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miR373 and miR542-5p regulate the replication of
Enterovirus 71 in rhabdomyosarcoma cells

Zhuo Yangl, and Po Tien’

1 National Institute of Nutrition and Food Safety, Chinese Center for Disease Control and Prevention, Beijing 100050, China
2 Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101,
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Abstract: MicroRNAs (miRNAs) play an important role in infection and replication of virus in host cells. To identify
cellular miRNAs involved in the host response to enterovirus 71 (EV71) infection, we examined miRNAs effects on the
replication of EV71 in rhabdomyosarcoma cells. We constructed target gene of miRNAs screening system. 3'untranslated
region (UTR) dual luciferase reporter analysis was used to identify putative miRNA targets in the EV71 virus genome.
First, 13 segments of EV71 virus genomes were inserted to the pMIR vector and the luciferase expression were assayed to
identify the target gene of putative miRNA. The reporter gene expression of the cells transfected with the vector containing
5'-UTR was significantly downregulated. Then we screened the miRNAs that may target to 5’-UTR using online analysis
programs. Furthermore, Western blotting and real-time PCR test were performed to investigate the effect of miRNAs on
viral replication. The study showed that miR373 and miR542-5p could suppress the replication of EV71 virus through
binding to the 5'-UTR gene. Cellular miRNAs could regulate the replication of EV71 virus in host cells, and our paper
should report the role of miR373 and miR542-5p in this regulation for the first time. Our findings supported the notion that
the cellular miRNAs might be essential in the host-pathogen interactions.

Keywords: miRNAs, Enterovirus 71, rhabdomyosarcoma cells, virus replication
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Table 1 Primer sequences of EV71 gene segments for PCR

Gene Nllj) c::g:je Sequence 53’

5'-UTR 1-743 Forward primer: GCACTAGT TTAAAACAGC CTGTGGGTTGC
Reverse primer: GCAAGCTT CGCTTCGTGTTCA GCAGTATAAT

VP4 744-950 Forward primer: GCACTAGT ATGGGCT CCCAGGTCTCC
Reverse primer: GCAAGCTT CTTTAAGGGCGCTGCCATTT

VP2 951-1 712 Forward primer: GCACTAGT TCTCCCTCTGCTGAAGCATGTG
Reverse primer: GCAAGCTT CTGCGTAACTGC CTGCCTG

VP3 1 713-2 438 Forward primer: GCACTAGT GGTTTCCCCACTGAATTGAAAC
Reverse primer: GCAAGCTT TTGAATAGTGGCCGTTTGCA

VP1 2 439-3 329 Forward primer: GCACTAGT GGGGACAGAGTG GCAGATGT
Reverse primer: GCACGCGT GAGCGTAGTGATTGCCGTTC

2A 3 330-3 779 Forward primer: GCACTAGT GGGAAATTCGGTCAGCAGTCT
Reverse primer: GCAAGCTT CTGCTCCATCGCTTCCTCAT

2B 3 780—4 076 Forward primer: GCACTAGT GGGGTATCTGATTACATCAAAGGTC
Reverse primer: GCAAGCTT CTGTTTTTGTGCCATGGGAAT

2C 4 077-5 063 Forward primer: GCACTAGT AGTG CCTCATGGCTAAAGAAGTT
Reverse primer: GCACGCGT TTGAAAGAGTGCTTCTATAGTATTC

3A 5064-5 321 Forward primer: GCACTAGT GGACCCCCTAAATTCAGGCCT
Reverse primer: GCAAGCTT CTGGAACCCGGCAAACAG

3B+3C 5322-5936 Forward primer: GCACTAGT GGTGCTTACTCTGGAGCGC
Reverse primer: GCAAGCTT TTGCTCGCTGGCAAAA TAAC

3Dl 5937-6 660 Forward primer: GCGAGCTC GGAGAGATCCAGTGGATGAAGC
Reverse primer: GCACGCGT TAAGGCTTGCATCATATCCTGAG

3D2 6 661-7 325 Forward primer: GCACTAGT GTCCTGTGTGGTTCAGAGCTCT
Reverse primer: GCAAGCTT AAATAACTCGAGCCAATTTCTTCTC

3'-UTR 7 3267 408 Forward primer: GCACTAGT ACTTACAGCTCAATGCTGAAC
Reverse primer: GCAAGCTT GCTATTCTGGTTATAACAAATTTAC

5'-UTR-1 1-270 Forward primer: GCACTAGT TTAAAACAGC CTGTGGGTTGC
Reverse primer: GCAAGCTTCGTTACTAGGTTTCTCGAAGTAGTTAGCC

