
49 

 

 

Pakistan Veterinary Journal 

ISSN: 0253-8318 (PRINT), 2074-7764 (ONLINE) 
DOI: 10.29261/pakvetj/2018.104  

 

 

Differential Expression Analysis of microRNA in the Central Nervous System of Mouse 

Infected with Rabies Virus 
 

Yan Pan1,3§, Lin-Juan Xie2,§, Xian-Kai Wei2, Xiao-Ning Li2, Jing-Jing Liang2 and Ting Rong Luo1, 2,* 

 
1State Key Laboratory for Subtropical Agro-Bioresources Conservation & Utilization; 2College of Animal Sciences and 

Veterinary Medicine, Guangxi University, Nanning, Guangxi Province 530004, China; 3Guangxi Key Laboratory of 

Veterinary Biotechnology, Guangxi Veterinary Research Institute, Nanning 530001, Guangxi, China 

*Corresponding author: tingrongluo@gxu.edu.cn 

 
 

ARTICLE HISTORY (18-091) 
 

  

A B S T R A C T  
 

Received: 

Revised: 
Accepted: 
Published online: 

March 18, 2018 

October 07, 2018 
October 08, 2018 
November 13, 2018 

 Cellular microRNAs (miRNAs) play a key role in regulating the replication of 

rabies virus (RABV). To better understand the pathogenesis of RABV, we 

investigated the miRNAs expression in mice brain and spinal cord during RABV 

infection in the present study. The results showed the differential expression of 18 

(12 up- and 6 down-regulation) and 5 (4 up- and 1 down-regulation) miRNAs with 

at least 3-fold change in the brain and spinal cord of GX01-infected mice, 

respectively. Eight miRNAs (7 up and 1 down-regulation) changed at least 3-fold in 

the brain of Flury-infected mice. Functional annotation of the differentially 

expressed miRNAs revealed that they are involved in immune response, biological 

process, apoptosis, and diseases (including cancer, long-term depression, vascular 

smooth muscle contraction, etc.). Three primary transcripts, miR-101c, miR-155-5p 

and miR-223-3p were selected for heterologous expression in BHK-21 cells after 

cloning into eukaryotic expression vector, pEGFP-C1, containing an eGFP marker. 

Our assays demonstrated that an increase in the N mRNA of RABV occurs in 

consistent with the up-regulated expression of the miRNAs, suggesting that these 

miRNAs are likely to be involved in promoting RABV transcription. 
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INTRODUCTION 

 

The rabies virus (RABV), a member of the 

Lyssavirus genus belonging to the family Rhabdoviridae, 

is a highly neurotropic virus that can infect all warm-

blooded animals and cause a fatal infection of the central 

nervous systems (CNS) with 100% mortality rate (Schnell 

et al., 2010). The rabies epidemic is more prevalent in 

Asia and Africa. In China, rabies still remains as an 

important public health concern. In recent years, the 

number of humans who died of rabies in China was 

reported to be 2nd only to India (Knobel et al., 2005).  

In the past two decades our research group has 

focused on investigating the epidemiology of dog rabies 

in the Guangxi province of Southern China (Liu et al., 

2007; Tang et al., 2014). In animals, the duration of rabies 

infection from clinical onset is short with the infected 

animal  dying  within  1–3  days  after the initial infection.  

 
§The authors contributed equally to this work. 

Despite the short time period, the brains of the rabies 

infected animals have robust pathological lesions, which 

cause the death of the animal. Despite rabies being an old 

endemic problem with high incidence, the pathogenesis of 

RABV remains poorly understood.  

Recent evidence has shown that microRNAs 

(miRNAs) play key regulatory roles in virus-host 

interactions (Cullen, 2010). miRNAs are endogenous, 

small, single-strand, non-coding RNA that contain 18-23 

nucleotides and are crucial post-transcriptional regulators 

of gene expression (Xiao and Rajewsky 2009). To date, a 

number of 18-30 nt small RNAs have been identified as a 

crucial regulatory molecules in unicellular and 

multicellular organisms, and animal viruses (Ambros, 

2004; Griffiths-Jones et al., 2008; Suryawanshi et al., 

2015; Miskinyte et al., 2017; Yang et al., 2017).  

