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Abstract
Enterovirus A71 (EV-A71) is one of the etiological pathogens leading to hand, foot, and mouth disease (HFMD), which

can cause severe neurological complications. The neuropathogenesis of EV-A71 infection is not well understood. The

mislocalization and aggregation of TAR DNA-binding protein 43 (TDP-43) is the pathological hallmark of amyotrophic

lateral sclerosis (ALS). However, whether TDP-43 was impacted by EV-A71 infection is unknown. This study demon-

strated that TDP-43 was cleaved during EV-A71 infection. The cleavage of TDP-43 requires EV-A71 replication rather

than the activated caspases due to viral infection. TDP-43 is cleaved by viral protease 3C between the residues 331Q and

332S, while mutated TDP-43 (Q331A) was not cleaved. In addition, mutated 3C which lacks the protease activity failed to

induce TDP-43 cleavage. We also found that TDP-43 was translocated from the nucleus to the cytoplasm, and the

mislocalization of TDP-43 was induced by viral protease 2A rather than 3C. Taken together, we demonstrated that TDP-43

was cleaved by viral protease and translocated to the cytoplasm during EV-A71 infection, implicating the possible

involvement of TDP-43 in the pathogenesis of EV-A71infection.
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Introduction

Enterovirus A71 (EV-A71) is a globally important neu-

rotropic virus in the genus of Enterovirus of Picornaviridae

family (Lei et al. 2017; Wang C et al. 2017). EV-A71 is

one of the causative pathogens that leads to the epidemic of

hand, foot, and mouth disease (HFMD) commonly affect-

ing young children, especially in Asian-Pacific region

(Chang et al. 2016). From 2008 to 2013, there were about 9

million HFMD cases reported in China (Takahashi et al.

2016). Although typical EV-A71 infection is mild and self-

limiting, severe neurological complications, such as

brainstem encephalitis, aseptic meningitis, and acute flac-

cid paralysis can sometimes occur with severe consequence

(Caine et al. 2016; Chen et al. 2019; Ju et al. 2020; Lee

2016; Teoh et al. 2016). The neuropathogenesis of EV-A71

infection is not completely understood. It is believed that

the inflammatory response initiated by the cytokine storm

in the central nervous system plays an important role (Feng

et al. 2016; Huang et al. 2017; Zhao et al. 2017).

EV-A71 is a small, non-enveloped, single-stranded,

positive-sensed RNA virus with a genome of 7.4 kb (Lei

et al. 2017; Wang C et al. 2017). During viral replication,

the genome of EV-A71 encodes a primary polyprotein,

which is cleaved by the viral proteases 2A and 3C and

matures into viral structural and non-structural proteins (Li

B et al. 2017; Li J et al. 2017; Wang et al. 2013). The

proteases of enteroviruses cleave not only viral polypro-

teins, but also cellular proteins such as MAVS, MDA5, and

Gasdermin D (Feng et al. 2014; Lei et al. 2017; Wang et al.
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2013). These virus proteases have been demonstrated to

contribute to a large spectrum of disrupted cellular func-

tions during EV-A71 infection, including inhibited inter-

feron response, pyroptosis, suppressed endoplasmic

reticulum-associated degradation pathway, and promoted

ERK activity (Duan et al. 2017; Lei et al. 2017; Wang C

et al. 2017; Wang T et al. 2017).

TAR DNA-binding protein 43 (TDP-43) is a nuclear

RNA- and DNA-binding protein with multiple functions

involved in transcription, RNA processing, mRNA stabil-

ity, and translation (Gao et al. 2019; McCluskey et al.

2009; Tudor et al. 2010). The cytoplasmic mislocalization

and aggregation of TDP-43 in the motor neurons and the

surrounding cells is a key pathological hallmark of amy-

otrophic lateral sclerosis (ALS), a fatal neurodegenerative

disorder characterized by the progressive loss of motor

neurons, followed by muscle paralysis (Donde et al. 2020;

Riku et al. 2014). The cleavage and cytoplasmic aggrega-

tion of TDP-43 is the pathological hallmark of the abnor-

mal neurons of ALS, implicating the role of TDP-43 in the

pathogenesis of ALS (Berning and Walker 2019;

Shimonaka et al. 2016). Coxsackievirus B3 (CVB3), a

species of enterovirus which can also cause neurological

complications (Holmes et al. 2016), has been shown to

cleave TDP-43 and induce its cytoplasmic accumulation in

the stress granules (Fung et al. 2015). However, it is

unknown if EV-A71 infection could impact the integrity and

distribution of TDP-43. In this study, we found that TDP-43

was cleaved and mislocalized during EV-A71 infection.