5'-UTR-2  250-530 Forward primer: GCACTAGTTTCGAGAAACCTAGTAACGCCATTG
Reverse primer: GCAAGCTTAGTTGCCCGTTACGACACACTGCCA

5'-UTR-3  500-743 Forward primer: GCACTAGT CCAAAGGGCAGTGTGTCGTAAC

Reverse primer: GCAAGCTT CGCTTCGTGTTCA GCAGTATAAT
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Table 2 Primers used for detection of EV 71 vpI and f-actin in Real-time PCR assay
Gene name

Forward primer sequence (5'—3")
EV71 vpl

AGTATGATTGAGACTCGGTG

Reverse primer sequence (5'—3")
GCGACAAAAGTGAACTCTGC
B-actin ACCCACACTGTGCCCATCTACGA GCCGTGGTGGTGAAGCTGTAGCC
5'-UTR CAPSID NONCAPSID 3'-UTR
—§ VP2 | VP3| VPI 2A | 2B 2C 3A [3B| 3C 3D
SV40 polyA |
MCS
SV40 promoter ’ r
/" HindIl
Puromycin ‘ __ Spel
SV40 pA |
\ _ Luciferase
pMIR-REPORT Luciferase
6470 bp
Ampicillin
CMYV promoter
ColEl origin

Bl1 WRAREIRERFHE
Fig. 1

Construction of Luciferase dual reporter analysis system for selection of miRNAs putative targets. Circular map
of the pMIR vector. The EV71 genes were inserted into the Spe [ /Hind

sites. pRL-CMV vector was used as control.
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Fig. 2 Relative luciferase activity from the pMIR reporter constructs carrying one of 13 fragments of EV71 and
pRL-CMV vector. Both pRL-CMV and pMIR vector were transfected into RD cell, 30 h after transfection,dual
luciferase activity were assayed. pMIR vector without gene inserted was used as control. n=3.*P<0.05.
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Fig. 3 Relative luciferase activity from the pMIR reporter constructs carrying fragments from the dissection of the
5'-UTR gene and pRL-CMV vector. Both pRL-CMV and pMIR vector were transfected into RD cell, 30 h after
transfection, dual luciferase activity were assayed. pMIR vector without gene inserted was used as control. n=3. *P<0.05.

3 miR373F0miR542-5pF 5| % 55-UTR-1EFE K R E A ER
Table 3 Model of hybridization between the miR373, miR542-5p and 5’UTR-1 mRNA were predicted using
RNA Hybrid software

miRNAs Sequence (5'-3") Target Hybridization
location
miR-373 GAAGUGCUUCGAUUUGGGGUGU 155-176 uGUGGGGUUUUAGCIiHlJ(l:Cl}IiI(I}ll\AG
tCGCATCTTGATC-AAGCACTTC
miR-542-5p UCGGGGAUCAUCAUGUCACGAGA 159-187 gAGCACU GUAC—U————AC—UA(I}(I}(I}GCu
aTCTTGATCAAGCACTTCTGTATCCCCGg
10 . .
z ol miR373  miR542-5p
Z 8 mimics miR-RiboTM mimics Negative control
© 7 *
2 6 12 RD
5 *
5 3 48 h Western
2 4
23 blotting EV71 B-actin
= 2
E 1 EV71
0 1 1
Control miR-373  miR-542-5p 5
B 4 miR373 1 miR542-5p X pMIR-5'UTR-1 Z K miR373  miR542-5p EVT1
RN REE RIS RD

Fig. 4 The relative luciferase activity from pMIR-5'UTR-1
and pRL-CMV vector in RD cells with overexpressing
miR373 and miR542-5p. miR-RiboTM mimics Negative
control was used as control, n=3. *P<0.05.
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Fig. 5 Western blotting analysis of the effects of
miR373 and miR542-5p on EV71 expression in RD cell.
The lysates of total cells infected with EV71 were
collected and analyzed for VP1 protein. Its decrease was
determined using EV71 monoclonal antibody.The
Beta-actin was wused as an internal control and
demonstrated equal loading of total protein. miR-RiboTM
mimics Negative control was used as control.
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Fig. 6 Real-time PCR analysis of the effects of
miR373 and miR542-5p on EV71 mRNA in RD cell.
Cultured supernatants of RD cells infected with
EV71were taken off at 48 h post-infection and viral
mRNA of the rest cells was extracted by means of
TRIzol, and then subjected to a Real-time PCR relative
quantification assay. The viral RNA transcripts level in
control was set as 100%. miR-RiboTM mimics Negative
control was used as control. The data shown represent
the mean percentage of RNA transcripts + s from three
independent experiments. *P < 0.05.
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