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Abstract   23 

Background and aim  Enterovirus 71(EV71) can cause severe hand, foot, and mouth disease 24 

(HFMD) with brain tissue involvement. Few effective anti-EV71 drugs are presently available in 25 

clinical practice. Interferon-α (IFN-α) was ineffective while Curcumin was effective in restricting 26 

EV71 replication in non-neuronal cells. Ubiquitin-proteasome-mediated degradation of 27 

interferon-alpha receptor 1 (IFNAR1) protein contributes to IFN-α resistance. Current study aimed 28 

to determine synergistic inhibition of EV71 by Curcumin and IFN-α in human neuroblastoma 29 

SH-SY5Y cells.  Methods  SH-SY5Y cells were infected with mock-/Curcumin-pre-incubated 30 

EV71 or transfected with plasmid containing interferon-stimulated response element (ISRE) or 31 

mRNA containing viral internal ribosomal entry site (IRES) following by post-treatment with 32 

Curcumin with or without IFN-α. Supernatant IFN-α/β was detected by ELISA. ISRE, IRSE, 33 

proteasome and deubiquitinating activity were measured by luciferase assay. EV71 RNA and viral 34 

protein or IFNAR1 were determined by qPCR and western blot, respectively.  Results EV71 35 

flailed to completely block IFN-α/β production but inhibited IFN-α signal. Curcumin only slightly 36 

inhibited EV71 proliferation without modulating virus attachment and internalization. However, 37 

Curcumin addition restored IFN-α-mediated ISRE activity thus significantly inhibiting EV71 38 

replication. Furthermore, EV71 also reduced IFNAR1 protein with proteasome-dependence in 39 

SH-SY5Y cells, which can be reversed by Curcumin addition with the evidence that it lowered 40 

proteasome activity.  Conclusion These data demonstrate that Curcumin assists anti-EV71 41 

activity of IFN-α by inhibiting IFNAR1 reduction via ubiquitin-proteasome disruption in 42 

SH-SY5Y cells  43 

 44 
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Introduction 45 

Enterovirus 71(EV71), one member of genus Enterovirus in the family Picornaviridae, is the 46 

major causative pathogen of severe hand, foot, and mouth disease (HFMD) characterized by 47 

brainstem encephalitis, acute flaccid paralysis, neurological pulmonary edema, cardiopulmonary 48 

dysfunction, and even death. Structurally, the icosahedral virus particle harbors a single-stranded 49 

and positive-sense RNA genome with two open reading frames flanked by a 3′-untranslated region 50 

(UTR) with a poly (A) tail and a highly structured 5′- UTR [1]. The genome encodes seven 51 

non-structural proteins (2A–2C and 3A–3D) and four structural viral proteins (VP1–VP4) by viral 52 

5′UTR contained internal ribosomal entry site (IRES)-driven translation [2]. 53 

To date, no established antiviral treatments are applied for severe HFMD because its 54 

pathogenicity remains to be further understood. To evade the host’s antiviral innate immunity in 55 

the process of virus-host interaction, EV71 has evolved a moiety of strategies and inhibition of 56 

type I interferon (IFN-I) response by viral protease 2A and 3C is mainly involved [3]. IFN-I 57 

response refers to IFN-I production and IFN-I signaling. In IFN-I signaling, IFN-α or β activates 58 

interferon-stimulated response element (ISRE) activity by attaching to interferon alpha receptor 59 

