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Abstract
Background: Enterovirus 71 (EV71) infection serves as a leading cause of hand-foot-and-mouth disease, 
and induces neural disorders. Apelin-13, as a neuropeptide, presents potential neuroprotective activities, 
but its short half-life in circulation has limited its clinical use. 

Objective: To explore the role of nano-liposomal encapsulation-delivered apelin-13 in the development of 
EV71 infection-induced neurodegeneration. 

Method: The liposome encapsulating apelin-13 (lipoPEG-A13) was successfully constructed and 
characterized in the study. The neurodegeneration measurement in an intracranially EV71-infected mouse 
model was performed in vivo. MTT assays, lactate dehydrogenase release assays, immunohistochemistry, 
and immunofluorescence staining qPCR assays, and Western blot analysis were respectively performed. 

Results: EV71 notably replicated and promoted apoptosis in the cerebral cortex from the EV71-infected 
mice but exhibited comparatively low replication and slightly regulated apoptosis in the cerebellum. 
Remarkably, lipoPEG-A13 was able to inhibit EV71-induced neurological injury in the murine cerebral 
cortex in vivo. Meanwhile, LipoPEG-A13 could attenuate EV71-caused apoptosis of the neural cell in 
the brain. LipoPEG-A13 decreased the Toll-like receptor 7 (TLR7) and interleukin-6 (IL-6) production 
in the mice. Apelin-13 inhibited the expression of TLR7 and IL-6 in the human astroglioma U251 cells. 
Apelin-13 could reduce the apoptosis of astrocytic cells infected with EV71. 

Conclusion: Nano-liposomal encapsulation-delivered apelin-13 attenuated EV71 infection-induced 
neurodegeneration via modulating IL-6 and TLR7 production. The finding provides new insights into 
how Nano-liposomal encapsulation-delivered apelin-13 modulates EV71 infection-induced neurological 
disorders. The Nano-liposomal encapsulation-delivered apelin-13 presents the application potential in the 
clinical context. 
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1 INTRODUCTION
Enterovirus 71 (EV71) serves as an RNA virus and is a 

principal contributor to the hand-foot-and-mouth disease, 
regularly producing the tempered symptom in infants, but 
causing severe disorders, such as acute flaccid paralysis, 
brain stem encephalitis, and aseptic meningitis[1-4]. The 
increasing EV71-induced outbreak has been the case 
of significant public health matter and is accountable 
for extended mortality and neurovirulence, especially 
in the Asian-Pacific region[5-7]. EV71 infection induces 
severe neurological disease with well-defined clinic 
radiological symptoms in related patients, leading to a more 
considerable paresis-associated incidence in the spinal cord 
or brainstem[8]. The progression of EV71 infection-related 
neurodegeneration involves multiple inflammatory factors, 
such as Toll-like receptor 7 (TLR7) and interleukin-6 (IL-6)
[9]. TLR7 and IL-6 play crucial roles in neurodegeneration. 
Exploring the therapeutic candidate for the EV71 infection-
induced neurological symptoms is hugely needed. 

Apelin is a neuropeptide obtained from stolid abdomen 
tissues and sustains cleaved from apelin-36, apelin-17, and 
apelin-13[10]. Apelin-13 serves as a more effective type of 
apelin in competing for interacting with the APJ[11]. The 
distribution of apelin-13 in the hypothalamus, substantia 
nigra, striatum, cerebellum, hippocampus, hypothalamus, 
and amygdala, implies that apelin-13 may display crucial 
and broad functions in pathophysiological and physiological 
processes[12]. It has been identified that the apelin-13/
APJ system may play a critical function in the neuronal 
protection and pathway in the central neuronal system[13]. 

