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ABSTRACT 

Background: Enterovirus 71 (EV71) and cox-

sackievirus A16 are the main causative agents of 

hand, foot and mouth disease (HFMD), but their path-

ogenicity has been shown to exhibit wide diversity.  

Methods: To illuminate the diverse pathogenicity of 

EV71 and CA16, microRNA (miRNA) profiles of 

human diploid cells infected with these two viruses 

were analyzed using an eukaryotic miRNA expression 

array.  

Results: Unlike EV71, directly stimulating an effec-

tive immune response, CA16 infection failed to effec-

tively activate cytokines or the B-/T-cell immune re-

sponse by repressing the expression of miRNAs. Sim-

ilarly, the cytokines and antiviral-specific immune 

responses induced by CA16 infection were lower than 

those induced by EV71 in rhesus macaques. Individu-

al miRNAs induced by EV71 and CA16 infections 

modulate the immune-associated target genes and lead 

to a distinct immune response.  

Conclusion: Our results provide experimental evi-

dence focused on the miRNAs induced during EV71 

and CA16 infection of human fibroblasts, which sug-

gests some meaningful clues for explanation the wide 

diversity of immune responses induced by the two 

viruses. 

Keywords: microRNA, human diploid cells, enterovi-

rus 71, coxsackievirus A16 

 

INTRODUCTION 

Millions of cases of hand, foot and mouth disease 

(HFMD) and several hundred HFMD-associated 

deaths have been reported each year in China since 

2008, when there was a large outbreak of HFMD in 

children in Fuyang, Anhui Province [1]. Etiological 

studies of these cases have demonstrated that HFMD 

could be frequently caused by pathogens, including 

microRNA expression profiling in human diploid cells infected 
with enterovirus 71 or coxsackievirus A16 
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enterovirus71 (EV71), coxsackievirus A16 virus 

(CA16) and echoviruses [2, 3], which are members of 

the genus Enterovirus. Interestingly, epidemiological 

data on HFMD have demonstrated that the patho-

genicity of the different viruses, which all belong to 

the family Picornaviridae, is different in the context 

of recurrent infections. EV71 generally leads to severe 

cases associated with the nervous system [4-6] and 

triggers a lower re-infection rate in patients with a his-

tory of previous EV71 infection [7]. Conversely, some 

studies have suggested the possible development of 

recurrent CA16 infections [7, 8]. However, the few 

details on the mechanism of CA16 infection [9-12] 

and the limited knowledge regarding the pathogenicity 

of HFMD [13, 14] make the potential reason for the 

infections unclear. 

  The immunologic antiviral mechanisms induced 

by EV71 and CA16 infections were previously report-

ed to be distinct in terms of the interferon (IFN) re-

sponse [15, 16]. In addition, in our previous studies, 

we observed an elevated expression of T-helper 2 

(Th2) or Th1 cytokines in patients with EV71 or 

CA16 infection, respectively [17]. In parallel, as 

shown in experimental data on animals, an increase 

versus a decrease in immune-associated IFN-

stimulated gene 15 (ISG15) expression was observed 

in animals with EV71 or CA16 infection, respectively 

[18]. To explore the potential rationale for the diversi-

ty in the immune response in humans infected by 

EV71 and CA16, our previous works analyzed the 

gene expression profiles in peripheral blood mononu-

clear cells (PBMCs) of rhesus macaques infected with 

these two viruses. The results showed that EV71 and 

CA16 infections could distinctively induce a wide va-

riety of host genes, specifically, immune-associated 

genes such as interleukin (IL)-4 and IL-17 [19, 20]. 

Gene expression is usually precisely controlled by 

multiple biological events, such as pre-transcription 

(i.e., cis- and trans-acting regulators), post-

transcription and translation [21, 22] events, as well as 

microRNAs (miRNAs) [23-26]. An miRNA is a non-

coding, single-stranded, small RNA molecule of ap-

proximately 18–25 nucleotides. miRNAs are involved 

in the modulation of gene expression post-

transcriptionally through either the degradation of tar-

get mRNA molecules or the repression of mRNA 

translation of the target gene [27-29]. Importantly, 

during viral infection, miRNAs are frequently ob-

served as crucial effectors of events, such as viral rep-

lication and viral proliferation, by regulating cellular 

gene expression and altering regular cell function [29, 

30]. And miRNAs are capable of not only playing a 

role in the innate immune response by modulating 

gene transcription and expression during viral infec-

tion [30-32] but also by regulating important genes 

associated with control of viral replication in the early 

phase of infection and genes associated with viral rep-

lication and packing in the middle phase. 

