [4].

EVs, such as poliovirus and enterovirus A71, can 
invade the central nervous system (CNS) and cause 
severe meningitis, brainstem encephalitis, inflamma-
tory infiltration, and gliosis [5–7]. Many cases of CNS 
infections caused by E30 outbreaks have been reported 
in Europe [8], and pathological evidence suggests that 
E30 can infect human choroid plexus epithelial cells 
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Abstract
Echovirus 30 (E30), a member of the species B Enterovirus family, is a primary pathogen responsible for aseptic 
meningitis and encephalitis. E30 is associated with severe nervous system diseases and is a primary cause of child 
illness, disability, and even mortality. However, the mechanisms underlying E30-induced brain injury remain poorly 
understood. In this study, we used a neonatal mouse model of E30 to investigate the possible mechanisms of brain 
injury. E30 infection triggered the activation of microglia in the mouse brain and efficiently replicated within HMC3 
cells. Subsequent transcriptomic analysis revealed inflammatory activation of microglia in response to E30 infection. 
We also detected a significant upregulation of polo-like kinase 1 (PLK1) and found that its inhibition could limit 
E30 infection in a sucking mouse model. Collectively, E30 infection led to brain injury in a neonatal mouse 
model, which may be related to excessive inflammatory responses. Our findings highlight the intricate interplay 
between E30 infection and neurological damage, providing crucial insights that could guide the development of 
interventions and strategies to address the severe clinical manifestations associated with this pathogen.
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and disrupt the blood-brain barrier [9, 10]. E30 can 
cause paralysis and death in suckling mice. However, 
the exact mechanism underlying E30-induced neuro-
logical damage remains unclear [11]. Therefore, the 
mechanism by which host-cell interactions affect viral 
replication and pathogenesis must be further investi-
gated [12].

Microglia, macrophage-like brain immune cells of 
the CNS, serve as viral reservoirs that promote exces-
sive cellular stress and cytotoxicity [13]. When microg-
lia encounter immunological stimuli, they activate and 
release inflammatory mediators such as Interleukin 6 
(IL6). Increasing evidence indicates that the activation 
and subsequent dysregulation of these cells can lead 
to significant neurotoxic effects. In previous investi-
gations of mouse brain tissue infected with EV-A71, 
co-localization of viral antigens with microglia was 
observed. Therefore, we speculate that the activa-
tion of microglia induced by E30 infection may be the 
mechanism driving the neuroinflammatory process 
[14, 15].

Despite increasing evidence, the specific mechanisms 
by which E30 infection damages the CNS remain 
unknown. In this study, we demonstrated that E30 
infection directly infects human microglia and induces 
inflammatory responses. In addition, we identified 
PLK1 as a potential host factor affecting E30 replica-
tion, revealing a connection between E30 infection and 
neurological damage and providing crucial insights 
into clinical intervention strategies.

Materials and methods
Cell culture and virus
Human rhabdomyosarcoma (RD) and Human microg-
lial clone 3 (HMC3) cell lines were commercially 
obtained from ATCC and cultured in Dulbecco’s modi-
fied Eagle’s medium (Gibco, USA) containing 10% fetal 
bovine serum (Gibco, USA) and 1% penicillin-strepto-
mycin (HyClone, USA) at 37 °C in an atmosphere con-
taining 5% CO2.

The E30 strain TL1C/NM/CHN/2016 (TL1C) 
was isolated from an aseptic meningitis outbreak in 
Tongliao City, Inner Mongolia Autonomous Region, 
China, between June and August 2016.

Animal experiments
IFNAR−/− mice were purchased from SPF Biotech-
nology Co., Ltd. (Beijing, China). Three-day-old 
IFNAR−/− mice were intracranially (i.c.) infected with 
the E30 strain TL1C at 105 50% tissue culture infective 
dose (TCID50) (n = 7 per group). In contrast, control 
mice were inoculated with maintenance culture media 
and reared separately from the infected mice. The 
weights, survival rates, and clinical scores of mice were 

recorded daily. The clinical disease grade was scored 
as previously reported [16].