To obtain insight into the pathogenesis of RABV and 

to understand whether miRNA is involved in pathogenesis 

we performed Solexa high-throughput sequencing 

(Illumina Genome Analyzer IIX) to investigate changes in 
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miRNA expression in the brain and spinal cord of mice 

infected with a Guangxi street isolate, GX01 and a 

vaccine strain, Flury. Differential expression, Kyoto 

Encyclopedia of Genes and Genomes (KEGG) pathway 

annotation and target genes of miRNAs were 

systematically analyzed. 

 

MATERIALS AND METHODS 

 

Viruses, cells and animals: A RABV street isolate, 

GX01, from a rabid dog in Guangxi province in southern 

China and a RABV vaccine strain, Flury, were used in 

this study. Viruses were grown in mouse neuroblastoma 

(N2a) cells maintained in Dulbecco’s modified Eagle’s 

medium (DMEM) supplemented with 10% fetal bovine 

serum. Four-weeks-old BALB/c mice were challenged 

intracerebrally with a dose of 100 TCID50 per 30 μL 

DMEM RABV GX01 and Flury strains. Mock-infected 

mice were injected intracerebrally with 30 μL DMEM. 

 

Sample preparation and total RNA isolation: RABV 

challenged mice were euthanized after 7 days post-

infection (dpi). Whole brains and spinal cords were 

harvested and stored in liquid nitrogen and sent to Beijing 

SinoGenoMax Co. for small RNA extraction and cloning. 

Briefly, total RNA samples were extracted from the full 

brains and spinal cords using miRNeasy Mini Kit 

(QIAGEN) and were used to construct the cDNA library; 
and sequencing was performed using a high-throughput 

Illumina Genome Analyzer IIX (Beijing SinoGenoMax 

Co. Led.). 

 

Analysis of miRNA expression profiles: The brains and 

spinal cords of GX01-, Flury-, and mock-infected mice 

after 7 dpi were selected for miRNA microarray analysis. 

The expression level of miRNAs was estimated using a 

mouse miRNA expression profiling assay (Illumina, Inc., 

San Diego, CA, USA). Briefly, total RNA was extracted 

as detailed above and was constrcted small cDNA library 

was constructed and then high-throughout sequence 

analysis was performed by using IIIumina Genome 

Analyzer IIX. 

 

Validation of the differentially expressed miRNAs by 

quantitative RT-PCR (qRT-PCR): qRT-PCR was 

performed to quantify miRNA expression levels in the 

brain and spinal cord samples from GX01-, Flury-, and 

mock-infected mice. First, reverse transcription was 

performed in 25 µL reactions containing 1 µL (1µg) total 

RNA, 1 µL Rtase mix, 1 µL (2.5U) polyA polymerase 

(GeneCopoeia Co., Ltd, Beijing), 5× reaction buffer and 

ddH2O free from RNAse. The reaction mix was incubated 

for 60 min at 37°C at first and then 5 min at 85°C.  

The qRT-PCR reaction was performed in 20 µL 

mixtures containing 10.0 µL 2× All-in-One qRT-PCR 

Mix, 2.0 µL All-in-One miRNA qPCR primer, 2.0 µL 

universal primer, 2.0 µL cDNA, and 4.0 µL ddH2O. The 

qPCR reaction conditions were the following: initial 

denaturation at 95°C for 10 min, then 40 cycles of 95°C 

for 10 s and 60°C for 20 s followed by a melting curve 

analysis from 65 to 90°C with 0.5°C increase every 20 s. 

 

KEGG pathway analysis of target genes: To understand 

biological functions of the target genes of differentially 

expressed miRNAs, we performed the KEGG functional 

annotation using DAVID Bioinformatics Resources 6.7 

Soft (http://david.abcc.ncifcrf.gov/). The P-value 

threshold was set at <0.05. 