(IFNAR) complex on cell surface. We and other teams previously proved that EV71 captures to 60 

achieve an antagonistic effect on IFN-I by reducing IFNAR1 protein in a caspase-3- or 61 

ubiquitin-proteasome-dependent manner [4, 5].  62 

Exploration of inhibitors that reverse EV71-mediated IFN-I antagonism promises the 63 

development of new antiviral strategies. Curcumin, the primary Curcuminoid derived from the 64 

rhizome of Curcuma longa plant, showed anti-viral activity in vitro or in vivo at various stages of 65 

lifecycle of virus propagation [6]. Previous research has demonstrated that Curcumin can inhibit 66 
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EV71 replication in non-human Vero cells, human intestinal epithelial HT29cells and 67 

rhabdomyosarcoma (RD) cells via different mechanisms [7-10]. However, it remains largely 68 

unknown whether Curcumin disrupts EV71 propagation in human neural cells as the neurotropism 69 

of EV71. In the present study, we found that EV71 proliferation in SH-SY5Y cells was only 70 

slightly inhibited by Curcumin at a safe dose, however, Curcumin significantly assisted anti-EV71 71 

activity of IFN-α via IFNAR1 restoration by disrupting 20S proteasome activities.  72 

Material and methods 73 

Cell Culture and Virus Preparation 74 

Human RD cells and human neuroblastoma SH-SY5Y cells were maintained in Dulbecco’s 75 

modified Eagle’s medium (DMEM, Gibco) containing 10% fetal bovine serum (FBS, Hyclone) 76 

with 100 U/mL penicillin and 100 μg/mL streptomycin. Neurotropic strain EV71 77 

(Xiangyang-Hubei-09, GenBank accession no. JN230523.1) was propagated and titrated in RD 78 

cells and stored at - 80°C until use. 79 

Cell Infection and Stimulation 80 

SH-SY5Y cells were infected with EV71 at the multiplicity of infection (MOI) of 5. 81 

Observation of cell morphology was performed with microscope. Different concentrations of 82 

double-stranded alternating copolymer Poly(dAT:dAT)( #P0883, Sigma-Aldrich), Curcumin 83 

(#S1848, Selleck) and human IFN-α (#ab73124, Abcam) were used at the time points indicated in 84 

the figure legends. Cytotoxicity of Curcumin with and without IFN-α was measured by the MTT 85 

assay according to related manufacturer’s instructions and what described previously [11], each 86 

treatment replicates three times. The protein level of IFN in cell supernatants was detected with 87 

human IFN-α ELISA kit (#EHC144a, neobioscience) and human IFN-β ELISA kit (# EHC026b, 88 

https://www.sigmaaldrich.cn/CN/zh/product/sigma/p0883?context=product


5 

 

neobioscience) following manufacturer’s instructions and all the plates were read by the I Mark™ 89 

Micro plate Reader (BIO-RAD).  90 

Plasmid, transfection and luciferase assay 91 

The construction of bi-cistronic reporter plasmid containing Cap-Rluc-vIRES-Fluc and its 92 

transcription in vitro were done as previously described [12]. Reporter plasmids pGM-ISRE-RLuc 93 

and pGM-Fluc were purchased from Yeasen Co., Ltd. Transfection experiments were performed 94 

using Lipofectamine
2000

 reagent (Life Technologies) according to the manufacturer’s instruction. 95 

As indicated in figure legends, cells seeded in 96-well plates were transfected with the bi-reporter 96 

mRNAs (100 ng/well) followed by Curcumin treatment to monitor the effect of Curcumin on the 97 

IRES-dependent translation efficiency, cells seeded in 96-well plates were co-transfected with 98 

plasmids pGM-ISRE-RLuc (100ng/well) and pGM-Fluc (20ng/well) followed by IFN-α with or 99 

without Curcumin treatment to monitor ISRE activity. Cells were then lysed for luciferase assay 100 

using the Luciferase Assay System Kit (Promega) according to manufacturer’s instructions. Each 101 

luciferase reporter assay was carried out at least three times. In addition, 20S proteasome activity 102 

and deubiquitinating enzyme activity were measured as Si et al and Qin et al reported [8,13]. 103 

Virus attachment and internalization 104 

5 MOI of EV71 were pre-incubated with Curcumin at 37°C for 2 hours, then the virus were 105 

used to infect cells with binding buffer on ice. 1 hour later, the cells were washed (attachment   106 

assessment) or/and cultured at 37°C for another 1 hour and then treated with trypsin  107 