Intracranial injection of BI2536 or dimethyl sulf-
oxide (DMSO) was performed 4  h before E30 chal-
lenge. Comparative analyses of body weight, survival 
rates, and clinical scores were performed by inject-
ing E30 or cell culture maintenance medium with 
DMSO. The groups included to five treatment groups: 
E30, E30 + DMSO, E30 + BI2536, BI2536, and DMSO, 
respectively.

Virus isolation and titers in mouse brain tissues
Brain tissues were harvested from 3-day-old IFNAR−/− 
mice intracranially injected with TL1C on days 1, 
3, and 5 dpi (n = 7 per time point). All samples were 
added to phosphate-buffered saline (PBS) containing 
1% penicillin-streptomycin and crushed in a tissue 
grinder (Scientz, Ningbo, China). After three freeze-
thaw cycles and subsequent centrifuging at 3000  g 
for 5  min at 4  °C, supernatants from each time point 
underwent 10-fold serial dilution and were inoculated 
into RD cells cultured in 96-well plates. After 5 days of 
observation, virus titers were evaluated using a TCID50 
assay.

Viral growth kinetics
HMC3 cells were infected with E30 (MOI = 5) under 
5% CO2 and 37℃. After 2  h of incubation, cells were 
washed three times with PBS. Supernatants were col-
lected 2, 12, 24, and 48 h post-infection (hpi) (n = 7 per 
time point), and viral titers were quantified.

Histopathological and immunofluorescence assays
Following the i.c. injection of TL1C into 3-day-old 
IFNAR−/− mice, brain tissue from the experimental 
and control groups were harvested at 5 dpi. These tis-
sues were fixed in formalin buffer for 24 h, dehydrated, 
embedded in paraffin, and sliced into 5  μm-thick 
sections. Hematoxylin and eosin (H&E) or Nissl’s 
stains were applied to visualize the samples using an 
AxioCam MRc5 (Carl Zeiss, Berlin, Germany) at 200× 
or 400× magnification.

For immunofluorescence analysis, tissues were fixed 
in a 10% paraformaldehyde solution for 24  h, embed-
ded in optimal cutting temperature (OCT) compound, 
and sectioned. OCT-embedded sections were stained 
with primary antibodies at 4  °C overnight. The pri-
mary antibodies were as follows: Rabbit polyclonal 
anti-E30 antibody (1:100 dilution) (ABclonal, Woburn, 
MA, USA), mouse monoclonal anti-GFAP antibody 
(1:100 dilution; Abcam, Cat No. ab4648, UK), and 
mouse monoclonal anti-Iba 1 antibody (1:100 dilu-
tion; GeneTex, Cat No. GTX10312, USA). Fluorescent 
DyLight 488, goat anti-rabbit IgG and Dylight 680, and 
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goat anti-mouse IgG (1:500 dilution) antibodies were 
added and incubated at 37 °C for 1 h. Finally, all images 
were collected using a Leica laser scanning confocal 
microscope (Leica, Germany).

Western blotting
Mouse brain tissue samples were homogenized in radio-
immunoprecipitation assay (RIPA) buffer containing 1× 
protease inhibitor (Sigma, P8340). Tissue lysates were 
diluted in 1× SDS sample buffer and sonicated for 10  s 
after incubation at 100 °C for 10 min. Total lysate proteins 
were resolved in 4–20% Tris-glycine gels (Invitrogen) and 
transferred to nitrocellulose membranes. Western blot-
ting was performed using an enhanced chemilumines-
cence (ECL) Prime kit (GE Healthcare). Multiple samples 
on the same membranes were probed with antibodies 
against the proteins of interest and β-actin, which served 
as the loading control. The primary monoclonal anti-
bodies included mouse anti-Iba1 (GeneTex), anti-GFAP 
(Abcam), and anti-β-actin (Santa Cruz Biotechnology).
while the secondary antibodies were obtained from Santa 
Cruz Biotechnology. The relative expression of target 
proteins to the internal controls was quantified using 
ImageJ software.