 
Table 1: Differential expression of miRNA during RABV infection 

Category Tissue Total Fold 

change 

(≥3.0) 

 Fold 

change 

(2.0≤3.0) 

 Fold change 

(≤2.0) 

Up Down  Up Down  Up or down 

GX01 vs mock Brain 446 12 6  63 71  294 

Spinal cord 499 4 1  26 43  425 

Flury vs mock Brain 446 7 1  21 59  358 

GX01 vs Flury Brain  5       

 
Table 2: Differential expression of miRNAs in RABV infected mouse 

brain and spinal cord (Fold change≥3.0) 
Category Organ Regula- 

tion 

miRNA Fold  

change 

Position on chromosome 

GX01 vs  

Mock 

Brain Up miR-155-5p 5.58 16:84714385-84714449 [+] 

  miR-1839-3p 3.44 7:88674802-88674874 [+] 

   miR-21-3p 3.54 11:86397569-86397660 [−] 

   miR-21-5p 3.22 11:86397569-86397660 [−] 

   miR-223-3p 4.65 X:93438156-93438265 [+] 

   miR-223-5p 5.29 X:93438156-93438265 [+] 

   miR-466a-3p 3.12 2:10429545-10429617 [+] 

   miR-466b-3p 3.12 2: 10395846-10395927 [+] 

   miR-466c-3p 3.12 2:10403161-10403244 [+] 

   miR-466e-3p 3.12 2:10400715-10400798 [+] 

   miR-466p-3p 3.12 2:10427633-10427721 [+] 

   miR-541-5p 3.12 12:110980619-110980708 [+] 

  Down miR-145-3p −3.01 18:61807479-61807548 [−] 

   miR-150-3p −3.37 7:52377127-52377191 [+] 

   miR-3068-3p −3.01 12:88778629-88778707 [−] 

   miR-383-3p −3.53 8:39315187-39315256 [−] 

   miR-673-3p −3.20 12:110810200-110810290 [+] 

   miR-676-5p −3.01 X:97576436-97576524 [+] 

 Spinal  

cord 

Up miR-155-5p, 4.46 16:84714385-84714449 [+] 

   miR-223-3p, 3.22 X:93438156-93438265 [+] 

   miR-223-5p, 3.24 X:93438156-93438265 [+] 

   miR-34a-3p 3.08 4:149442563-149442664 [+] 

  Down miR-193b-5p −3.05 16:13449616-13449694 [+] 

Flury vs  Brain Up miR-142-3p 3.73 11:87570366-87570429 [+] 

Mock   miR-155-5p 5.84 16:84714385-84714449 [+] 

   miR-21-3p 4.02 11:86397569-86397660 [−] 

   miR-21-5p 3.33 11:86397569-86397660 [−] 

   miR-223-3p 3.69 X:93438156-93438265 [+] 

   miR-223-5p 3.59 X:93438156-93438265 [+] 

   miR-547-3p 3.23 X:65241549-65241626 [−] 

  Down miR-511-3p −3.28 2:14182630-14182708 [+] 

GX01 vs  Brain Up miR-150-3p 3.80 7:52377127-52377191 [+] 

Flury   miR-451 3.47 11:77886672-77886743 [+] 

   miR-676-5p 3.43 X:97576436-97576524 [+] 

 

Constructing recombinant miRNA vectors: Genomic 

DNA was extracted from mice brain or spinal cord 

samples using TIANamp Genomic DNA kit (TIANGEN 

BIOTECH BEIJING CO., LTD). The primers specific to 

miRNA were used to amplify the miRNA transcripts by 

PCR using the following conditions: one cycle of 95°C 

for 5 minutes; 33 cycles of 94°C for 30 seconds, 54.5°C 

for 30 seconds, 72°C for 40 seconds (miR-155 and miR-

223); 33 cycles of 94°C for 30 seconds, 57°C for 30 

seconds, 72°C for 40 seconds (miR-101c) and one cycle 

of 72°C for 10 minutes. These primary transcripts were 

cloned into a cloning vector, pMD-18T, to confirm their 

sequences. Then, the miRNA primary transcripts were 

subcloned into a eukaryotic expression vector, pEGFP-

C1, containing an eGFP marker using restriction enzymes 

Xho I and BamH I and cloning was confirmed by both 

Xho I/BamH I digestion and sequencing. 
 

http://david.abcc.ncifcrf.gov/
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Expression of recombinant miRNAs in BHK-21 cells: 
Monolayers of BHK-21 cells (80% confluent; 5 × 105 

cells) were prepared and transfected with the recombinant 
miRNAs containing eukaryotic expression vectors 
(pEGFP-C1-miR). Fluorescence of the transfected BHK-
21 cells was observed through an inverted fluorescence 
microscope to determine the expression of miRNAs and 
transfection Transfection efficiency of miRNAs was 
determined by qRT-PCR. 
 