Broadly clinic apelin-13 application is severely 
hindered by the peptide’s unstable feature in both in 
vivo and in vitro situations[14,15]. The plasma variability 
of apelin-13 is owed to the fast degeneration[16,17], which 
leads to a remarkably short half-life (<8min) in plasma[18]. 
Nanoparticle drug formulation has been identified to be 
beneficial for the continued transfer of therapeutic agents 
in numerous disorders[19,20]. Amidst a type of Nanoparticle, 
the liposome is generally regarded as a proper vesicle for 
potentially targeted drug transmission[21]. The liposome 
peptide delivery system caters to different physiological 
requirements[22]. To improve drug targeting efficiency, 
the ligand for the receptor of the individual cell surface 
requires to be organized into Nanoparticles[22]. Liposome 
encapsulation of drugs can achieve this use by employing 
various loading methods[21]. Acknowledging that facade 

alteration of liposomes can increase the drug deliverance 
characteristics of Nanoparticles, a substantial number of 
investigations focus on the liposome-drug interaction[23]. 
However, the effect of Nano-liposomal encapsulation-
delivered apelin-13 on the progression of EV71 infection-
induced neurodegeneration is still obscure. 

We identified a novel neuroprotective function of nano-
liposomal encapsulation-delivered apelin-13 in the EV71 
infection-induced neurodegeneration via modulating TLR7 
and IL-6 production. 

2 MATERIALS AND METHODS
2.1 Liposome Encapsulation and Characterization 

Lipids utilized to construct the liposomes contain 
1,2-distearoyl-sn-glycero-3- phosphocholine (DSPC) 
(Avanti polar lipids, Inc., USA), cholesterol (Sigma, USA), 
and 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[amino (polyethylene glycol)-3400] (DSPE-PEG(3400)- 
NH2) (Laysa, China) . PEG-carrying liposome (lipo-PEG) 
was equipped by dissolving NH2-PEG-DSPE (2mg), DSPC 
(10mg), and cholesterol (5mg) in chloroform (1mL). The 
mix-up was concentrated following a vacuum condition in 
a rotary evaporator to produce a thin sheet of particles. The 
lipid layers were hydrated by the double-distilled water and 
sonicated (30min) to get a turbid liposome solution. The 
solutions were cooled and lyophilized to get solvent-free 
dry liposomes. Apelin-13 was encapsulated by hydrating 
the liposomes (17mg) with apelin-13 (3.3mg) in the double-
distilled water (1mL) followed by 30min sonication. 
The characterization of the Nanoparticles was analyzed 
by atomic force microscopy (AFM) and dynamic light 
scattering measurements.

2.2 Animal Investigation
The C57BL/6 mice (three-day-old) were obtained 

(Shanghai Laboratory Animal Center) and were 
intracranially injected with PBS (10μL) containing EV71 
1×109 plaque-forming units (PFU)/mL) using gastight 
microsyringe (50μL, Hamilton, USA). After EV71 
infection, mice’s clinical score and weight were registered 
each day till one-week after treatment. The whole spine of 
the mice was discarded to obtain CSF. The CSF (10μL) was 
aspirated by micro syringe and thinned in PBS (1mL). The 
IL-6 protein expression was analyzed by ELISA assays (4A 
Biotech Co. Ltd; Beijing, China). The EV71 RNA copies 
were measured by qPCR assays. The cleaved caspase-3 
(cl-caspase-3) was analyzed by fluorescence staining in 
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the cerebral cerebellum. The levels of neurofilaments were 
determined by fluorescence staining in the cortex of the mice. 
The levels of EV71 dsRNA were analyzed by IHC staining 
in the cerebral cortex of the mice. The neurodegeneration of 
the cerebral cortex in the mice was analyzed by Hematoxylin 
and Eosin (HE) staining in the mice. The Animal Ethics 
Committee authorized animal care and method procedure. 
The animal study was reviewed and approved by Hospital of 
Heilongjiang University of Traditional Chinese Medicine.