Cell toxicity analyses
After covering the 96-well plate with a single layer of 
cells, BI2536 (2, 5, 10, 20, 40, 80, 160, and 320 nM) was 
added after gradient dilution. After 48  h of incubation, 
10 mL of CCK8 solution was added to the experimental, 
control, and blank wells. After another hour of incuba-
tion, each well’s optical density (OD) was measured using 
a Multiskan FC enzyme-linked immunosorbent assay 
(Thermo Scientific). The cell activity at the correspond-
ing inhibitory concentration was calculated based on 
the measured OD value to obtain the optimal inhibitory 
concentration.

Library preparation for transcriptome sequencing
TRIzol Reagent was used to extract total RNA from 
E30-infected HMC3 cells and the control group (n = 3 
per group). RNA concentrations were quantified using 
a Qubit 2.0 (Invitrogen, USA), and the RNA integrity 
(RIN ≥ 8) was assessed using a Bioanalyzer 2100 (Agilent, 
USA). The initial cDNA strand was synthesized using 
random primer reverse transcription, followed by the 
amplification of second-strand cDNAs using RNase H 
and DNA polymerase. Finally, the enriched and purified 
cDNAs were sequenced on an Illumina NovaSeq 6000 
platform. Gene expression levels were quantified using 
feature count software (version 1.5.0).

RNA-seq data analysis
Reads featuring perfect matches or single mismatches 
were considered for subsequent analysis and annotation 
against the Homo sapiens reference genome. The Hisat2-
StringTie-Edge R pipeline facilitated read mapping, tran-
script assembly, and differential expression identification, 
respectively. Gene expression was normalized using frag-
ments per kilobase of transcript per million. A signifi-
cance threshold of P < 0.05 and log2 (fold change) ≥ 1.5, 
as analyzed using Hiplot Enhanced MA v0.1.0, was set 
as the threshold for significant differential expression. 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analyses were conducted 
to elucidate the biological significance of differentially 
expressed genes (DEGs). KEGG pathway analysis was 
used to better correlate the DEG catalog with system 
functions at higher levels of cells, species, and ecosys-
tems to better understand the molecular response net-
works of protein-coding genes. These were then enriched 
and analyzed using the Database for Annotation, Visual-
ization, and Integrated Discovery (DAVID) Bioinformat-
ics Resources 6.8.

ELISA
Serum samples were collected from mice 1, 3, and 5 days 
after infection, and used to measure the expression of 
IL6, IFN-g, TNF-a and IL-1b by ELISA (Yeasen Biotech-
nology) according to the manufacturer’s instructions. 
All experimental measurements were repeated seven 
times independently. Independent experiments were per-
formed for each experiment.

RT-qPCR
Total RNA was extracted from HMC3 cells infected with 
the virus and reverse transcribed into cDNA. The reac-
tion system was prepared using SYBR® Green ERTM 
qPCR Super Mix (Invitrogen) and detected using a flu-
orescence quantitative PCR instrument (reaction pro-
gram: 50℃ 2  min, 95℃ 10  min; 95℃ 15s, 60℃ 1  min, 
40 cycles). The expression levels of the detected genes 
were analyzed using the 2⁃ΔΔCt method, with β-actin as 
the internal reference to compare the differential expres-
sion of the selected genes to that of the control group. 
All experimental measurements were repeated five times 
independently. Independent experiments were per-
formed for each experiment.

Statistical analysis
GraphPad Prism 8.0 (GraphPad Software) was used 
for all statistical analyses. The log-rank (Mantel-Cox) 
test was used to assess survival rates among the various 
mouse groups. The statistical significance of the com-
parison of two means was assessed using the unpaired 
Student’s t-test. The results were expressed as the 
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mean ± standard deviation (SD). Independent experi-
ments were performed for each experiment. Differences 
in cytokines and tissue viral titers in different mice in dif-
ferent mice were analyzed using the ANOVA test, with 
P values < 0.05 deemed significant. **P < 0.01; ***P < 0.001; 
****P < 0.0001; ns: No significant difference.