Materials and Methods

Cell Culture and Virus

HeLa cells were gifts from Professor Fengmin Zhang

(Department of Microbiology, Harbin Medical University,

Harbin, China). SH-SY5Y cells were obtained from

American Type Culture Collection. Cells were cultured in

Dulbecco’s Modified Eagle Medium (DMEM, Thermo

Fisher, Shanghai, China) supplemented with 10% fetal

bovine serum (FBS, Bioindustry, Israel), penicillin (100

U/mL), and streptomycin (10 lg/mL). EV-A71 BrCr strain

was provided by the Center for Disease Control of Hei-

longjiang Province of China (Harbin, China). Virus was

propagated in HeLa cells. Virus titer was measured by

tissue culture infective dose (TCID50).

Construction of Plasmids

pEGFP-TDP-43 and pEGFP-TDP-43-mut, in which 331Q

was mutated to 331A, were purchased from Viewsolid

(Beijing, China). pEGFP-2A, pEGFP-3C, and pEGFP-3C-

mut were constructed based on pEGFP-C1 (Clonetech) as

described previously (Guo et al. 2014; Wu et al. 2014).

Transfection

HeLa cells were grown in 12-well plate for 24 h to reach

60% confluency. Transfection solution was prepared with

plasmids mixed with Lipofectamine 2000 (Thermo Fisher)

in serum-free DMEM. Cells were incubated with trans-

fection mixture for 4 h and then grown in the fresh medium

containing 10% FBS and antibiotics. Cells were harvested

at 24 h after transfection for further analysis. Each trans-

fection was performed in triplicate.

Quantitative Real-Time Polymerase Chain
Reaction

Total RNA was extracted by TRIzol reagent (Thermo

Fisher) according to the manufacturer’s protocol. 1 lg of

total RNA was reverse-transcribed using TransScript All-

in-One SuperMix (TransGen, Beijing, China) in a total of

20 lL reverse transcription system. For quantitative real-

time PCR (qRT-PCR), TransStart Top Green qPCR

SuperMix was used on a LightCycler (Roche). PCR reac-

tion was carried out for 35 cycles according to the cycling

conditions: denaturation at 94 �C for 5 s, annealing at

55 �C for 15 s, and extension at 72 �C for 1 min. The

relative RNA amount was measured with 2-CT threshold

cycle method and normalized to the amount of GAPDH.

Reactions were carried out in triplicate. Primers were

synthesized by Genewiz (Suzhou, China). Primer sequen-

ces are as listed: for EV-A71, forward primer 50-
CCCCTGAATGCGGCTAAT-30 and reverse primer 50-
CAATTGTCACCATAAGCAGCCA-30; for GAPDH, for-
ward primer 50-CTGGGCTACACTGAGCACC-30 and

reverse primer 50-AAGTGGTCGTTGAGGGCAATG-30.

Western Blot

Cells were harvested and proteins were extracted by RIPA

buffer (Biotopped, Beijing, China) containing 1% phenyl-

methanesulfonyl fluoride (PMSF) (Biotopped). Proteins

were quantified by Bradford assay, separated by 12%

polyacrylamide gel (SDS-PAGE), and then transferred

onto polyvinylidene difluoride (PVDF) membranes (Mil-

lipore, Kenilworth, NJ). The membrane was blocked with

0.1% Tween-20 in phosphate-buffered saline (PBS) con-

taining 5% bovine serum albumin (BSA) and then incu-

bated with primary antibodies at 4 �C overnight. The

membrane was washed three times with 0.1% Tween-20 in

PBS and incubated with anti-rabbit IgG for 2 h at room

temperature. Immunoblot was visualized with FluorChem

R system (ProteinSimple, Santa Clara, CA). The results
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were analyzed by Image J and quantified by Alpha View

3.4.0 (ProteinSimple). Rabbit anti-enterovirus 3D poly-

clonal antibody was prepared by the Department of

Microbiology of Harbin Medical University. Anti-GFP was

purchased from Santa Cruz (SC-9996). Antibody against

TDP-43 was purchased from Abcam (ab109535). Anti-

bodies against caspase-3 (19677-1-AP), GAPDH (10494-1-

AP), b-actin (66009-1-Ig), b-tubulin (10068-1-AP), and

secondary antibodies were purchased from Proteintech

(Wuhan, China).