  To determine whether viral infection may in-

duce a unbalance and abnormal immune response, we 

first focused on the miRNA expression profile induced 

in human fibroblasts (as a diploid cell originated from 

fetal lung tissue) infected with EV71 or CA16 and 

observed different characteristic miRNA profiles ex-

pressed in the cells infected by each respective virus. 

Further, the characterized miRNA molecules induced 

by each virus were verified and compared with the 

variation of some cytokines for Th1 and Th2 immune 

responses in infected rhesus macaques. These results 

seemingly suggest an interesting mechanism mediated 

by miRNA in the formation of specific immunity 

against EV71 or CA16 infection. 

 

MATERIALS & METHODS 

Viruses and cells 

The EV71 virus (subgenotype C4) used in this study 

originated from an epidemic in Fuyang, China, in 

2008 (GenBank accession no. EU812515.1) [33]. The 

CA16 virus G20 strain (subgenotype B) was isolated 

from a throat swab of an HFMD patient in Guangxi, 

China, in 2010 (GenBank accession no. JN590244.1) 

[34]. Both viruses proliferate in human diploid cells 

(human embryonic lung fibroblasts; Institute of Medi-

cal Biology (IMB), Chinese Academy of Medical Sci-

ences (CAMS)). The human diploid cells were main-

tained in Dulbecco’s modified Eagle’s medium 

(DMEM) (HyClone; Logan, UT, USA) with 10% fetal 

bovine serum (FBS) (Gibco; Grand Island, NY, USA). 
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Animal experiments 

The animal experiments were designed based on the 

principles outlined in the Guide for the Care and Use 

of Laboratory Animals by the National Research 

Council of the National Academies [35] and the Guid-

ance to Experimental Animal Welfare and Ethical 

Treatment by the Ministry of Science and Technology 

of the People’s Republic of China [36]. The experi-

mental protocols were reviewed and approved by the 

Yunnan Provincial Experimental Animal Management 

Association (Approval no. SCXK (Dian) 2011-0005) 

and the Experimental Animal Ethics Committee of the 

Institute (Approval no. YISHENGLUNZI [2013] 4). 

Two weeks before the experiments, no antibodies for 

either anti-EV71 or anti-CA16 were detected in any 

animal. Nine antibody-negative neonatal rhesus mon-

keys (40–50 days old) with weights ranging from 250 

to 350 g were divided into three groups: three were in 

the EV71-infected group, three were in the CA16-

infected group, and three were in the negative-control 

group (without infection). All the neonates were kept 

with their own mothers in single stainless-steel cages 

during the entire experimental period. The mothers 

were fed pellets (IMB, CAMS, China), peanuts and 

fresh fruit. 

  The experimental monkeys were infected with 

strain EV71 or CA16 (104.5 50% cell culture infective 

dose (CCID50) per animal) using a nasal spray (Zhang 

et al., 2014; Song et al., 2016), and the control animals 

were administered phosphate-buffered saline (PBS). 

Every day from the start of infection, the animals were 

monitored for clinical signs, and blood samples were 

collected under appropriate anesthesia to alleviate pain 

and minimize suffering, as described in the guidelines 

of IMB and CAMS. Following recovery from anesthe-

sia after blood sample collection, all animals were re-

turned to the colony with their mother. 

 

Flow cytometry-based cytometric bead array analysis 

Serum was collected from the monkeys to detect IL-2, 

IL-4, IL-5, IL-6, tumor necrosis factor-α (TNF-α) and 

interferon γ (IFN-γ). The assays used to detect these 

cytokines were conducted using a Th1/Th2 Cytokine 

Cytometric Bead Array Kit (BD Biosciences, San Die-

go, CA, USA) [37]. Briefly, a mixture of anti-cytokine 

beads was added to the serum samples, incubated with 

the phycoerythrin detection reagent (included in the 

kit) in the dark at room temperature for 3 h and then 

washed twice. The intensity of the resulting fluores-

cence signal was measured using a fluorescence-

activated cell sorter flow cytometer (BD Biosciences), 

and the data were analyzed using cytometric bead ar-

ray software (BD Biosciences). 