Effect of recombinant miRNAs expression on RABV 

transcription: BHK-21 cells were transfected with 
recombinant miRNAs expressing eukaryotic expression 
vectors (pEGFP-C1-miR) and control pEGFP-C1 
according to Jiang (Jiang et al., 2003). After 12 hours, 
these BHK-21 cells were infected with RABV vaccine 
Flury strain. The expression level of RABV N mRNA was 
measured by qRT-PCR. 
 

RESULTS  

 

Analysis of miRNA expression profile: The pre-miRNA 
and mature miRNA reads were downloaded from the 

updated version of miRBase, version Release18 (website:  
http://www.mirbase.org). Then, we calculated the mapped 
read count of each miRNA in the different samples using 
miRDeep (Friedlander et al., 2008), which revealed the 

differential expression profile of miRNA during RABV 
infection (Table 1). Compared with the mock samples, a 
total of 446 miRNAs were differentially expressed in the 
brains of mice infected with GX01 isolate and Flury 

strain. Among these, 12 and 6 miRNA demonstrated ≥3.0 
fold change (up- or down-regulated) in a comparison of 
GX01 vs mock infected brains, respectively (Table 2); 63 
and 71 miRNA were up- or down-regulated with 2.0–3.0-
fold change, respectively; and 294 were up- or down-

regulated with ≤2.0-fold change. In a comparison of 
brains from Flury vs mock infected mice, 7 and 1 miRNA 
were up- or down-regulated with ≥3.0 fold change, 
respectively; 21 and 59 were up- or down-regulated with 

2.0-3.0-fold change, respectively; and 358 were up- or 
down-regulated with ≤2.0-fold change. In the spinal cord 
of mice infected with GX01, there were 499 differentially 
expressed miRNA. Among these, only 4 and 1 miRNA 
were up- and down-regulated with fold-change ≥3.0; 26 

and 43 miRNAs were up- and down-regulated with 2.0-
3.0-fold change; and most of the miRNA (425/499) were 
differentially expressed with a fold-change ≤2.0. These 
data suggested that intracerebral infection of mice with 

RABV results in significantly more changes in miRNA 
expression levels in the brain compared to the spinal cord. 
 
Differential expression analysis of miRNAs: Further, 
we analyzed differentially expressed miRNAs using the 
miRDeep (Friedlander et al., 2008) in the following 
comparisons: GX01 spinal cord vs mock infected, GX01 
brain vs mock infected brain, Flury brain vs mock 
infected brain, GX01 brain vs Flury brain (Fig. 1A). Fig. 
1B shows the differential expression of miR-155-5p, miR-
223-3p and miR-223-5p in GX01-infected brain and up-
regulation of miR-34a-3p in GX01-infected spinal cord 
compared with the mock infected brain. Additional data 
on differentially expressed miRNA with a fold-change 
≥3.0 (up- or down-regulated) are shown in Table 2. 

Validation of differentially expressed miRNAs 

expression level by qRT-PCR: To confirm the 
expression level of differentially expressed miRNAs 
identified through next generation sequencing, we chose 
three miRNAs for qRT-PCR analysis. As shown in the 
Fig. 2, the expression levels of miR-155-5p and miR-223-
3p by Solexa were 4.462- and 3.216-fold higher than 
mock infected spinal cord, respectively, and were 8.169- 
and 10.489-fold higher by qRT-PCR. Thus, both Solexa 
and qRT-PCR showed consistent up-regulation of miR-
155-5p and miR-223-3p. Another miRNA, miR-34a-3p, 
was also up-regulated in both Solexa and qRT-PCR 
analyses in the spinal cord of mice infected intracerebrally 
with the GX01 isolate (data not shown).   
 

 
 

Fig. 1: Differential expression of miRNAs in mouse central nervous 
system infected with RABV A) Differential expression of miRNAs in the 
different mice samples. B) Five selected miRNA that were differentially 
expressed in the mouse brain infected with RABV GX01. 
 

 
 

Fig. 2: Confirmation of differentially expressed miRNAs by qRT-PCR. 
Three miRNAs obtained from Solexa sequencing were confirmed to be 
differentially expressed by qRT-PCR. 