(internalization assessment). Viral RNA was extracted by commercial kit and EV71 RNA was 108 

determined by qPCR performed as previously described [14]. 109 

Western blot and antibodies   110 
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The SH-SY5Y whole-cell lysates were prepared by lysing with RIPA buffer and western 111 

blot was performed as previously described [4,15]. Anti-EV71 VP1 (#PAB7631-D01P) and anti- 112 

IFNAR1 (ab45172) were obtained from Abnova and Abcam, respectively. Anti-β-actin 113 

(#BE0021-1000), anti-rabbit (#BE0103-100) and anti-mouse (# BE0108-100) secondary antibody 114 

conjugated with horseradish peroxidase were purchased from EASYBIO. Specific bands were 115 

visualized with enhanced chemiluminescent substrate (ECL) and density of visualized bands was 116 

conducted using Quantity One software. Each immunoblot assay was carried out at least three 117 

times and one of them was presented. 118 

Statistical analyses   119 

Data were compiled in excel and analyzed using GraphPad Prism software (GraphPad 120 

Software Inc., La Jolla, CA), the results were expressed as the mean ± standard deviation (SD) 121 

obtained from the experiments repeated at least three times. A P value＜0.05 level was accepted as 122 

the cutoff for statistical significance.     123 

Results 124 

1 EV71 blocks IFN-α signal in SH-SY5Y cells 125 

To determine whether neurotropic strain EV71 infection could induce IFN-I production in 126 

neuroblastoma SH-SY5Y cells, the cells were infected with EV71 at an MOI of 5 for 2 and 12 127 

hours. ELISA analysis revealed that virus caused moderate increase of supernatant IFN-α and 128 

IFN-β at hour 2 and 12 after infection (Fig.1 a&b). In contrast to that, IFN-α and IFN-β were 129 

remarkably increased in time-dependent manner in the cells treated with Poly(dAT:dAT), the 130 

ligand of retinoic acid inducible gene I(RIG-I). To further examine the effect of EV71 on IFN-I 131 

signal, ISRE activity and IFNAR1 protein levels in mock- or EV71-infected SH-SY5Y cells with 132 
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IFN-α (250 or 1000IU/mL) post-treatment were assessed. Our luciferase assay showed that the 133 

IFN-α-primed ISRE activities were significantly suppressed by EV71 infection and western blot 134 

demonstrated that IFN-α treatment increased IFNAR1 protein in mock-infected SH-SY5Y cells, 135 

which was absent in EV71-infected SH-SY5Y cells (Fig.1 c&d). These data confirm the pivotal 136 

contribution role of IFNAR1 protein reduction and subsequent ISRE inhibition in EV71-mediated 137 

IFN-α unresponsiveness in SH-SY5Y cells. 138 

 139 

Fig.1 EV71 blocks IFN-α signal in SH-SY5Y cells.  SH-SY5Y cells were seeded in 140 

6-plates and infected with neurotropic strain EV71 (Xiangyang-Hubei-09, GenBank accession no. 141 

JN230523.1) at an MOI of 5 or treated with 2 μg/well Poly(dAT:dAT). 2 hours and 12 hours later, 142 

cellular supernatants were used to determined protein levels of supernatant IFN-α (a) and IFN-β (b) 143 

by ELISA following manufacturer’s instructions. (c)SH-SY5Y cells were firstly co-transfected 144 

with p-ISRE-FLuc (100 ng/well, 96-well plate) and p-RLuc (20 ng/well, 96-well plate) for 24 h, 145 

then the cells were infected with mock or EV71 for 10 hours. After that, the cells were treated with 146 

250 or 1000 IU/mL IFN-α for another 2 hours. Intensity of FLuc and RLuc were measured as 147 

