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Human cytomegalovirus (HCMV) can cause congenital diseases and opportunistic infections in immunocompromised
individuals. Its functional proteins and microRNAs (miRNAs) facilitate efficient viral propagation by altering host cell
behaviour. Identification of functional target genes of miRNAs is an important step in studies on HCMV pathogenesis.
In this study, Glutaminyl-tRNA Synthetase (QARS), which could regulate signal transduction pathways for cellular
apoptosis, was identified as a direct target of hcmv-miR-US4-1. Apoptosis assay revealed that as silence of QARS by
ectopic expression of hcmv-miR-US4-1 and specific small interference RNA of QARS can promote cell apoptosis in
HCMV-infected HELF cells. Moreover, viral growth curve assays showed that hcmv-miR-US4-1 benefits the
discharge of infectious virus particles. However, silence of hcmv-miR-US4-1 by its specific inhibitor overturned
these effects. These results imply that hcmv-miR-US4-1 might have the same effects during HCMV nature infection.
In general, hcmv-miR-US4-1 may involve in promoting cell apoptosis and benefiting discharge of infectious virus
particles via down-regulation of QARS in HCMV-infected HELF cells.
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1.

Introduction

Human cytomegalovirus (HCMV) is a ubiquitous betaherpesvirus known to infect a broad range of cell types in
human beings, which contributes to its complex and various
pathogenesis. HCMV infection rate varies from 50% to 70%
of the general population, depending upon the socioeconomic status of the country, population age and geographic
location (Ho 1990; Pfeffer et al. 2004; Staras et al. 2006).
Although a typical HCMV infection is asymptomatic in
healthy population, reactivation of the virus in
immunosuppressed/immunocompromised individuals can
result in serious diseases (Crough and Khanna 2009;
Khoshnevis and Tyring 2002; Whitman et al. 2005).
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Identification of specific viral molecules that are required
for establishment and maintenance of HCMV pathological
activity is still under investigation.
MicroRNAs (miRNAs) are small RNAs that regulate
gene expression by complete or partial base pairing with
the 3′ untranslated region (3′UTR) of their target mRNA,
which leads to cleavage, destabilization or translational repression of mRNA (Fabian et al. 2010). HCMV encodes at
least 26 mature microRNAs (miRNA) from 16 precursors
(Babu et al. 2014). Since the first report on virus expressed
miRNAs in 2004 (Pfeffer et al. 2004), a number of studies
have demonstrated that viral miRNAs are involved in regulation of diverse cellular processes such as proliferation,
differentiation, cell cycle, apoptosis and immune responses
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(Ambros 2004; Kloosterman and Plasterk 2006; Zhao and
Srivastava 2007).
Apoptosis, or programmed cell death, is generally characterized by distinct morphological characteristics such as
cell shrinkage, convolution, pyknosis, and energy-dependent
biochemical mechanisms (Thompson 1995; Afford and
Randhawa 2000; Elmore 2007). HCMV can inhibit apoptosis of host cells through HCMV-encoded immediate early
(IE) genes such as IE1, IE2 (Zhu et al. 1995; Tanaka et al.
1999). On the other hand, HCMV could induce apoptosis
through different mechanisms (Pleskoff et al. 2005; Lee
et al. 2013). Virus-induced apoptosis is involved in both
the disease process and transmission of the virus (O′Brien
1998; Roulston et al. 1999). HCMV miRNAs were reported
to have the ability to modulate cell apoptosis. For examples,
hcmv-miR-UL148D down-regulates IEX-1 expression and
thus results in anti-apoptotic effects (Wang et al. 2013), and
hcmv-miR-US25-1 aggravates the oxidized low-density lipoprotein-induced apoptosis of endothelial cells by targeting
the 5′UTR of BRCA1/BRCA2-containing complex, subunit
3 (Fan et al. 2014). However, the roles of hcmv-miR-US4-1
in modulating cell apoptosis have never been reported.
In the present study it was demonstrated that hcmv-miRUS4-1 aggravates cell apoptosis induced by HCMV infection and benefits discharge of infectious virus particles in
HELF cells via targeting and down-regulating expression of
cellular Glutaminyl-tRNA Synthetase (QARS).
2.
2.1

Materials and methods

Zhu in UMDNJ-New Jersey Medical School, USA (In express). To propagate the virus, HELF cells were inoculated
with Han strain at 1 multiplicity of infection (MOI) and
maintained in MEM supplemented with 2% FBS and penicillin–streptomycin. Then the cell lysate was harvested and
stored at −80°C before use.
2.2