2.3 EV71 Infection
The EV71 virus (Xiangyang-Hubei-09) was obtained 

in a one-year-old dead infant’s brain tissue infected with 
EV71 and previously isolated (GenBank accession no. 
JN230523.1). Propagated EV71 in RD cells. EV71 titration 
and inoculation were conducted as previously reported[24,25]. 
Aliquots were deposited at -80℃ before further analysis. 
The EV71 at indicated multiplicities of infection (MOIs) was 
used to infect U251 cells, after which the cells were cultured 
at 37℃ for an additional 24h or 48h.

2.4 Terminal Deoxynucleotidyl Transferase Dutp Nick 
End Labeling (TUNEL) 

The TUNEL detection kit (Roche, Germany) was used 
to analyze apoptosis in the mice according to the product’s 
guidance. After the staining of TUNEL, the ventricular 
samples were dyed by DAPI (Sigma, USA) to stain nuclear. 
Fluorescence was observed using a confocal microscope 
(Olympus Fluoview1000, Tokyo, Japan).

2.5 Cell Culture and Treatment
The astroglioma U251 cells was obtained from American 

Type Tissue Culture Collection. The cells were cultured in 
the medium of DMEM (Gibco, USA) containing 0.1mg/ml 
streptomycin (Gibco, USA), 100units/ml penicillin (Gibco, 
USA), and 10% fetal bovine serum (Gibco, USA), at a 
condition of 37℃ with 5% CO2. The cells were treated with 
apelin-13 (10-9 mol/L, Santa Cruz, USA). 

2.6 MTT Assays 
MTT assays measured the cell viability of U251 cells. 

Briefly, about 1×104 U251 cells were put into 96 wells and 
cultured for 12h. After treatment, the cells were added with a 
10μL MTT solution (5mg/mL) (Sigma, USA) and cultured 
for an extra 4h. Discarded medium, and 150μL/well DMSO 
(Thermo, USA) was used to treat the wells. An ELISA 
browser was applied to analyze the absorbance at 570nm 
(Bio-Tek EL 800, USA).

2.7 Lactate Dehydrogenase (LDH) Release Assays 
Cell injury was analzyed by estimating the LDH utilizing 

an LDH detection kit (Dojindo, Japan) according to the 
manufacturer’s instructions. Shortly, the mediums were 
collected from 24-well plates and centrifuged (5000rpm, 
10min). Then, the supernatants were incubated with 
the provided reaction mixture, and LDH activities were 

measured at 450nm absorbance.

2.8 Quantitative Reverse Transcription-PCR (qRT-PCR)
The total RNAs were extracted by TRIZOL (Invitrogen, 

USA) from the tissues and cells. The first-strand cDNA 
was synthesized using Stand cDNA Synthesis Kit (Thermo, 
USA) as the manufacturer’s instruction. The qRT-PCR was 
carried out by applying SYBR RT-PCR kit (Roche, USA). 
The standard control for mRNA was GAPDH. Quantitative 
determination of the RNA levels was conducted by SYBR 
GreenPremix Ex TaqTM II Kit (TaKaRa, Japan). The 
experiments were independently repeated at least three times. 
The primer sequences are as follows: 
Mouse TLR7 forward: 5′-GTTCTATGGAGAGCCGGT 
GATA-3′
Mouse TLR7 reverse: 5′-ATTCTTTAGATTTGGCGG 
CATA-3′
Mouse IL-6 forward:5′-AGACAAAGCCAGAGTCCTT 
CAGAGA-3′
Mouse IL-6 reverse: 5′-GCCACTCCTTCTGTGACTC 
CAGC-3′
Mouse IL-1β forward: 5′-AGCTTCAGGCAGGCAG 
TATC-3′
Mouse IL-1β reverse: 5′-CGTCACACACCAGCAG 
GTTA-3′
Mouse Cxcl-1 forward: 5′-CTTGAAGGTGTTGCCC 
TCAG-3′
Mouse Cxcl-1reverse: 5′-TGGGGACACCTTTTAG 
CATC-3′
Mouse TNFα forward: 5′-ACGTGGAACTGGCAGA 
AGAG-3′
Mouse TNFα reverse: 5′-CTCCTCCACTTGGTGG 
TTTG-3′
Mouse GAPDH forward: 5′-ATGTTTGTGATGGGTG 
TGAA-3′
Mouse GAPDH reverse: 5′-ATGCCAAAGTTGTCAT 
GGAT-3′
Mouse Caspase3 forward: 5′-TGGTGATGAAGGGGT 
CATTTATG-3′
Mouse Caspase3 reverse: 5′-TTCGGCTTTCCAGTCAG 
ACTC-3′
EV71 VP1 forward: 5′-GAGTTCCATAGGTGACA 
GC-3′
EV71 VP1 reverse: 5′-CTGTGCGAATTAAGGAC 
AG-3′
Human TLR7 forward: 5′-TTTACCTGGATGGAAACC 
AGCTA-3′
Human TLR7 reverse: 5′-TCAAGGCCTGAGAAGCT 
GTAAGCTA-3′
Human IL-6 forward: 5′-GTACATCCTCGACGGCAT 
CTCA-3′
Human IL-6 reverse: 5′-GCACAGCTCTGGCTTGTT 
CCTC-3′
GAPDH forward: 5′-AGAAGGCTGGGGCTCA 
TTTG-3′.
GAPDH reverse: 5′-AGGGGCCATCCACAGTCTTC-3′
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2.9 Western Blot Analysis
Total proteins were extracted from the rats and cells 