 

KEGG pathway annotation of miRNA: To understand 
the biological functions of differentially expressed 
miRNAs and their target genes; and their regulation and 
importance in metabolic pathways, we performed the 
KEGG functional annotation of differentially expressed 
miRNAs using DAVID Bioinformatics Resources 6.7 
(http://david.abcc.ncifcrf.gov/) with the p-value threshold 
set at <0.05. Seven miRNAs derived from Flury-infected 
brains were involved in 23 pathways in biological process 
(mmu04810:   regulation   actin   cytoskeleton),    immune  

ftp://ftp.ensembl.org/pub/release-66/fasta/mus_musculus/ncrna/
http://david.abcc.ncifcrf.gov/
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A  

 

B  

 

C  

 
Fig. 3: KEGG pathway annotation of miRNA. A) GX01 brain vs Mock. 
B) GX01 spinal cord vs Mock. C) Flury brain vs Mock. 
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Fig. 4: Construction and expression of recombinant miRNAs in a 
eukaryotic expression system (BHK-21 cells). A) Construction and 
identification of recombinant miRNAs in an eukaryotic expression 

vector.B) Detection of eGFP tagged miRNAs via eukaryotic expression 
vector in BHK-21 cells.C) Detection of mature-miRNAs expression in 
BHK-21 cells. 
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B  
 
Fig. 5: Effect of miRNA expression levels on RABV replication in vitro. The BHK-21 cells were transfected with pEGFP-C1-miR-101c, pEGFP-C1-miR-
155, pEGFP-C1-miR-223 or control pEGFP-C1 according to LipofectamineTM 2000 Transfection Reagent. After 48 hours, these BHK-21 cells were 
infected with RABV Flury strain. A) Theexpression level of RABV N gene was measured by qRT-PCR. B) Expression level of mature miRNAs by qRT-

PCR. 
 

signaling transduction (mmu04010 MAPK signaling 

pathway),  metabolism  (mmu00230:  purine metabolism), 

etc. (Fig. 3C). Eleven miRNAs from GX01-infected brain 

were involved in 90 pathways, including biological 

process (mmu04120: ubiquitin mediated proteolysis), 

pathogenesis (mmu04210: apoptosis); signaling 

transduction (mmu04722: neurotrophin signaling pathway, 

mmu04630: Jak-STAT signaling pathway etc.), diseases 

(mmu05215: prostate cancer, mmu05210: colorectal 

cancer, mmu04730: long-term depression, mmu04270: 

vascular smooth muscle contraction), etc. (Fig. 3A). 

Representative results are shown in Fig. 3B and are 

derived from the spinal cord of mice infected with GX01. 
 

Construction of miRNAs eukaryotic expression 

vector: Three primary transcripts, miR-101c, miR-155-

5p and miR-223-3p, were amplified from the genomic 

DNA of mice infected with RABV (Fig. 4A a1). The 

amplicons were then cloned into pMD-18T to obtain 

pMD-18T-miR-101c, pMD-18T-miR-155 and pMD-

18T-miR-223 (Fig. 4A a2). After confirming the 

sequences of the cloned plasmids they were subcloned 

into a eukaryotic expression vector, pEGFP-C1, 

containing an eGFP marker. The resulting recombinant 

eukaryotic expression vectors were pEGFP-C1-miR-

101c, pEGFP-C1-miR-155 and pEGFP-C1-miR-223 that 

were verified by Xho I/BamH I digestion (Fig. 3A, 4A) 

and sequencing. 
 

Expression of recombinant miRNAs in BHK-21 cells: 

BHK-21 cells were transfected with the three recombinant 

eukaryotic expression vectors, pEGFP-C1-miR-101c, 

pEGFP-C1-miR-155 and pEGFP-C1-miR-223 and fluore-

scence was observed through an inverted fluorescence 

microscope. Transfection efficiency determined using qRT-

PCR showed that BHK-21 cells transfected with pEGFP-

C1-miR-101c, pEGFP-C1-miR-155 and pEGFP-C1-miR-

223, as well as the control pEGFP-C1 vector expressed 

green fluorescence at 48 hours post-transfection (hpt). The 

fluorescence was distributed in the cytoplasm and nucleus 

but was not evident in control BHK-21 cells that were not 

transfected (Fig. 4B). These data demonstrated that the 

three miRNAs, miR-101c, miR-155-5p and miR-223-3p, 

could be expressed in BHK-21 cells. 
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Moreover, transfection efficiency of pEGFP-C1-miR-

155 and pEGFP-C1-miR-223 determined by qRT-PCR 

showed high efficiency with miR-155-5p and miR-223-3p 

showing 7275 and 148 fold increase in eGFP expression, 

respectively, compared with the empty pEGFP-C1 vector 

(Fig. 4C). 