Materials and Methods described and Fluc/Rluc indicates ISRE activity. (d)SH-SY5Y cells seeded 148 

in 6-plates were treated in parallel as shown in Fig.1c, total cellular protein were extracted and 149 
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used for the detection of IFNAR1,VP1 or β-actin protein by western blot, β-actin were used as 150 

loading control. All results indicate the mean ± SD of three independent experiments. Statistical 151 

analysis was performed using Student’s t-test, *P＜0.05, ** P＜0.01, *** P＜0.001, n.s. P＞0.05. 152 

EV, EV71; P(dAT), Poly(dAT:dAT); F, IFN-α. 153 

 154 

2 Curcumin slightly inhibits EV71 proliferation 155 

Curcumin was reported to inhibit EV71 in non-neural cells via multiple pathways, however, the 156 

effect of Curcumin on EV71 life-cycle and IFN-α signal in neural cells remains unknown. Herein, 157 

cytotoxicity of Curcumin to SH-SY5Y cells was firstly determined and results found that Curcumin 158 

at less than 25μM was not toxic to the cells (Fig. 2a). By analysis with RT-qPCR, comparable 159 

levels of EV71 RNA on cell surface and that entering the cell were detected in 5 or 20 μM 160 

Curcumin co-incubation group in comparison with mock co-incubation group (Fig. 2b). 161 

Furthermore, 5 or 20 μM Curcumin also failed to suppress EV71- or mock-stimulated IRES 162 

activity (Fig. 2c). However, as Fig. 2d showed, intracellular viral titer was slightly decreased by 163 

post-treatment with 20 μM Curcumin (P＜0.05). These results imply that Curcumin post-treatment 164 

could slightly inhibit EV71 proliferation in SH-SY5Y cells.   165 

 166 

Fig. 2 Curcumin slightly inhibits EV71 proliferation. SH-SY5Y cells were treated with 167 

3.125 to 50 μM Curcumin for 0 to 36 hours followed by cell viability assessment using MTT (a). 5 168 
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MOI of EV71 were pre-incubated with 5 μM or 20 μM Curcumin at 37°C for 2 hours, then the 169 

virus were used to infect SH-SY5Y cells with binding buffer on ice. 1 hour later, the cells were 170 

washed (attachment assessment) or/and cultured at 37°C for another 1 hour and then treated with 171 

trypsin (internalization assessment). Viral RNA was extracted by commercial kit and EV71 RNA 172 

was determined by RT-qPCR (b). SH-SY5Y cells were pre-transfected with Cap-Rluc-vIRES-Fluc 173 

mRNA (100 ng/well, 96-well plate). 4 hours later, the cells were infected with mock or EV71 for 2 174 

hours and then the cells were treated with 5 or 20 μM Curcumin for 10 hours. Intensity of FLuc and 175 

RLuc were measured as Materials and Methods described and Fluc/Rluc indicates IRES activity 176 

(c). Progeny viruses in supernatant from Fig.1c were titrated using RD cells and the results 177 

presented as log10 TCID50/mL (d). All the results indicate the mean ± SD of three independent 178 

experiments. Statistical analysis was performed using Student’s t-test, *P＜0.05, ** P＜0.01, n.s. 179 

P＞0.05. EV, EV71; C, Curcumin. 180 

 181 

3 Combination of Curcumin and IFN-α significantly inhibits EV71 replication 182 

To assess the antiviral properties of Curcumin in combination with IFN-α and prospects in 183 

medicinal potential, we further tried to determine the effect of combination of Curcumin and 184 

IFN-α post-treatment on EV71 proliferation in vitro. Compared to virus-infected cells with 250 185 

IU/mL IFN-α challenge, co-administration of 20 μM Curcumin dramatically alleviated the 186 

occurrence of cytopathic effect (CPE) of SH-SY5Y cells induced by EV71 infection (Fig. 3a). 187 

Accordingly, in comparison with IFN-α mono-treatment, combination of IFN-α and 20 μM 188 

Curcumin significantly decreased intracellular viral titers (Fig. 3b). In parallel, 5 μM and 20 μM 189 