Results
E30 infection causes brain injury in a mouse model
We observed that the 3-day-old IFNAR−/− mice inocu-
lated with a lethal dose of the E30 strain TL1C via the i.c. 
route developed significant hind limb paralysis, gradually 
lost weight, and died within 3–5 dpi with a clinical score 
of 3–5 (Fig.  1A). In contrast, the mock group remained 
healthy throughout the experiment (Fig. 1B, C).

Table 1  Primers for RT-qPCR
Gene name Primer Primer sequence (5´-3´)
IL6 F

R
​A​G​A​C​A​G​C​C​A​C​T​C​A​C​C​T​C​T​T​C​A​G
​T​T​C​T​G​C​C​A​G​T​G​C​C​T​C​T​T​T​G​C​T​G

NLRP3 F
R

​T​G​C​A​C​T​G​A​C​T​G​G​C​A​G​A​A​G​G​C
​C​C​A​C​A​T​G​C​C​G​A​G​G​A​T​G​G​T​C​C

IL1A F
R

​G​G​C​C​C​A​C​T​C​C​A​T​G​A​A​G​G​C​T​G
​G​T​C​A​T​T​G​G​C​G​A​T​G​G​C​C​T​C​C​A

IFI16 F
R

​A​G​C​T​G​A​G​A​G​C​C​A​T​C​C​C​C​A​C​A
​C​A​G​C​T​G​G​G​C​C​T​A​T​G​C​T​G​G​T​C

CXCL8 F
R

​G​T​G​G​C​T​C​T​C​T​T​G​G​C​A​G​C​C​T​T
​C​C​A​C​A​A​C​C​C​T​C​T​G​C​A​C​C​C​A​G

CXCL1 F
R

​T​G​C​T​G​C​T​C​C​T​G​C​T​C​C​T​G​G​T​A
​G​T​C​C​G​G​G​G​G​A​C​T​T​C​A​C​G​T​T​C

PLK1 F
R

​A​A​G​A​G​A​T​C​C​C​G​G​A​G​G​T​C​C​T​A
​G​C​T​G​C​G​G​T​G​A​A​T​G​G​A​T​A​T​T​T

Fig. 1  E30 infection induces brain injury in a mouse model. Three-day-old IFNAR−/− mice were intracranially (i.c.) injected with TL1C strain at 105 TCID50; 
(n = 7 per group). Control mice received uninfected culture medium. The body weight (A), survival rate (B), and clinical scores (C) of the 3-day-old mice 
were monitored daily. Histopathological examination was performed on brain tissue from infected mice using H&E and Nissl’s staining. Histopathological 
analysis revealed cerebral edema, neuronal cell swelling, diminished or absent Nissl bodies, and nuclear vacuolation (D). Mock tissues displayed no altera-
tions. Brain tissue sections from suckling mice were immunofluorescence stained with DAPI (blue) and VP1 (E; red)—scale bars: 200 μm, 50 μm. Data are 
shown as the mean ± SD. **P < 0.01; ***P < 0.001; ****P < 0.0001; ns: Not significant
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Subsequently, these two types of infected mouse tis-
sue at 5 dpi were subjected to H&E or Nissl staining to 
monitor histopathological changes. Compared with the 
control group, the symptoms of encephalitis present-
ing as cerebral edema and neuronal cell swelling in the 
infected mice were similar to those observed in humans 
(Fig. 1D). EV infection can cause neuroinflammation and 
microglia, the resident macrophages of the CNS, serve 
as viral reservoirs and promote excessive cellular stress 
and cytotoxicity [17]. Concordantly, the immunofluores-
cence analysis conducted in this study revealed that the 
E30 VP1 antigen colocalized with the mouse brain tis-
sue (Fig. 1E). Our findings suggest that E30 infection can 
cause brain injury in neonatal mice.