 

Effect of recombinant miRNA expression on RABV 

transcription: BHK-21 cells were transfected with 

pEGFP-C1-miR-101c, pEGFP-C1-miR-155, pEGFP-C1-

miR-223 and control pEGFP-C1 according to 

LipofectamineTM 2000 Transfection Reagent (Thermo 

Fisher Scientific Inc., MA, USA). After 12 hours, the 

plasmids containing media were removed and the cells 

were infected with the Flury strain RABV. Then, the 

expression of RABV N gene was measured by qRT-PCR. 

As shown in Fig. 5, the expression level of N gene 

remained stable at 12 and 24 hpi. In contrast, the 

expression level increased at 48 and 72 hpi. Compared to 

the empty vector, relative level of RABV N mRNA at 48 

hpi increased 2.2, 2.8 and 3.3 fold in cells transfected with 

pEGFP-C1-miR-101c, pEGFP-C1-miR-155, pEGFP-C1-

miR-223, respectively. At 72 hpi, relative level of RABV 

N mRNA increased 2.5, 2.7 and 4.4 fold in cells 

transfected with pEGFP-C1-miR-101c, pEGFP-C1-miR-

155, pEGFP-C1-miR-223, respectively (Fig. 5A). And the 

expression level of mature miRNAs of miR-101c, miR-

155-5p and miR-223-3p by qRT-PCR were presented in 

Fig. 5B. Consistently, the expression level of three 

miRNAs, miR-101c, miR-155-5p and miR-223-3p, also 

did not increase at 12 and 24 hpi. However, the levels of 

the three miRNAs compared to pEGFP-C1 increased 

1167, 532 and 851 fold at 48 hpi, and 3469, 1148 and 

2037 fold at 72 hpi. These data indicated that the 

recombinant miRNA vectors can expressed eGFP with 

high efficiency in BHK-21 cells and that the increase in 

the levels of N mRNA was consistent with the up-

regulation of the miRNAs, suggesting that an increase in 

N mRNA of the RABV could induce the expression of 

miRNA. 

 

DISCUSSION 

 

miRNA play a critical role in mammals and it has 

been reported that about 30% of mammalian genes are 

regulated by miRNA (Filipowicz et al., 2008). To date, 

thousands of miRNAs have been discovered from a 

variety of species. These miRNAs are complementary to 

the 3' non-coding region of mRNA and regulate 

transcription of hundreds of genes. Many miRNAs are 

associated with host immune response, such as 

development and differentiation of B and T cells, growth 

of neutrophils and mononuclear cells, production of 

inflammatory factors and antibodies (Lindsay 2008; 

Pedersen and David 2008; Tsitsiou and Lindsay 2009; 

Xiao and Rajewsky, 2009). Moreover, miRNAs also play 

key roles in the regulation of viral infection and virulence 

(Ghosh et al., 2009; Zhao et al., 2012a; 2012b). Applying 

artificial microRNA (amiRNA) for targeting a single 

target, the N gene of the RABV resulted in more than 

90% reduction of the viral genome in Neuro2A cells 72 

hpi; however, multiple amiRNAs aimed at single or 

multiple N mRNA targets yielded comparable inhibitory 

outcomes similar to the single amiRNA against perfectly 

matched targets (Israsena et al., 2009). RABV is a 

neurotrophic virus that can infect the neurons of all warm-

blooded animals. Compared with the vaccine strains, the 

histopathological changes of the nervous system caused 

by the street RABV strain were typical. The clinical 

symptoms and histopathological changes are dependent 

on the RABV virulence. Therefore, we explored the 

changes in miRNA expression in mice brain infected with 

RABVs of different virulences. 