Immunofluorescence Microscopy

HeLa cells cultured in the glass-bottom dish for 24 h. Cells

were washed with PBS three times, fixed with 4%

paraformaldehyde for 15 min and permeabilized with 1%

Triton-X 100 for 20 min at room temperature (RT). After

blocking with 1% BSA for 30 min at RT, cells were

incubated with anti-TDP-43 antibody diluted by 1:500 at

4 �C overnight and then incubated with fluorescence-con-

jugated anti-rabbit IgG (H ? L) antibodies (Proteintech) at

RT for 1 h. Cells were viewed by fluorescence microscope

(ECLIPSE Ni, Nikon, Japan) and CV1000 confocal system

(Yokogawa, Japan).

Statistical Analysis

All experiments were repeated three times. Data were

expressed as mean ± SD and analyzed by Student’s t test.

P\ 0.05 was defined as statistically significant.

Results

TDP-43 is Cleaved in EV-A71-Infected Cells

It has been reported that TDP-43 was cleaved and aggre-

gated in the cytoplasmic stress granules during the infec-

tion of CVB3 (Fung et al. 2015). Since both CVB3 and

EV-A71 belong to genus Enterovirus and share similar

features in viral structure and constituents, we postulated

that EV-A71 infection may also lead to the cleavage of

TDP-43. To this end, HeLa cells and SH-SY5Y were cul-

tured in 12-well plates to 60%–70% confluence and

infected with EV-A71 at 1 9 104 TCID50 for 24 h. As

shown in Fig. 1, a *35 kDa fragment of TDP-43 was

identified in both HeLa and SH-SY5Y cells infected with

EV-A71 (Fig. 1A, 1B), while the addition of aurintricar-

boxylic acid (Sigma-Aldrich), which has been demon-

strated to function as the inhibitor of the 3D RNA-

dependent RNA polymerase of EV-A71 (Hung et al. 2010),

abolished the cleavage of TDP-43 (Fig. 1A). Since the

cleavage and pathological aggregation of TDP-43 in

neurodegenerative diseases are largely attributed to the

activation of caspases (Rohn 2009; Zhang et al. 2007), the

impact of pan-caspase inhibitor on the cleavage of TDP-43

was studied. As shown in Fig. 1C, EV-A71 infection led to

the cleavage of TDP-43 in the presence or absence of pan-

caspase inhibitor Z-VAD-FMK (20 lmol/L, Beyotime,

China), indicating that the TDP-43 cleavage is not depen-

dent on the activated caspase during EV-A71 infection.

These results suggested that the cleavage of TDP-43 was

induced by EV-A71 replication.

TDP-43 is Cleaved by the 3C Protease of EV-A71

Enteroviral protease 2A and 3C are responsible for the

cleavage of the viral polyprotein translated from the viral

genome (Cai et al. 2013; Guo et al. 2014). These proteases

also capable of cleaving cellular proteins such as MAVS,

eIF4G, and AUF1 during viral infection (Feng et al. 2014;

Wong et al. 2013; Wu et al. 2014). To determine

whether viral proteases are responsible for the cleavage of

TDP-43, HeLa cells were transfected with pEGFP-2A or

pEGFP-3C. Control cells were transfected with pEGFP-C1,

which was constructed to express EGFP as described pre-

viously (Wu et al. 2014). As shown in Fig. 2, the cleaved

fragment (*35kDa) of TDP-43 was observed in the cells

expressing EGFP-3C or infected with EV-A71, while

cleaved TDP-43 was not observed in the cells overex-

pressing EGFP-2A (Fig. 2A), indicating that TDP-43 was

cleaved by viral protease 3C rather than 2A. We also found

that the cleaved TDP-43 was accumulating along with the

expression of 3C protease (Fig. 2B).

Mutated 3C Protease Does Not Cleaves TDP-43

To confirm that 3C is the viral protease that causes the

cleavage of TDP-43, HeLa cells were co-transfected with

either pEGFP-3C or pEGFP-3C-mut and pEGFP-TDP-43.

pEGFP-3C-mut was expressing a mutant 3C which lacks

the protease activity due to the mutation of 147 cysteine to

alanine (Fig. 3A). The cleaved EGFP-TDP-43 fusion pro-

tein (27 kDa ? 43 kDa = 70 kDa), designated as EGFP-

TDP-35 (27 kDa ? 35 kDa = 62 kDa), was identified in

the cells expressing EGFP-3C but not in the cells

expressing EGFP-3C-mut (Fig. 3B). These data show that

TDP-43 was cleaved by the protease 3C of EV-A71.