with RIPA buffer (CST, USA). Protein concentrations were 
measured by using the BCA Protein Quantification Kit 
(Abbkine, USA). Same concentration of protein was divided 
by SDS-PAGE (12% polyacrylamide gels), transferred 
to PVDF membranes (Millipore, USA) in the subsequent 
step. The membranes were hindered with 5% milk and 
hatched overnight at 4°C with the primary antibodies for 
PARP (Abcam, USA), caspase-3 (Abcam, USA), VP1 
(Abcam, USA), and β-actin (Abcam, USA), in which 
β-actin served as the control. Then, the corresponding second 
antibodies (1:1000) (Abcam, UK) were used for hatching 
the membranes 1h at room temperature, followed by the 
visualization by using an Odyssey CLx Infrared Imaging 
System. The results of Western blot analysis were quantified 
by ImageJ software.

2.10 Statistical Analysis
Data were presented as mean ± SD, and the statistical 

analysis was performed by GraphPad prism 7. The unpaired 
Student’s t-test was applied for comparing two groups, and 
the one-way ANOVA was applied for comparing among 
multiple groups. P<0.05 were considered as statistically 
significant.

3 RESULTS
3.1 The Characterization of Liposome Encapsulating 
Apelin-13 (lipoPEG-A13)

The lipoPEG-A13 was constructed and characterized. 
The PEG liposomes topography maps were generated by 
the AFM. Our data showed that the dynamic light scattering 
(DLS) was applied to analyze the size distribution of the 
empty PEG-liposomes and PEG-liposomes encapsulated 
with apelin-13, in the presence or absence of 0.5% BSA 
(Figure 1A). The average size of the empty PEG-liposomes 
was about 0.56±0.02 (SD) mm. In the presence of 0.5% 
BSA, there was nearly no difference in size (0.53±0.02 
(SD) mm) for empty PEG-liposome particles. But 
lipoPEG-A13 showed a remarkable decrease in particle size 
to 0.05±0.00mm. The presence of 0.5% BSA in the particles 
of lipoPEG-A13 improved their size to 0.24±0.02 (SD) mm. 
LipoPEG-A13 demonstrated maintained and prolonged drug 
release when monitored over a 24h period at different time 
intervals and physiological conditions in vitro (Figure 1B and 
1C).

3.2 The Neuropathogenesis Assessment in Intracranially 
Ev71-Infected Mice 

Then, to assess whether EV71 infection caused neuro 
disorder in the brain of mice, the mice were intracranially 
injected with PBS or EV71. Our data showed the apoptosis 
of neural cells in the mice. We observed lower levels of 
dsRNA and cl-Caspase-3 in the cerebellum compared to 
the cerebral cortex of EV71-infected mice on day one post-
infection (Figure 2A and 2B). Together these data suggest 

that EV71 could remarkably replicate and induce apoptosis 
in the cerebral cortex of EV71-infected mice.