Effective E30 replication and associated neurological 
pathological damage in infected mouse brains
Subsequently, we investigated whether E30 infection 
could cause gliosis and excessive inflammation in the 
spinal cord. We observed that the E30 VP1 antigen, com-
pared to GFAP-positive astrocytes, colocalized with Iba1 
positive microglia (Fig. 2A, B), and the viral loads in brain 
tissues ranged from 101.5TCID50 at 1 dpi to 103.75TCID50 
at 5 dpi, suggesting effective replication of E30 in suck-
ling mouse brains (Fig. 2C).

Likewise, we found that viral infections significantly 
activated the expression of IL6, IFN-g, TNF-a and IL-1b 
(Fig. 2D).

Compared to the control group, western blot analy-
sis revealed increased expression of the GFAP and Iba1 
proteins at 5 dpi (Fig. 2E). These results suggest that E30 
infection causes excessive brain inflammation.

E30 replication and dysregulation of inflammatory 
signaling in HMC3 cells
Given the co-localization of the E30 VP1 antigen with 
Iba1-positive microglia in infected mouse brains, we next 
determined the replication potential of E30 in human 
microglial cell lines. We monitored the dynamics of viral 
replication in HMC3 cells, assessing viral titers at four-
time points after infection. E30 exhibited replication in 
HMC3 cells, and the growth curve showed titers ranging 
from 102.5 to 105.5 TCID50 (Fig. 3A).

With E30 exhibiting proficient replication in HMC3 
cells, we further investigated how host-cell interactions 
influence viral replication and pathogenesis. Accordingly, 
we identified DEGs elicited by E30 infection in human 
HMC3 cells using RNA-seq analysis. In addition, 1284 
genes were significantly upregulated and 831 genes were 
downregulated (Fig. 3B).

Through GO and KEGG pathway enrichment analy-
ses of DEGs identified via RNA-seq of E30-infected 
HMC3 cells, we observed that signaling pathways asso-
ciated with antiviral responses and inflammation were 

significantly impacted (Fig.  3C, D). These pathways 
are involved in various aspects such as inflammatory 
response, protein phosphorylation, protein tyrosine 
kinase activity, viral response, innate immunity, cellular 
response to interferon-gamma, Toll-like receptor sig-
naling, cytokine-cytokine receptor interaction, and the 
PI3K-Akt pathway. Notably, the expression of several 
genes, including IL6, interferon-gamma inducible protein 
16 (IFI16), C-X-C motif chemokine ligand 8 (CXCL8), 
C-X-C motif chemokine ligand 1 (CXCL1), interleukin 
IL-1 alpha (IL1A), NLR family pyrin domain contain-
ing 3 (NLRP3), and polo-like kinase 1 (PLK1), exhibited 
substantial elevation following E30 infection (Table  1), 
which was confirmed by RT-qPCR (Fig. 3E). These genes 
contribute to the release of inflammatory factors during 
viral infection and also play pivotal roles in viral infec-
tion. Notably, the involvement of PLK1 in viral infection 
prompted us to explore its significance in E30 infection.

BI2536, a PLK1 inhibitor, alleviates pathogenic symptoms 
in E30-infected mice
Next, to determine the correlation between PLK1 and 
E30 replication, we investigated the effects of a PLK1 
inhibitor (BI2536, a small-molecule PLK1 inhibitor) on 
the survival and viral replication of neonatal IFNAR−/− 
mice infected with a lethal dose of E30. The cell viability 
experiment and IC50 indicated that the optimal inhibitor 
concentration that did not affect cell viability was 40 nM 
(Fig. 4D, E). Mice in the BI2536-treated group exhibited 
higher weights, higher survival rates, and lower clinical 
scores than those in the challenged group. Conversely, 
the values of the E30 and E30 + DMSO groups did not 
exhibit significant differences (Fig. 4A, B, and C).