The Cleavage Site of TDP-43 is Close to Its
C-terminal

The potential cleavage site of the protease 3C in TDP-43

was analyzed (Fig. 4A). To confirm the cleavage site of

TDP-43, the construct expressing EGFP-TDP-43 or a

mutant TDP-43 (Q331A) was generated. Cells were
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transfected with either pEGFP-TDP-43 or pEGFP-TDP-43-

mut (Q331A) for 24 h and infected with EV-A71 for 24 h.

As shown Fig. 4B, EV-A71 infection induced the cleavage

of EGFP-TDP-43, designated as EGFP-TDP-35 (with a

molecular weight of 62 kDa), while EGFP-TDP-35 was not

observed in the cells expressing EGFP-TDP43-mut,

demonstrating that TDP-43 was cleaved between 331Q and

332S. Endogenous TDP-43 and its cleaved form (TDP-35)

were also observed in the cells expressing either wild type

or mutant TDP-43, further demonstrating that the cleavage

of TDP-43 was the result of EV-A71 infection.

We also noted that a fragment of TDP-43 with a size

smaller than TDP-35 appeared in the cells transfected with

pEGFP-TDP-43 and then infected with EV-A71 (Fig. 4B,

left lane). The occurrence of this fragment, which is

Fig. 1 TDP-43 is cleaved in the

cells infected with EV-A71. A–
B HeLa cells and SH-SY5Y

were cultured in 12-well plates

to 60%–70% confluence and

infected with EV-A71 at

1 9 104 TCID50 for 24 h. TDP-

43 proteins were analyzed by

Western blotting. HeLa cells

were cultured in 12-well plates

and infected or mock-infected

EV-A71 for 24 h in the medium

containing 10 lmol/L ATA

(aurintricarboxylic acid, 3D

inhibitor), the inhibitor of 3D

polymerase of enteroviruses (A)
or 20 lmol/L pan-caspase

inhibitor Z-VAD-FMK (C).
Cell lysates were subjected to

Western blot analysis.

Fig. 2 TDP-43 is cleaved by the 3C protease of EV-A71. A HeLa

cells were cultured in 12-well plates to 60% confluency and infected

with EV-A71 or transfected with pEGFP-2A or pEGFP-3C for 24 h.

Control cells were treated with PBS. Cell lysates were subjected to

Western blot analysis. B Cells were transfected with pEGFP-3C for

various times. Control cells were transfected with pEGFP-C1. Cell

lysates were analyzed by Western blotting.

Fig. 3 TDP-43 is not cleaved by the mutated 3C protease. A The

construct expressing the fusion protein of EGFP with a mutated 3C

(designated as pEGFP-3C-mut), which lacks the protease activity,

was generated. B Cells were co-transfected with either pEGFP-TDP-

43 and pEGFP-3C or pEGFP-TDP-43 and pEGFP-3C-mut for 24 h.

Cell lysates were analyzed by Western blotting in which anti-EGFP

antibody was used.
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obviously originated from the endogenous TDP-43, indi-

cates that it is very likely that there is another cleavage site

in TDP-43 except that between 331Q and 332S. However,

this extra TDP-43 fragment (smaller than TDP-35) was not

observed in the cells transfected with pEGFP-TDP-43-mut

followed by the infection of EV-A71 (Fig. 4B, right lane),

suggesting that virus-induced TDP-43 cleavage at this site

may not as efficient as that between 331Q and 332S.

The cleavage of TDP-43 in EV-A71-infected cells was

also evaluated by Western blotting with anti-EGFP anti-

body (Fig. 4C). EFGP-TDP-35 was identified in the cells

expressing EGFP-TDP-43, but not in the cells expressing

EGFP-TDP-43-mut or control cells, which were trans-

fected with pcDNA3.1 (Fig. 4C). Collectively, these results

demonstrated that TDP-43 was cleaved between 331Q and

332S, which is close to its C-terminal.