 

Neutralizing antibody assay 

The viral titer was analyzed by performing a micro-

titration assay using a standard protocol [38]. A mix-

ture of diluted serum containing antibodies and the 

virus at a titer of 500–1000 CCID50 in 100 µL PBS 

was incubated at 37°C for 1 h. The cytopathic effect of 

the virus was examined by inoculating the mixture 

onto Vero cells grown in 96-well plates [39]. 

 

IFN-γ-specific enzyme-linked immunospot (ELISpot) 

assay 

A standard ELISpot assay was performed as previous-

ly described [40]. Briefly, a 96-well polyvinylidene 

difluoride (PVDF)-backed plate was pre-coated with 

anti-IFN-γ monoclonal antibody by incubation over-

night and blocked for 1 h at 37°C. Wells containing 

PBMCs of predetermined density and stimulating pep-

tide (10 μg/mL) were incubated at 37°C for another 24 

h. The cells were then removed, and the color was de-

veloped according to the manufacturer’s protocol. The 

colored spots were counted with an automated 

ELISpot reader (CTL, OH, USA). The spot-forming 

cells represented EV71 epitope-specific IFN-γ-

producing T-cells. 

 

Infection of human diploid cells in vitro 

Human diploid cells were grown as a monolayer in 

DMEM with 10% FBS at 37 °C for 24 h and infected 

with the viral strains (multiplicity of infection = 1). 

The cells were harvested at 3 and 6.5 h post-infection 

(p.i.). 
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miRNA assay 

Total miRNAs from the infected cells were collected 

using a mirVana miRNA Isolation Kit (Ambion; Aus-

tin, TX, USA). The RNA integrity number was also 

evaluated to determine RNA integrity using an Agilent 

Bioanalyzer 2100 (Agilent; Santa Clara, CA, USA). 

The extracted RNA was temporarily frozen in 95% 

ethanol at −20°C until further testing. 

  A human miRNA microarray (Agilent) was 

chosen to screen for miRNA expression in the infected 

cells. miRNA microarray experiments were conducted 

at the National Engineering Center for Biochip in 

Shanghai, China, according to the procedures in the 

Agilent technical manual. Briefly, miRNAs were la-

beled using a miRNA Completed Labeling and Hyb 

Kit (Agilent). Each slide was hybridized with 100 ng 

Cy3-labeled RNA using a miRNA Completed Label-

ing and Hyb Kit (Agilent) in a hybridization oven 

(Agilent). After hybridization, the slides were washed 

in staining dishes (Thermo; Waltham, MA, USA) with 

a Gene Expression Wash Buffer Kit (Agilent). Slides 

were scanned using a microarray scanner (Agilent), 

and the raw data were obtained using Feature Extrac-

tion software 10.7 (Agilent) and normalized using a 

quantile algorithm with Gene Spring 12.6 (Agilent). 

The systemic bioinformatic analyses of the microarray 

test were processed by Novel Bioinformatics Co., Ltd 

(Shanghai, China). 

  The differential expression of miRNAs was an-

alyzed between in the CA16-infected and the EV71-

infected group. Firstly, miRNA frequency was nor-

malized to the number of transcripts per million clean 

tags (TPM). Then, the miRNAs whose expression 

changes greater than 3-fold or less than 0.15-fold were 

analyzed. A P-value < 0.05 was selected as the cut-off 

criterion. Target genes were predicted by the National 

Engineering Center for Biochip in Shanghai, China. 

The same target genes were used to draw the network. 

 

Quantitative real-time polymerase chain reaction 

(qRT-PCR) confirmation 

miRNAs were extracted from cells using a miRcute 

miRNA Isolation Kit (TIANGEN Bio; Beijing, Chi-

na). The differential expression of four miRNAs, 

which were selected based on the miRNA assay, was 

confirmed by qRT-PCR using a miRcute Plus miRNA 

First-Strand cDNA Synthesis and qPCR Detection Kit 

(TIANGEN Bio) according to the manufacturer’s pro-

tocol. The primers for the miRNAs were provided by 

TIANGEN Bio. 

 

Statistical analysis 

The data were obtained in triplicate and are expressed 

as the mean values with standard deviation (SD). 

GraphPad Prism (San Diego, CA, USA) was used for 

the statistical analyses. The differences between two 

groups were evaluated using one-way analysis of vari-

ance. P< 0.05 was considered significant. 