We conducted pathological examinations on brain tis-
sue from all groups to gain deeper insights. Nissls and 
hematoxylin and eosin staining revealed no discernible 
pathological changes in the control group. Conversely, 
the E30-infected group showed substantially reduced 
nerve cell levels, accompanied by evident edema, bleed-
ing, and vacuole-like changes. Notably, the BI2536-
treated group exhibited less pronounced pathological 
alterations and virus titers than the challenged group 
(Fig. 4G, H, and F). These findings suggest a role for PLK1 
expression in E30 replication, thereby offering a founda-
tion for further exploration of the molecular pathogenic 
mechanisms of E30 during host infection.

Discussion
E30, a significant pathogen of aseptic meningitis, has 
received extensive attention across clinical medicine, epi-
demiology, and diagnostics [18, 19]. However, genotype 
variations appear to influence the prevalence and occur-
rence of viral meningitis outbreaks, contributing to the 
long-term neglect of E30 infection pathogenesis [20]. 
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Fig. 2  Efficient E30 replication and associated neurological pathological damage in infected mouse brains. Three-day-old IFNAR−/− mice were i.c. injected 
with a 105 TCID50 of E30. The spinal cords from suckling mice were immunofluorescence stained with DAPI (blue), astrocyte markers GFAP (A; red), microg-
lia marker Iba1 (B; red), and VP1 (A, B; green). Scale bars: 1000 μm, 200 μm and 100 μm. Brain tissue virus titers were determined at 1, 3, and 5 days post-
inoculation (dpi) (n = 7 at each time point), and ELISA was performed to determine the levels of IL6, IFN-g, TNF-a and IL-1b in mice (n = 7) (C, E). Western 
blot was applied to detect the expression of GFAP and Iba1 in mouse brains (D). The GFAP and Iba1 protein expression related to the internal control was 
quantified using Image J software. Data are shown as the mean ± SD. **P < 0.01; ***P < 0.001; ****P < 0.0001; ns: Not significant
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Prior research has highlighted the potential of animal 
models to elucidate the possible mechanisms of EV infec-
tion, with EV-A71 and CVA16 mouse models serving as 
valuable tools for studying candidate vaccines and patho-
genesis [21, 22]. EVs are usually not infectious to mice. 
Although various animal models of other EVs have been 
established, there are few models of Echovirus. Prior 
work by Bergelson et al. established an Echovirus type 
1 mouse model [23], and our preliminary investigations 
have indicated significant pathological changes and mor-
tality from E30 infection in suckling mice [11].

EVs, including E30, are linked to neurological diseases, 
thus posing a critical scientific challenge [3]. Virally 
induced inflammation within the CNS is believed to be 

mediated by autoreactive T cells activated in the periph-
eral region, infiltrating the blood-brain barrier [24, 25]. 
Infection with the TL1C strain of E30 is associated with 
symptoms such as lethargy, paralysis, and other CNS 
manifestations in IFNAR−/− mice, ultimately resulting in 
mortality. Although we previously established E30 rep-
lication within mouse brains, the precise mechanisms 
underlying the virus-mediated induction of CNS symp-
toms remain enigmatic and unknown [11]. Within the 
CNS, microglia and astrocytes are pivotal regulators of 
the neuroinflammatory process [26]. Notably, co-local-
ization of the E30 VP1 antigen with Iba1-positive microg-
lia was established, and further investigations confirmed 
the proficient replication of the TL1C isolate within 