The Cytoplasmic Translocation of TDP-43 is Not
the Result of Its Cleavage

Study has shown that TDP-43 was translocated into the

cytoplasmin in CVB3-infected cells (Fung et al. 2015). Our

previous study has demonstrated that EV-A71 infection

induced the accumulation of proteins in the form of cyto-

plasmic stress granules. Thus, we asked the question

whether the intracellular localization of TDP-43 is altered

by EV-A71 infection. As shown in Fig. 5, TDP-43 was

localized almost entirely in the nucleus of control cells

(Fig. 5A) or in the cells expressing protease 3C of EV-A71

(Fig. 5B, upper panel), while cytoplasmic TDP-43 was

identified in the cells expressing 2A (Fig. 5B, lower panel).

These findings demonstrate that the cytoplasmic translo-

cation of TDP-43 was induced by protease 2A rather than

protease 3C, suggesting that the cleavage of TDP-43 does

not contribute to its mislocalization in EV-A71-infected

cells.

Discussion

To reveal virus-host interaction is essential for under-

standing the pathogenesis of viral diseases and developing

potential treatment. The pathogenesis of neurological

injury caused by EV-A71 infection is incompletely

understood (Huang et al. 1999; Teoh et al. 2016). As an

RNA and DNA-binding protein, TDP-43 is widely

involved in a variety of cellular processes. The pathologi-

cal aggregation of TDP-43 is the key molecular event of

ALS and frontotemporal lobar degeneration (FTLD) (Hart

and Gitler 2012; Riku et al. 2016). The cleavage and

Fig. 4 TDP-43 is cleaved at a site which is close to its C-terminal.

The constructs expressing EGFP fusion proteins containing TDP-43

or mutated TDP-43 were generated. The construct containing mutated

TDP-43 was designated as pEGFP-TDP-43-mut, in which 331Q is

mutated to 331A. The domains of TDP-43 protein and the potential

cleavage site of protease 3C of the enteroviruses are indicated (A).

Cells were transfected with either pEGFP-TDP-43 (wild type) or

pEGFP-TDP-43-mut (Q331A) for 24 h and then infected with EV-

A71 for 24 h (B and C). Control cells were transfected with

pcDNA3.1 (C). Cell lysates were subjected to Western blotting using

anti-TDP-43 antibody (B) or anti-EGFP antibody (C).
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cytoplasmic aggregation of TDP-43 have been observed in

the cells infected with CVB3, another neurotropic enter-

ovirus (Fung et al. 2015). In this study, we demonstrated

that TDP-43 was cleaved by the protease 3C of EV-A71

and translocated into the cytoplasm, implicating the

potential role of TDP-43 in pathogenesis of EV-A71

infection.

Similar to the report in which TDP-43 was found to be

cleaved and aggregated in the cytoplasmic stress granules

during CVB infection (Fung et al. 2015), this study shows

that TDP-43 was cleaved by protease 3C and translocated

into the cytoplasm induced by protease 2A of EV-A71.

However, we did not study whether TDP-43 or the cleaved

TDP-43 was participating in the formation of stress gran-

ules in EV-A71-infected cells.

The proteases 2A and 3C of enteroviruses are essential

for viral replication by cleaving the viral polyprotein into

viral structural and non-structural proteins. Virus protease

2A and 3C also cleave cellular proteins such as MDA5,

RIG-I, MAVS, and TRIF to suppress innate immunity

(Feng et al. 2014; Lei et al. 2010; Lei et al. 2011; Wang

et al. 2013). Previous studies show that the cleavage site

for protease 3C of enteroviruses is often between Q and G

or Q and S in the target sequence of AXXQG or AXXQS

(Sun et al. 2016). In this study, we demonstrated that TDP-

43 was cleaved by 3C protease between the residue 331Q

and 332S in the sequence of AALQS. When this sequence

was mutated (331Q was mutated to 331A), 3C protease

failed to cleave TDP-43.

As a highly conserved nuclear DNA/RNA binding

protein, TDP-43 is involved in all aspects of RNA

Fig. 5 The cytoplasmic translocation of TDP-43 is caused by

protease 2A of EV-A71. HeLa cells were transiently transfected with

pEGFP-C1 (A), pEGFP-2A (B), and pEGFP-3C (B), respectively, for
24 h. Cells were harvested for immunofluorescence staining using

anti-TDP-43 antibody (Alexa-fluor-594). Cell nuclei were stained

with DAPI. Fluorescence images were taken by fluorescence micro-

scope (A) and CV1000 confocal system (B). Yellow squares in the

upper panel of B indicate the cells expressing EGFP-3C. Yellow

squares in the lower panel of B indicate the cells expressing EGFP-

2A. The larger square in the upper right or lower right panel of B is

the magnified image enclosed by the smaller square in the same panel.