3.3 LipoPEG-A13 Inhibits EV71-induced Neural 
Pathogenesis in the Murine Cerebral Cortex

Next, we analyzed the role of lipoPEG-A13 in the EV71 
infection and replication. Notably, IHC staining showed 
that lipoPEG-A13 was not able to affect the levels of EV71 
dsRNA in the cerebral cortex of the mice (Figure 3A), 
suggesting that lipoPEG-A13 cannot affect EV71 infection 
and replication. Then, the effect of lipoPEG-A13 on the 
EV71 infection-induced neuropathogenesis in the mice. 
Significantly, the mice treated with lipoPEG-A13 presented 
a higher body weight, lower clinical scores, and higher 
survival rates (Figure 3B-3D). Together these data indicate 
that lipoPEG-A13 is able to inhibit EV71-induced neural 
pathogenesis. 

3.4 LipoPEG-A13 Attenuates EV71-induced Neural Cell 
Apoptosis in the Brain

Given that the EV71 infection-induced neuro disorder is 
commonly correlated with neural cell apoptosis, we tried to 
assess the function of lipoPEG-A13 in modulating EV71 
infection-induced neural cell apoptosis. It has been reported 
that the neuroinflammation response plays a crucial role in 
the modulation of neural injury[26]. Western blotting further 
confirmed that the treatment of lipoPEG-A13 reduced 
cleaved-caspase-3 in the cerebral cortex of the mice (Figure 
4A and 4B). Moreover, the TUNEL positive cells were 
decreased by lipoPEG-A13 treatment in the mice (Figure 
4C). Together these data suggest that lipoPEG-A13 attenuates 
EV71-induced neural cell apoptosis in vivo.

3.5 Apelin-13 Inhibits TLR7 and IL-6 Production in Vivo 
and in Vitro

Next, we further investigated the underlying mechanism 
of lipoPEG-A13-regulated neural pathogenesis induced by 
the EV71 infection. Given that TLR7 and IL-6 are involved 
in the EV71 infection-induced neurodegeneration, we tried to 
explore whether lipoPEG-A13 exerted its neural protection 
effect by modulating TLR7 and IL-6. Significantly, the 
expression of TLR7 and IL-6 was reduced by the treatment 
of lipoPEG-A13 (Figure 5A and 5B). Meanwhile, the 
treatment of apelin-13 was able to decrease the expression of 
TLR7, IL-6, and IL-8, but not TNF-α, in the EV71-infected 
human astroglioma U251 cells (Figure 6A-6E). Together 
these data suggest that apelin-13 can inhibit the production of 
TLR7 and IL-6 in vivo and in vitro. 

3.6 Apelin-13 Attenuates Astrocytic Cell Apoptosis upon 
EV71 Infection in U251 Cells

Then, we evaluated the effect of apelin-13 on the EV71 
infection-related astrocytic cell injury in vitro. MTT assays 
showed that the treatment of apelin-13 enhanced cell 
viability in the EV71-infected human astroglioma U251 
cells (Figure 7A). The LDH release was reduced by the 
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Figure 1. The characterization of liposome encapsulating apelin-13. A: The size distribution of the PEG liposome particles 
and the particles of PEG liposome-apelin-13 was analyzed by DLS; B and C: The drug release was performed by time course 
analysis. 

Figure 2. The neuropathogenesis assessment in intracranially EV71-infected mice. A and B: The expression of cl-caspase-3 
was analyzed by fluorescence staining in the cerebral cerebellum of mice. The relative expression of cl-caspase-3 and dsRNA 
was quantified using Image J software. Data are presented as mean ± SD. 

treatment of apelin-13 in the cells (Figure 7B), indicating 
that apelin-13 can attenuate EV71 infection-induced 
cell injury. Moreover, the treatment of apelin-13 could 
reduce the EV71 infection-promoted expression of cl-
caspase-3 and cleaved PARP (cl-PARP) in the cells (Figure 
7C), suggesting that apelin-13 attenuates EV71-infected 
astrocytic cell apoptosis. 