Curcumin could moderately and significantly restored IFN-α-induced ISRE activity in virus 190 

infected cells, respectively (Fig. 3c). Notably, no obvious cytotoxicity of 250 IU/mL IFN-α in 191 

combination with 5 μM or 20 μM Curcumin to SH-SY5Y cells was observed (Fig. 3d). 192 

Collectively, these results indicate Curcumin's assistance to anti-EV71 activity of IFN-α. 193 
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 194 

Fig. 3 Combination of Curcumin and IFN-α significantly inhibits EV71 replication. (a) 195 

SH-SY5Y cells were infected with EV71 at an MOI of 5. 2 h later, the cells were post-treated only 196 

with DMSO or IFN-α (250 IU/mL) or the combination of IFN-α with 5 or 20 μM Curcumin. At 12 197 

hours post infection, photomicrographs were taken (original magnification, 100X). (b) Progeny 198 

viruses in supernatant from Fig.3a were titrated using RD cells and the results presented as log10 199 

TCID50/mL. (c) SH-SY5Y cells were co-transfected with p-ISRE-FLuc (100 ng/well, 96-well 200 

plate) and p-RLuc (20 ng/well, 96-well plate) for 24 h, then the cells were treated in parallel as 201 

shown in Fig.3a, intensity of FLuc and RLuc was measured as Materials and Methods described 202 

and Fluc/Rluc indicates ISRE activity. (d) SH-SY5Y cells were treated with DMSO or IFN-α (250 203 

IU/mL) or the combination of IFN-α with 5 or 20 μM Curcumin for 12 hours followed by cell 204 

viability assessment using MTT. All the results indicate the mean ± SD of three independent 205 

experiments. Statistical analysis was performed using Student’s t-test, *P＜0.05, ** P＜0.01, *** 206 

P＜0.001, n.s. P＞0.05. EV, EV71;  D, DMSO;  F, IFN-α;  C, Curcumin. 207 

 208 

4 Curcumin inhibit IFNAR1 reduction by disrupting 20S proteasome activities  209 

We and other teams previously proved that many viruses could promote 210 
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ubiquitin-proteasome-mediated degradation of IFNAR1 protein in IFN-independent manner in 211 

non-neural cells. Here, in SH-SY5Y cells, Fig.4 a&b Lane 5 showed that IFNAR1 protein was restored 212 

by proteasome specific inhibitor MG132 and thus facilitated IFN-α-induced inhibition of VP1 213 

synthesis, which suggests that 20S proteasome is hijacked by EV71 during IFNAR1 reduction. 214 

Consistent with MG132 treatment group, 20 μM Curcumin displayed similar effect on protein levels of 215 

IFNAR1 and VP1 (Fig.4 a&b Lane 7), implying possible disruption in ubiquitin-proteasome activity 216 

upon Curcumin challenge. To test the hypothesis, we further measured the in vitro activity of 217 

proteasomes and deubiquitin enzymes in EV71-infected SH-SY5Y cells with IFN-α and/or Curcumin 218 

post-treatment. We observed that the activity of proteasomes was slightly increased by EV71 infection 219 

or IFN-α mono treatment(P＞0.05 for all variables) and significantly increased by EV71+IFN-α (P220 

＜0.05), while it was remarkably reduced by addition of 20 μM Curcumin (P＜0.01). On the other 221 

hand, IFN-α mono treatment, EV71 infection or the combination did not change deubiquitinating 222 

activity (P＞0.05 for all variables), and 20 μM Curcumin caused an moderate decrease but no 223 

significance was observed (Fig.4 c & d). The above data demonstrate that Curcumin-mediated 224 

IFNAR1 restoration is involved in its assistance to anti-EV71 activity of IFN-α via disrupting 225 

ubiquitin-proteasome activity. 226 
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 227 

Fig. 4 Curcumin inhibit IFNAR1 reduction by disrupting 20S proteasome activities. 228 