The distribution of TDP-43 was indicated by arrows in the upper right

and lower right panels of B. Arrows in the upper-middle of B indicate

the nuclei of the cells expressing EGFP-3C, while arrows in the

lower-middle of B indicate the cytoplasm of the cells expressing

EGFP-2A.
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metabolism including the control of transcription, splicing,

mRNA transport, and translation (Fiesel et al. 2012;

Freibaum et al. 2010). It is believed that TDP-43 may

function as a part of ribonucleoprotein complexes

(Colombrita et al. 2012; Ule 2008). Evidence suggests that

nuclear RNA-binding proteins are utilized to promote

efficient viral replication. Heterogeneous ribonucleoprotein

C (hnRNP C) is able to stimulate poliovirus RNA synthesis

(Ertel et al. 2010), and hnRNP A1 promotes the translation

of EV-A71 through the interaction with type I internal

ribosome entry site (IRES) (Levengood et al. 2013; Tolbert

et al. 2017). TDP-43 has been described to interact with

hnRNP A1, A2/B1, A3, and C2 (Buratti et al. 2005;

Romano et al. 2014).

Although we show that TDP-43 was cleaved by the

protease 3C of EV-A71, how the cleaved TDP-43 would

impact viral replication and cellular functions remains to be

studied. Our data show that neither knockdown of TDP-43

with siRNA nor TDP-43 overexpression altered the repli-

cation of EV-A71 (Supplementary Figure S1 and

Figure S2). Although we did not investigate the cellular

impact of TDP-43 cleavage during EV-A71 infection, it is

logical to predict that processes associated with RNA

metabolism could be affected due to the critical role played

by TDP-43 in this aspect.

EV-A71 infection primarily impacts the neural system

of young children. However, up to now, there is no evi-

dence about the cleavage and the cytoplasmic translocation

of TDP-43 in the patients infected with EV-A71. Theiler’s

murine encephalomyelitis virus (TMEV), which belongs to

the Cardiovirus genus of the Picornaviridae family, is the

rodent pathogen of the central nervous system (Gerhauser

et al. 2019). One report has shown that the infection of

TMEV induced the cleavage of TDP-43 with the produc-

tion of the cleaved fragment, TDP-35. Although the

cleavage site in TDP-43 was not investigated (Masaki et al.

2019), we predict that TDP-43 is likely cleaved at the same

site as in the case of EV-A71 infection, since TMEV also

encodes a viral protease 3C with cysteine protease activity

(GenBank: AAA47930.1). Moreover, the cytoplasmic

mislocalization of TDP-43 was also seen in the cells

infected with TMEV (Masaki et al. 2019). Collectively, the

previous report and our results suggest that the cleavage

and cytoplasmic mislocalization of TDP-43 might be a

common feature for the infection of picornaviruses. In vivo

study is needed to further evaluate the significance of the

altered TDP-43 in the pathogenesis of EV-A71.

This study shows that the cytoplasmic localization of

TDP-43 was induced by protease 2A rather than 3C of EV-

A71. It has been demonstrated that protease 2A of enter-

oviruses cleaves nucleoporins in the nuclear pore complex

(NPC), leading to the selective removal of the N-terminal

phenylalanine-glycine (FG)-rich domains of the

nucleoporins (Park et al. 2015; Watters and Palmenberg

2011). Although the overall structure of NPC remains

relatively unaffected in the cells infected with enter-

oviruses, the permeability of nuclear pore is increased

(Watters et al. 2017; Wobst et al. 2017). Thus, it is likely

that the cytoplasmic localization of TDP-43 is the conse-

quence of the increased permeability of the nuclear pores

induced by 2A protease of EV-A71. However, it is

unknown concerning the integrity of TDP-43 (cleaved or

non-cleaved) which one is localized in the cytoplasm.

In summary, the present study demonstrated that TDP-

43 was cleaved by the protease 3C in EV-A71-infected

cells, while viral protease 2A induced the cytoplasmic

localization of TDP-43. Our data imply that the cleavage

and mislocalization of TDP-43 might contribute to the

pathogenesis of EV-A71 infection.
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