Fig. 3  Proficient replication of the E30 strain TL1C in HMC3 cells and dysregulation of inflammatory signaling and virus-responsive genes at the tran-
scriptome level. Virus titer detection in E30-infected HMC3 cells (n = 7 for each time point) (A). Volcano plot analysis for differentially expressed genes 
in E30-infected mice relative to the control group. Red dots denote up-regulated genes, whereas blue dots represent down-regulated genes (B). Gene 
Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses of differentially expressed genes in HMC3 cells (C, 
D). RNA level by RT-qPCR (n = 5) (E). Data are shown as the mean ± SD. **P < 0.01; ***P < 0.001; ****P < 0.0001; ns: Not significant
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Fig. 4  PLK1 inhibitor BI2536 alleviates pathogenic symptoms in E30-infected mice. Monitoring of body weight (A), survival rates (B), and clinical scores 
(C) continued until 9 dpi. Cell viability and IC50 assays of BI2536 (D, E). Brain tissue virus titers were determined at 1, 3, and 5 days post-inoculation (dpi) 
with the BI2536 (n = 7 for each time point) (F). Nissl’s and H&E staining of Spinal cord sections from E30-infected mice (G, H). Brain tissues collected from 
DMSO-treated, BI2536-treated, E30-infected, and DMSO + BI2536-treated E30 infection groups. E30-infected groups showed clear edema, bleeding, and 
vacuole-like changes (H). Scale bars: 1000 μm, 200 μm and 100 μm. Data represent the mean ± SD. Two-tailed Student’s t-tests were employed to deter-
mine the significance of the data. **P < 0.01; ***P < 0.001; ****P < 0.0001; ns: Not significant
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HMC3 cells. As immune cells in the CNS, microglia play 
important roles in immune monitoring, debris clearance, 
and synaptic pruning in the central environment [27]. 
In addition, microglia exhibit significant morphological 
changes and interact with neurons and non-neurons in 
the CNS. The activation of microglia can lead to a series 
of neurological complications, and the dysfunction of 
microglia may adversely affect cognitive abilities, learn-
ing process, and memory retention. Therefore, the pro-
inflammatory effect of microglia plays a pivotal role in 
elucidating the CNS symptoms caused by E30 infection 
[28, 29]. Subsequent RNA sequencing analysis of E30-
infected HMC3 cells revealed dysregulation of inflam-
matory signaling and regulation of virus-related genes 
(IL6, IFI16, CXCL8, CXCL1, IL1A, NLRP3, and PLK1). 
IL6, IL1A, CXCL8, and CXCL1 are effective initiators 
of acute phase responses, and their rapid production 
helps enhance host defenses against infections and tissue 
damage. Excessive synthesis is associated with disease 
pathology [30, 31]. In the immune response activated 
by exogenous viral infection, IFI16 affects the activation 
of NLRP3 by triggering the STING pathway, which is 
related to the development of various inflammatory and 
immune-mediated diseases [32]. Notably, PLK1, a mem-
ber of the polo-like kinase family, has been implicated in 
both the cell cycle and viral infection, thereby prompting 
further exploration into its pivotal role in E30 infection.

In addition to DEGs, PLK1 has been identified as a cru-
cial player in multiple facets of mitosis, particularly in 
regulating mitotic entry and exit [33]. Moreover, it exerts 
regulatory control over interferon (IFN) induction via 
mitochondrial antiviral-signaling protein (MAVS). Given 
its significance in cell mitosis, the potential involvement 
of PLK1 in facilitating the cellular entry of E30 during 
infection is evident. This kinase governs mitotic entry, 
Spindle Assembly Checkpoint (SAC) silencing, and cyto-
kine division [34, 35]. Research-based on anti-PLK1 anti-
bodies and small interfering RNA (siRNA) treatments 
has highlighted the importance of PLK1 in the progres-
sion of cancer [36]. BI2536 can effectively bind to the 
kinase domain of PLK1 and inhibit its activity, including 
regulation of various mitotic processes and the cell cycle 
[37]. Although the mechanisms by which BI2536 inhibits 
E30 replication remain unclear, preliminary results sug-
gest its potential to mitigate E30-induced pathological 
manifestations.

Conclusion
Our research explored the neuronal damage in the brains 
of suckling mice caused by E30 infection and the upregu-
lation of inflammatory response pathways in HMC3 cells. 
Furthermore, we discovered that PLK1 may be necessary 
for viral infection. These findings offer further avenues 
for exploring the mechanisms by which E30 infection 

triggers CNS diseases. At present, the factors involved 
in E30 infection are not known and require further 
exploration.
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