 

RESULTS 

miRNA expression profiling in human diploid cells 

infected with EV71 and CA16 

Based on our data using microarrays showed extensive 

changes in immune-response-associated gene expres-

sion triggered by EV71 and CA16 infections [19, 20], 

and the fact that miRNAs usually plays a role in early 

or middle phase of viral infection , we screened all 

miRNAs to identify the major miRNAs associated 

with infection by these two viruses in vitro at 3 and 

6.5 h p.i. The expression of 70 miRNAs changed at 3 

h p.i in the EV71 infected human fibroblasts (as a dip-

loid cell strain) compared with the uninfected controls 

(Table 1), comprising 43 upregulated miRNAs and 27 

downregulated miRNAs (Table 1). This was more 

than in the CA16 infected cells at the same time point, 

which had only 28 differentially expressed miRNAs, 

16 upregulated and 12 downregulated (Table 1). As 

shown in the miRNA expression profile of the human 

fibroblasts infected with EV71 and CA16, four miR-

NAs (miR-5585-3p, miR-619-5p, miR-6786-5p and 

miR-8071) exhibited wide variations in expression 

during both EV71 and CA16 infection (Figure 1). 

Among these miRNAs, compared with the negative-

control (uninfected) group, the levels of miR-5585-3p 

and miR-619-5p decreased after viral infection, and 

the level of miR-6786-5p increased after viral infec-

tion (Figure 1). In contrast, the level of miR-8071 

tended to be up-regulated in the CA16-infected group, 

whereas the same miRNA was up-regulated (at 3 h 

p.i.) and down-regulated (at 6.5 h p.i.) in the EV71-
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infected group (Figure 1). Thus, these target genes may be involved in viral identification (such as receptors and 

stress responses) and in antiviral signaling pathways (Table 2). 

Figure 1. miRNA expression profiles of human diploid cells infected with EV71 and CA16 in vitro. 

Total miRNAs from infected cells (multiplicity of infection = 1) were extracted for miRNA assay at 3 and 6.5 h 
p.i. The heat map of the miRNA expression profile was normalized to that of the negative-control group 
(uninfected group). Down-regulated miRNAs are shown in blue and up-regulated miRNAs are shown in red. 
The values are shown on a log2 scale. 
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Figure 2. Confirmation of miRNA expression by qRT-PCR. qRT-PCR analysis of four selected miRNAs 
expressed after EV71 and CA16 infection at 3 and 6.5 h p.i. 

The results were normalized to the level of the small nuclear RNA U6, which is widely used endogenous refer-
ence RNA in miRNA quantification studies. The y-axis indicates the relative quantity of the specific miRNA in 
the infected samples compared with the uninfected samples. Error bars indicate the SD of the relative quanti-
ties. 

Table 1. Summary of differentially expressed miRNAs induced by EV71 and CA16 infections.  

Virus 3 h p.i.   6.5 h p.i. 

  Total Up-regulated Down-regulated   Total Up-regulated Down-regulated 

EV71 70 43 27   44 26 18 

CA16 28 16 12   32 18 14 

The number of differentially expressed miRNAs is shown. The levels of miRNAs induced by EV71 
and CA16 were normalized to those of the negative-control group (uninfected group). 

Table 2. Common miRNAs induced by EV71 and CA16 infection in human diploid cells. 

miRNA 

EV71 CA16 Predicted target gene 

Description 
3hp.i. 6.5hp.i. 3hp.i. 6.5hp.i. 

hsa-miR-5585-3p 0.05 0.02 0.03 0.02 XPR1 Virus receptor activity 

          DNAJB7 Heat shock protein (Hsp40) 

hsa-miR-619-5p 0.06 0.03 0.04 0.03 TIAF1 Activated Th cells 

hsa-miR-6786-5p 46.86 6.32 25.07 3.51 NA NA 

hsa-miR-8071 23.10 0.12 29.03 5.87 PPP2R1A Regulation of Wnt signaling path-

way 

NA, not applicable; there is no predicted target. 

Numbers indicate fold change, normalized to the negative-control group (uninfected group). 
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In addition to these four miRNAs that changed during 

both EV71 and CA16 infections, there were many oth-

er miRNAs induced only by EV71 or CA16 infection 

(Figure 1). In general, there were more changes in 

miRNAs induced by EV71 infection: miR-4417, miR-

5088-5p, miR-4476, miR-1914-3p and miR-1471 were 

all up-regulated at both 3 and 6 h p.i., whereas no sig-

nificant alterations were observed with CA16 infec-

tion for these miRNAs (Figure 1). Similarly, EV71 

infection induced remarkable down-regulation of miR-

323a-3p at two different time points, but CA16 infec-

tion did not induce any alteration of this miRNA 

(Figure 1). To confirm the results obtained from mi-

croarray analysis, qRT-PCR was performed using pri-

mers designed based on the sequences of the miRNAs. 