In this study, we used a vaccine strain called Flury 

and a street strain, GX01 isolate (from a rabid dog) to 

challenge mice intracerebrally. The brain and spinal cord 

of the infected mice were used to create mRNA libraries 

that were sequenced using Solexa to identify differentially 

expressed miRNAs.  

Zhao et al. (2012a) reported that in mice brains 

infected with an ERA vaccine strain 10 miRNAs were 

significantly up-regulated and 6 miRNAs were 

significantly down-regulated. However, mice brains 

infected with the Fujian street strain had 9 miRNAs that 

were significantly up-regulated and 1 miRNA that was 

significantly down-regulated (Zhao et al., 2012b). More 

importantly, these differentially expressed miRNAs (up- 

or down-regulation) differed completely between the two 

strains. Functional analysis showed that these 

differentially expressed miRNAs could be involved in 

many immune-related signaling pathways, such as Jak-

STAT, MAPK, cytokine-cytokine receptor interactions 

and Fc gamma R-mediated phagocytosis (Zhao et al., 

2012a; 2012b). In addition, a total of 53 miRNAs were 

found to be differentially expressed in RABV-infected 

samples compared with mock samples (Ghosh et al., 

2009; Shi et al., 2014). 

In this study, we performed an experiment to analyze 

the differential expression profile of miRNAs in mice 

brains and spinal cords infected with a vaccine strain 

called Flury and a street isolate termed GX01. Our results 

confirmed that the expressed profile of miRNAs differed 

greatly between the two strains. A large number of 

miRNAs were identified to be up- or down-regulated with 

a fold change ≥2.0 in brain and spinal cord post-infection 

by Flury or GX01 (Table 1). Of the miRNAs with fold 

change ≥3.0, 5 (miR-155-5p, miR-21-3p, miR-21-5p, 

miR-223-3p and miR-223-5p) were induced in the brain 

by both Flury and GX01; 3 (miR-155-5p, miR-223-3p and 

miR-223-5p) were simultaneously induced in brain and 

spinal cord by GX01 (Table 2). Our findings on miRNAs 

differed completely from Zhao and Shi’s reports (Zhao et 

al., 2012a; 2012b; Shi et al., 2014), these miRNAs no one 

the same with Zhao and Shi’s findings, suggesting that 

cause by different virus strain. The data obtained would 

be very helpful to further explore the relationship between 

the miRNAs and viral virulence. 

In this study, the KEGG annotation of the target 

genes of differentially expressed miRNAs found that these 

miRNAs were not only involved in immune-regulated 

pathways, but also involved in many other biological 

processes, including development, metabolism, apoptosis, 

neuroactive processes, and diseases such as cancer. (Fig. 

3). The target genes of differentially expressed miRNAs 

were determined using the miRNA target prediction 

database, miRDB. These analyses provide important 
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insights into the mechanisms of interaction between the 

RABV and the host. 

Sreekumar found that miR-221 was down-regulated 

in human bronchial epithelial cells infected with 

respiratory syncytial virus (RSV). miR-221 was also 

shown to suppress the replication of RSV (Sreekumar et 

al., 2012). Neurotrophin and its receptor tropomyosin-

related kinase A (TrkA) were inhibited following miR-

221 expression during RSV infection. Another 

neurotrophin receptor, p75NTR, is also a receptor for 

RABV. The present study shows that target genes of 

modulated miRNAs were involved in the neurotrophin 

signaling pathway. NTRK2 is a common target of miR-

21-3p and miR-21-5p (Table 1), suggesting that both 

miRNAs might regulate neurotrophin signaling pathway 

during RABV infection. 

In our study three miRNAs, miRNA-155-5p and 

miR-223-3p with fold change ≥3.0 (by Solexa and by 

qRT-PCR), and miR-101c with fold change ≤2.0 (by 

Solexa only), were selected for heterologous expression in 

a eukaryotic expression vector, pEGFP-C1. Surprisingly, 

all three miRNAs increased the yield of RABV N mRNA, 

indicating that these miRNAs could promote transcription 

level of RABV. 

This study has identified a few novel miRNAs 

specific for RABV. Our evidence suggests that the host 

miRNAs could play crucial role in regulating gene 

expression in response to RABV infection in the CNS. 

The miRNAs obtained from RABV -infected brain and 

spinal cord would be useful for further analyzing the 

interaction mechanism between host and RABV infection.  
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