(a)SH-SY5Y cells were infected with EV71 at an MOI of 5. 2 h later, the cells were post-treated 229 

with IFN-α (250 IU/mL) without or with DMSO or MG132 (5 μM) or Curcumin (5 or 20 μM) as 230 

the figure outlined. 10 hours later, total cellular protein were extracted and used for the detection of 231 

IFNAR1,VP1 and β-actin (loading control) protein by western blot. (b) Densitometric analysis of 232 

the western blot results in Fig.4a was conducted using Quantity One software. IFNAR1 and VP1 233 

expression levels were normalized by β-actin expression level. SH-SY5Y cells were treated in 234 

parallel as shown in Fig.4a, cell lysates were prepared, proteasomes (c) and deubiquitinating (d) 235 

activities were measured using a fluorogenic substrate SLLVY-AMC and ubiquitin-AMC as 236 

described in Materials and Methods, respectively. All the results indicate the mean ± SD of three 237 

independent experiments. Statistical analysis was performed using Student’s t-test, *P＜0.05, ** P238 

＜0.01, *** P＜0.001, n.s. P＞0.05. EV, EV71; F, IFN-α; C, Curcumin. 239 

 240 

Discussion 241 

Clinically, IFN-I resistance and side effects caused by high-dose of IFN-I are culprits for 242 

limited application of IFN-I. Much works are done to identify a potential combinational strategy 243 

for promoting IFN-I application with fewer clinical side effects. Curcumin, with anti-cancer, 244 

antioxidant, anti-microbial and anti-viral properties, was reported having synergistic effect with 245 



13 

 

IFN-I in non-virus related disease. In patients with multiple sclerosis, Curcumin adds to efficacy 246 

of IFN-β on radiological signs of inflammation [16].Curcumin was proved to synergistically 247 

cooperate with IFN-β to inhibit migration and induce apoptosis of MCF-7 human breast cancer 248 

cells by up-regulation of genes associated with retinoid-IFN-induced mortality 19 (GRIM19) 249 

through signal transducer and activator of transcription (STAT) 3 -dependent and 250 

STAT3-independent pathways [17]. Lee et al found that activations of NF-kappa B and COX-2 251 

contribute to IFN-α resistance in human A549 non-small cell lung cancer cells, but that can be 252 

reversed by addition of Curcumin [18,19]. 253 

Replication of a wide-range of viruses can be inhibited by Curcumin. However, the antiviral 254 

potency of Curcumin against EV71 seems to appear at one or more stages and the effect of 255 

Curcumin mono-treatment on EV71 proliferation varies among studies depending on virus strain 256 

and model cells used. Different from what observed in enveloped viruses, pre-incubation of EV71 257 

with Curcumin failed to reduce viral infectivity to Vero cells by assessment of plaque formation 258 

[10]. Without modulating virus attachment or viral IRES activity, 10 μM Curcumin can 259 

significantly reduce Strain Tainan/4643 EV71 proliferation and increase host cell viability in 260 

HT29cells by inhibiting phosphorylation of protein kinase C delta [7]. Ubiquitin-proteasome 261 

system was proved to be hijacked favoring viral replication; Qin et al demonstrated that Strain 262 

BrCr EV71-mediated increased activity of proteasomes in Vero cells was inhibited by 20 and 263 

40μM Curcumin thus suppressing viral replication [8]. EV71-mediated cleavage of eukaryotic 264 

translation initiation factor 4GI (eIF4GI) was well established to inhibit host protein 265 

cap-dependent synthesis while encourage viral protein IRES-dependent translation. Lin et al. 266 

showed that Curcumin-derived carbon quantum dot (Cur-CQD) formulations with improved 267 
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solubility in water lowered Strain 4643/MP4 EV71 viral proteins translation by reducing eIF4GI 268 

cleavage in RD cells and in ICR mice [9]. In current study with neurotropic strain EV71 269 

(Xiangyang-Hubei-09) and neuronal SH-SY5Y cells used, pre-incubation of EV71 with 5 or 270 