A total of four miRNAs were selected for primer de-

sign. The miRNA expression quantified by qRT-PCR 

showed the same patterns as those observed in the 

miRNA assay (Figure 2). The target genes of these 

miRNAs, which exhibited remarkable variations in 

expression, were found to be involved in immune re-

sponse, signal transduction and transcriptional regula-

tion (Table 3 and Figure 3). All these findings suggest 

that EV71 and CA16 infections could induce specific 

immune responses via individual signaling pathways 

and modulatory approaches.  

Figure 3. Network of differentially expressed miRNAs and their target genes during EV71 and CA16 in-
fection. 

The levels of miRNAs induced by CA16 were normalized to those of the EV71-infected group. Fold changes 
greater than 3-fold or less than0.15-fold are shown. Down-regulated miRNAs are shown in green and up-
regulated miRNAs in red. Genes involved in signal transduction are indicated by ellipses, genes involved in tran-
scription by triangles, immune response-related genes by stars and proliferation-related genes by polygons. 
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Table 3. Differentially expressed miRNAs induced by EV71 and CA16. 

miRNA 

EV71 CA16 Predicted 
target gene 

Description 

3 h 
p.i. 

6.5 h 
p.i. 

3 h 
p.i. 

6.5 h 
p.i. 

    

hsa-miR-323a-3p 0.21 0.29 NA NA IGSF3 Immune 

          UBE2K Ubiquitin 

hsa-miR-671-5p 29.57 4.34 NA NA ZNF318 Transcription 

          RAB6B Signaling transduction 

          HIVEP3 Transcription (promotes TNF-α-induced apoptosis) 

          CDIP Transcription (regulates TNF-α-induced apoptosis by 
p53) 

hsa-miR-1181 35.34 6.72 NA NA SOX2 Transcription (negative regulation of Wnt signaling 
pathway) 

          STAT3 Signaling transduction (is activated by IFNs, IL-5, IL-6, 
etc.) 

hsa-miR-1290 NA NA 27.42 25.68 MSR1 Immune 

          ZFHX3, Transcription 

          RGS7BP Signaling transduction 

hsa-miR-1471 48.49 37.76 NA NA OSBP Transporter (positive regulation of growth of symbiont 
in host, i.e.,hepatitis C virus, poliovirus) 

hsa-miR-1914-3p 55.37 50.22 NA NA TCF7 Immune (regulates lymphocyte differentiation) 

          E2F1 Transcription 

          HDAC1 Transcription 

hsa-miR-3158-5p 7.39 8.04 NA NA CNOT7 Immune (B-cell translocation, anti-proliferation) 

          GABBR2 Signaling transduction 

          CSNK1G1 Metabolism 

hsa-miR-3648 35.22 8.97 NA NA APC2 Signaling transduction (negative regulation of Wnt sig-
naling pathway) 

hsa-miR-4417 29.03 34.88 NA NA NFATC3 Transcription (regulates the gene expression in T- cells 
and immature thymocytes) 

          UBE2D2 Ubiquitin 

          TFAM Transcription 

hsa-miR-4476 30.69 43.30 NA NA PBX1, Transcription 

          XPO5 Transporter (transports small RNAs and double-stranded 
RNA-binding proteins from the nucleus to the cyto-
plasm) 

hsa-miR-4534 8.92 36.63 NA NA LTBP2 Signaling transduction 

          DOCK3 Signaling transduction (negative regulation of Wnt sig-
naling pathway) 

hsa-miR-8064 31.25 4.19 NA NA OR10G4 Signaling transduction 

          SLC6A4 Transporter (transports neurotransmitter) 

hsa-miR-8089 7.20 7.87 NA NA CXCL14 Immune (chemokine) 

          GABRG3 Signaling transduction 

NA, not applicable. 

Numbers indicate fold change, normalized to the negative-control group (uninfected group). 
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Immune response-associated miRNA expression profiling in human diploid cells infected with EV71 and 

CA16 

Nevertheless, based upon our above observation, CA16 infection still failed to induce a miRNA expression pro-

file similar to that induced by EV71 infection in its variety or dynamic range (Figure 1, Table 1 and Figure 2). 