4 DISCUSSION
As a neuropeptide, several roles of apelin-13 in the 

modulation of PD development have been reported. The 
previous study has identified that apelin-13 plays a critical 
function in the neuronal protection and modulation of 
the central neuronal system. It has been identified that 
apelin-13 relieves ER stress-regulated neural apoptosis 
by stimulating Gα i/Gα q-CK2 axis[27]. Apelin-13 reduces 
initial brain damage of subarachnoid hemorrhage by 

repressing neural apoptosis through the GLP-1R/PI3K/
Akt pathway[28]. Apelin-13 inhibits neuroinflammation 
upon cognitive deficiency by activating the brain-derived 
neurotropic factors (BDNF)/TrkB signaling[29]. Apelin-13 
preserves the neurovascular system upon ischemic damage 
by affecting vascular endothelial growth factors[30]. Apelin 
guards upon NMDA-produced retinal neural loss through 
the APJ receptor by stimulating ERK1/2 and Akt and 
containing TNF-α production in vivo[31]. Meanwhile, 
the Nano delivery system has been applied to neuronal 
protection. For example, it has been identified that Nano-
liposome-lycopene decreases ischemic brain injury by 
modulating iron metabolism in rodents[32]. Nano sterically 
steadied liposomes for the treatment of neurodegenerative 
inflammation disorders have been reported[33]. Targeted 
BDNF transmission using magnetic Nanocarriers across 
the blood-brain barrier for neuroprotection have been 
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Figure 3. LipoPEG-A13 inhibits EV71-induced neural pathogenesis in the murine cerebral cortex. A: The levels of EV71 
dsRNA in the cerebral cortex of the mice were analyzed by IHC staining; B to D: The body weight, clinical scores, and survival 
rates were assessed in the mice. Data are presented as mean ± SD. Statistic significant differences were indicated: **P<0.01; ns, 
no significance.

Figure 4. LipoPEG-A13 attenuates EV71-induced neural cell apoptosis in the brain. A and B: The expression of caspase-3, 
cl-caspase-3, and β-actin was measured by Western blot analysis in the mice; C: The apoptosis was analyzed by TUNEL analysis 
in the mice. Data are presented as mean ± SD. Statistic significant differences were indicated: **P<0.01.

identified[34]. In this study, the liposome encapsulating 
lipoPEG-A13 was successfully constructed and charac- 
terized, conjugated with PEG polymer on their surface. 
lipoPEG-PA13 was able to inhibit EV71-produced 
neural injury in the murine cerebral cortex. Meanwhile, 
lipoPEG-A13 could attenuate EV71-induced apoptosis 
of neural cells from the brain. These data innovatively 
development the Nano-liposomal encapsulation-delivered 
system of apelin-13 in the inhibition of V71 infection-
induced neurodegeneration, providing valuable evidence 
of the application of Nano-liposomal delivery system and 

apelin-13 in neuronal protection. Interestingly, we showed the 
expression of c-caspase and ds RNA upon viral insult in the 
cortex and cells expressing these markers appear very small, 
in which the cell types should be explored and identified in 
future investigations.

Toll-like receptors (TLRs) are innate immune receptors 
and identify pathogen-related particles of specific immune 
cells[35]. Different TLRs are dispatched in microglial cells, 
astrocytes, and neurons, and TLRs are favorable to the 
immune response of the central nervous system (CNS)[36]. 

A B
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Figure 5. LipoPEG-A13 inhibits TLR7 and IL-6 production in vivo. A and B: The C57BL/6 WT mice were intracranially injected 
with EV71 and treated with lipoPEG-A13. The expression of TLR7 and IL-6 was measured by qPCR assays in the mice. Data are 
presented as mean ± SD. Statistic significant differences were indicated: **P<0.01.