20μM Curcumin didn’t alter virus attachment and internalization, Curcumin post-treatment caused 271 

no alteration in viral IRES activity while slightly inhibited intracellular viral titers. The 272 

inconsistent results may partly be owing to cell types, virus strain and the relatively lower dose 273 

used as only the dose less than 25 μM is non-toxic to SH-SY5Y cells when co-cultured for 24 274 

hours in vitro [20-22]. Our results that Curcumin slightly inhibited EV71 proliferation in neural 275 

cells indicating the limited application of Curcumin mono-treatment for curing EV71-induced 276 

severe HFMD. 277 

Attempts to suppress virus in vitro by combination treatment of Curcumin and IFN-α or β are 278 

lacking because much works have demonstrated significant inhibition of virus by Curcumin alone 279 

[6]. However, 20 μM Curcumin alone only slightly inhibited neurotropic strain EV71 proliferation 280 

in SH-SY5Y cells in our study, which prompted us to try to adopt combination therapy strategy to 281 

combat EV71 proliferation and explore possible mechanisms. Here, we showed that combination 282 

of 20 μM Curcumin and 250 IU/mL IFN-α could significantly inhibit EV71 replication with the 283 

evidence from CPE, intracellular viral titers and ISRE activity. Moreover, growth inhibition of 284 

SH-SY5Y cells was not caused by the combination of IFN-α and Curcumin at the indicated 285 

concentrations.  286 

Two issues are worthy of in-depth discussion in IFN-I-mediated host antiviral immunity, 287 

whether endogenous IFN-I is produced upon virus infection and whether IFN-I can effectively 288 

exert its antiviral effect. Partly consistent with what observed in RD cells and other neural cells[5, 289 
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23], we found that EV71 infection induced a moderate expression of IFN-I, indicating that IFN-I 290 

signal corruption may be the main strategy for EV71 to evade host antiviral immunity. The 291 

‘‘portal’’ molecule IFNAR1 protein directly binding to IFN-I bears the most importance among 292 

the IFN-I signal pathway. However, downregulation of IFNAR1 protein is usually observed in the 293 

condition of IFN-I-treated cells or virus-infected cells, thus compromising the antiviral activity of 294 

IFN-I in clinical practice. Lu et al and we previously presented the evidence that EV71 2A
pro

 295 

targets IFNAR1 for reduction in absence of IFN-α in RD cells and HEK293T cells. Here, we 296 

added the evidence that neurotropic strain EV71 also caused IFNAR1 reduction in SH-SY5Y cells 297 

dependent on host ubiquitin-protease activity, which is roughly consistent with action of 298 

IFN-I-mediated IFNAR1degradation. Ubiquitin-protease system is also vital for enteroviruses to 299 

escape the host's innate immune response [24-26].However, several studies imply that interference 300 

in ubiquitin-protease system contributes to Curcumin-mediated enterovirus inhibition [8,13]. Our 301 

current study further validated that Curcumin disrupted 20S proteasome activities in SH-SY5Y 302 

cells, thus inhibited EV71-mediated IFNAR1 reduction and assisted anti-EV71 activity of IFN-α.  303 

Several limitations may confine the conclusion of present study. For one thing, experiment in 304 

vivo determines the effect and safety of oral or injected Curcumin on EV71 in neural cells is 305 

lacking. For another, whether Curcumin-induced inhibition of EV71 also resulting from 306 

interference in ubiquitin-protease-mediated downstream signal protein of IFNAR1 remains 307 

unclear. In spite of this, our data still demonstrate that Curcumin facilitates anti-EV71 activity of 308 

IFN-α by restoring IFNAR1 protein via proteasome disruption in SH-SY5Y cells. 309 

 310 

 311 



16 

 

Conclusion 312 

In summary, this study at least demonstrates that Curcumin alone showed limited antiviral 313 

effect against EV71 replication in SH-SY5Y cells, however, it indeed assist anti-EV71 activity of 314 

IFN-α by inhibiting ubiquitin-proteasome -mediated reduction in IFNAR1 protein. 315 
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