Therefore, we further analyzed the immune response-associated miRNA expression profile induced by EV71 

and CA16 infections to explore potential clues regarding the diversity of their pathogenicity. Unlike EV71 infec-

tion, CA16 infection directly led to the general down-regulation of miRNAs whose target genes are associated 

with negative regulation of the immune response (Figure 4). These data suggest that miRNAs may be used to 

suppress the immune response during CA16 infection. 

Figure 4. Differences in miRNAs associated with the immune response between EV71 and CA16 infection.  

The levels of miRNAs induced by CA16 were normalized to those of the EV71-infected group. Down-regulated 

miRNAs are shown in blue and up-regulated miRNAs in red. The values are shown on a log2 scale. 

 

Partial cytokine expression in rhesus macaques infected with EV71 and CA16 

Based upon our observation of miRNA expression profiles induced in human diploid cells by EV71 and CA16 

described above, we tried to link the variation of miRNA expression profile characterized by EV71 versus CA16 

in cultured cells to the immune responses observed in primates infected by the two respective viruses. As in a 

previous study [41], vesicles in the mouth and on the limbs were observed in the infected rhesus macaques 

(Figure 5A). Varied expression of released cytokines was detected in the peripheral blood of rhesus macaques 

infected with EV71 or CA16, and the results showed wide diversity in the levels of partial cytokines (e.g., IL-5, 

TNF-α and IFN-γ) (Figure 5B). In EV71-infected rhesus macaques, the levels of IL-5, IL-6, TNF-α and IFN-γ 
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were markedly increased and typically sustained for a period of time (Figure 5B); in contrast, in CA16-infected 

rhesus macaques, the levels of IL-6 and TNF-α were transiently elevated on day 7 p.i.; however, no significant 

changes were noted in the other cytokines (Figure 5B). 

Figure 5. Cytokines released in rhesus macaques infected with EV71 or CA16.  

Serum from the peripheral blood of rhesus macaques infected with EV71 or CA16 was obtained on days 1, 3, 5, 
7, 10 and 14 p.i. and a cytokine as saw as conducted. 
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Immune response in rhesus macaques infected with EV71 or CA16 

To examine the immune responses induced by EV71 and CA16 infections, we compared the humoral response 

(i.e., neutralizing antibodies) and the cellular response (i.e., IFN-γ) in rhesus macaques infected with EV71 or 

CA16. Unlike the robust anti-EV71-specific humoral and cellular responses induced by EV71 infection [42] 

(Figure 6), the anti-CA16 neutralizing antibody titer induced by CA16 infection was lower than 1:4 (identified 

as negative according to the standard). There was no difference between the IFN-γ-specific cellular response 

induced in PBMCs infected with CA16 and that in the negative-control macaques (normal macaques) (Figure 

6).   

Figure 6. Neutralizing antibody and IFN-γ induced by EV71 and CA16 infection in rhesus macaques.  

Serum from the peripheral blood of rhesus macaques infected with EV71 and CA16 was obtained to measure 

the levels of neutralizing antibody on days 0, 3, 5, 7, 9, 11 and 14 p.i. In addition, PBMCs from the peripheral 

blood sample of these macaques were obtained to measure the levels of IFN-γ on days 0, 7 and 14 after infec-

tion. SFC: spot-forming cell. *: p<0.05.  

 

DISCUSSION 

Most previous studies have typically focused on analysis of the pathological and immunological responses re-

sulting from EV71 or CA16 infection [10, 41, 43]. Leng and colleagues reported that EV71 infection activates 

the immune response via natural killer T-cells but that CA16 activates the immune response via type I IFN [15, 

16]. However, the data comparing the differences between these two viral infections in detail are scarce. To 

explore the characteristics of the immune response during EV71 and CA16 infections, we systematically ana-

lyzed the expression of miRNAs induced by EV71 and CA16 in cultured human diploid cells in the current 
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study, and the results of the miRNA expression profile 

obtained from the infected cells were verified further 

based upon the variation of some functional molecules 

associated with the immune response detected in the 

macaques infected by both viruses. The consistency in 

this verification showed a trend similar to that ob-

served in a comparison of gene expression profiles 

and immunologic factors in blood induced by both 

viruses in infected macaques [19, 20]. 