Figure 6. Apelin-13 inhibits TLR7 and IL-6 production in vitro. A-E: The human astroglioma U251 cells were injected with 
EV71 and treated with apelin-13; A and B: The expression of TLR7 and IL-6 was measured by qPCR assays in the cells; C: The 
production of IL-6 in the culture medium was analyzed by ELISA assays in the cells; D and E: the expression of IL-8 and TNF-α 
was assessed by qPCR assays in the cells. Data are presented as mean ± SD. Statistic significant differences were indicated: 
*P<0.05; **P<0.01; ns, no significance.

Increasing evidence indicates that TLRs perform a crucial 
function in the brain’s homeostasis regulation[37]. TLR7 is 
generally expressed in neural, lung, intestinal, and immune 
cells, which are detected and responded to particular 
microRNAs, siRNAs, single-stranded oligoribonucleotides, 
and viral RNA, causing cytokine production and intra- 
cellular signaling activation[38]. In several sorts of non-
infected CNS damage, TLR7 works as a notable regula- 
tor of neuropathogenesis[39]. TLR7 is able to thus per- 
form extensive regulatory functions in a range of sign- 
aling regarding cell biology, innate immunity, and 
neurodegeneration[40]. Besides, it has been reported that IL-6 
is abnormally expressed in the EV71-infected mice and 
participates in the modulation of neurodegeneration[41,42]. 
EV71 infection causes neurodegeneration through the 
activation of TLR7 signaling and IL-6 expression[9]. 
Here, we identified that lipoPEG-A13 decreased TLR7 
and IL-6 production in the mice. Apelin-13 inhibited the 
expression of TLR7 and IL-6 in the U251 cells. These 
data demonstrate the unreported effect of Nano-liposomal 

encapsulation-delivered system of apelin-13 on the TLR7 
and IL-6 in the EV71 infection-induced neurodegeneration. 
There are still some limitations in the current study. For 
example, TLR7 and IL-6 are just one of the downstream 
factors under nano-liposomal encapsulation-delivered 
apelin-13-regulated neurodegeneration and other potential 
mechanisms should be explored in future investigations. 
Meanwhile, the clinical significance of nano-liposomal 
encapsulation-delivered apelin-13 should be confirmed in 
the future. 

5 CONCLUSION
In conclusion, we discovered that nano-liposomal 

encapsulation-delivered apelin-13 attenuated EV71 induced 
neurodegeneration by modulating IL-6 and TLR7. Our 
finding provides new insights into the mechanism by 
which Nano-liposomal encapsulation-delivered apelin-13 
modulates EV71 infection-induced neurological disorders. 
The Nano-liposomal encapsulation-delivered apelin-13 
presents the application potential in the clinical context.
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Figure 7. Apelin-13 attenuates astrocytic cell apoptosis upon EV71 infection in U251 cells. A-C: The human astroglioma 
U251 cells were injected with EV71 and treated with apelin-13; A: The cell viability was analyzed by MTT assays in the cells; B: 
The cell injury was measured by LDH analysis in the cells; C: The expression of caspase-3, cleaved-caspase-3, PARP, cleaved-
PARP, VP1, and β-actin was tested by Western blot analysis in the cells. Data are presented as mean ± SD. Statistic significant 
differences were indicated: *P<0.05; **P<0.01; ***P<0.001.
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Abbreviation List
AFM, Atomic force microscopy
cl-caspase-3, Cleaved caspase-3 
cl-PARP, Cleaved PARP
CNS, Central nervous system
EV71, Enterovirus 71
IL-6, Interleukin-6

LDH, Lactate dehydrogenase
lipoPEG-A13, Liposome encapsulating apelin-13
PFU, Plaque-forming units
TLR7, Toll-like receptor 7 
TLRs, Toll-like receptors
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