  In the current work, the first important observa-

tion was that miRNAs associated with the recognition 

of viral pathogen-associated molecular patterns 

(PAMPs) and antiviral signal transduction pathways 

increased during both EV71 and CA16 infections, as 

with hepatitis C (HCV) and tobacco mosaic virus 

(TMV) [44-46]. These findings suggest that the hu-

man diploid cells, as fibroblasts originated from lung 

epithelium tissue, are capable of responding to viral 

PAMPs through pattern recognition receptors (PRRs) 

and could logically release signal molecules to acti-

vate the host innate immune response. In this case, a 

marked difference in the expression levels of miRNAs 

associated with signal transduction and transcriptional 

regulation in cells infected with EV71 or CA16 may 

suggest the different interaction of fibroblasts with 

EV71 and CA16, which may lead to various stimula-

tions to the process of adaptive immune response for-

mation during viral infection. Compared with EV71 

infection, fewer miRNAs were induced by CA16 for a 

normal immune response against viral antigens. Par-

ticularly in cells infected with CA16, the levels of miR

-5088-5p were reduced. One of the target genes for 

miR-5088-5p is AKT2, which is involved in the nega-

tive modulation of the B-/T-cell response, resulting in 

failure to activate the release of immune-associated 

cytokines and immune response repression; the same 

effect was observed for miR-6794-5p. Transient eleva-

tion of the levels of several cytokines (IL-6 and TNF-

α) has been observed in CA16-infected rhesus ma-

caques within the period of acute infection [17, 41, 

43], and neutralizing antibody and IFN-γ were not 

induced by CA16. It suggests that CA16 infection is 

unable to cause a rapid and intense immune response 

compared with EV71 infection, which seems to sug-

gest an inhibiting effect during formation of the im-

mune response to CA16 infection. These results are 

consistent with a report by Luo et al. [47], who sug-

gested that CA16 infection stimulates imbalances of T

-cells. Notably, it is almost impossible for hosts to 

protect against recurrent CA16 infection due to the 

lack of previously characterized immune response in-

dicators [7, 8]. According to these results, we specu-

late that miRNAs may play an important role involved 

in the regulation of immune responses against CA16 

infection. miRNA molecules, which involved in regu-

lating the T-/B-cell activation response to CA16 infec-

tion, were reduced in cells. In contrast, EV71 infection 

could simply activate the regular B-/T-cell response 

due to the failure to downregulate the expression of 

negatively controlled miRNAs, thereby eliciting effec-

tive humoral immunity and specific cellular responses 

that protect hosts from recurrent infection by EV71 

virus in clinical practice. 

  Nevertheless, the miRNAs we discovered are 

not the same miRNAs that were previously reported 

by Cui et al. [48]. We are unable to determine whether 

these two studies can be compared because the miR-

NA expression profiling from our study was induced 

in cultured cells infected by EV71 and CA16 in vitro, 

but the former report used the serum of patients infect-

ed by these two viruses. In addition, in our study, de-

tection of miRNA started from the early phase of viral 

infection (3 and 6.5 h), and detection of cytokines was 

carried out over the whole acute viral infection in in-

fected animals (14 days), which was predicted to pro-

vide data regarding the variation of some cytokines 

associated with viremia. In contrast, Cui et al. [48] 

only analyzed patients starting from when symptoms 

appeared, mainly during the onset phase (usually 3–7 

days after viral infection). Thus, differences between 

the two studies are understandable. 

  Interestingly, in our study, the expression levels 

of these immune effectors induced by EV71 and 

CA16 infection in macaques were similar to levels of 

the associated cytokines in patients infected with the 

two viruses [17, 19, 20]. It prompts that macaque 

might be a candidate animal model to research about 

EV71 and CA16 infection. 

  Absolutely, there are some limits in this study. 

Firstly, the differentially expressed miRNAs should be 

confirmed by further experiments. Secondly, the more 

details of mechanism for regulation immune response 
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by these important miRNAs should be revealed in fur-

ther studies. 

 

CONCLUSION 

Based on these results and our previous research, 

which described the acute infectious process of EV71 

and CA16 in rhesus monkeys and analyzed Th1 and 

Th2 immune responses induced during these infec-

tions [17, 41, 43, 49], the differences in miRNA pro-

files induced by these two viruses in cells obtained 

here may provide clues for further investigations into 

the relationship of these viruses with the immune re-

sponse and the role of miRNAs in immune regulation.  
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