TaqMan assays

To evaluate nature expressions of hcmv-miR-US4-1 and its
isoform hcmv-miR-US4-5p in HCMV-infected cells, HELF
cells were inoculated with Han strain at 0.5 MOI. At 96
hours post infection (hpi), total RNA was isolated from the
HELF cells using mirVana miRNA isolation kit (Ambion,
USA) and treated by TURBO DNA-free™ Kit (Ambion,
USA). Reverse transcription (RT) was performed using
TaqMan miRNA reverse transcription kit (Applied
Biosystems, USA) with specific stem–loop RT primer followed by TaqMan PCR analysis with small RNA-specific
primers of hcmv-miR-US4-1 and small nucleolar RNA
(snRNA) U6 (Applied Biosystems, USA). Quantitative
real-time PCR (qPCR) was carried out to measure the expression of mature hcmv-miR-US4-1, hcmv-miR-US4-5p
and U6 using Universal PCR Master Mix Kit (Applied
Biosystems, USA) and specific TaqMan probes (Applied
Biosystems, USA) following the manufacturer′s instructions. The relative expression levels of hcmv-miR-US4-1
and hcmv-miR-US4-5p were normalized to expression level
of U6 RNA by 2−△△CT method. The measurements were
done in triplicate.

Cell culture and virus
2.3

Human embryonic kidney cells (HEK293) and human embryonic lung fibroblasts cells (HELF) were acquired from
Shanghai Institute for Biological Sciences, Chinese
Academy of Sciences. HEK293 cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 units/ml
penicillin, 100 units/ml streptomycin sulfate. HELF cells
were maintained in Modified Eagle’s Medium (MEM) supplemented with 15% FBS, 100 units/ml penicillin and 100
units/ml streptomycin sulfates. All cell cultures were maintained at 37°C in a 5% CO2 incubator. HCMV clinical strain
Han was isolated from a urine sample of a 5-month-old
infant hospitalized in Shengjing Hospital of China Medical
University. A bacterial artificial chromosome of HCMV Han
strain (HCMV Han BAC) had been constructed with replacement of US1-US9 gene region with the enhanced green
fluorescent protein coding sequence (Zhao et al. 2015) by
cooperation with professor Minhua Luo in Wuhan Institute
of Virology, Chinese Academy of Sciences and doctor Hua
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Hybrid-PCR and BLAST online

Hybrid-PCR was performed as previously described (Huang
et al. 2011) using 3′-Full RACE Core Set (Takara, China).
The hybrid primer (5′-RTCCCCCTGCRCGTCCRTGTC3′) for hcmv-miR-US4-1 was designed according to the
miRNA sequence (5′-CGACAUGGACGUGCAGGG
GGAU-3′). The 'R' in the hcmv-miR-US4-1 hybrid primer
indicates random insertions of adenine (A) or guanine (G).
All Hybrid-PCR products were harvested using Promega
Wizard SV Gel and PCR Clean-up System (Promega,
USA) and cloned into pMD-19T vectors (TakaRa, China).
The recombinant products were then transformed into E. coli
to produce a target pool which should contain specific
sequences of putative target mRNAs that hcmv-miR-US4-1
can bind to. Thirty-five clones were randomly selected and
plasmids in the clones were extracted. Inserted sequences of
the plasmids were sequenced on an ABI 3730 automated
sequencer. The mRNA specific sequences located between
the hcmv-miR-US4-1 hybrid primer and polyA tails were

hcmv-miR-US4-1 promotes cell apoptosis and benefits discharge of infectious virus particles
intercepted and used to identify the putative target genes by
BLAST (http://www.ncbi.nlm.nih.gov/blast).
2.4

Plasmid construction

Sequence of QARS 3′UTR was obtained by reverse transcription PCR (RT-PCR) from RNA of HELF cells using
primers of 5′-CGGACTAGTGCTGGAAGCACTGA
ACCTA-3′ and 5′-CCCAAGCTTTCTAGGAGAAT
TTAGCTG-3′. The purified products were inserted into
SpeI and HindIII sites of the multiple cloning region of the
luciferase reporter construct pMIR (Ambion, USA), resulting in pMIR-QARS UTR. Mutant plasmid, pMIRQARSMUT, with replacement of TGTC by CAGT at the
corresponding binding site of hcmv-miR-US4-1 seed region in the QARS 3′UTR was created using Site-directed
Gene Mutagenesis Kit (Beyotime, China) and primers of
5′-CACCCCAAATTCCACAGTAATAAAGAACAGC
TA-3′ and 5′-TAGCTGTTCTTTATTACTGTGGAATTT
GGGGTG-3′. All constructs were confirmed by DNA
sequencing.
2.5

Luciferase assay

HEK293 cells were cultured in 24-well plates and
cotransfected with 100 ng pMIR-QARS UTR or pMIRQARS MU T together with 100 ng pRL-TK-Renillaluciferase plasmid (Promega, USA) and 100nM hcmvmiR-US4-1 mimics or miRNA negative control. Fortyeight hours later, luciferase activities were measured using Dual Luciferase Reporter Assay System (Promega,
USA) according to the manufacturer′s instructions. All
measurements were done in triplicate. To eliminate the
effects caused by different transfection efficiencies in
each well, signals were normalized against that of the
internal renilla control.
2.6

Western blotting

To analyze whether QARS protein expression is affected by
hcmv-miR-US4-1, HEK293 cells and HELF cells cultured in
60 mm plates were transfected respectively with 100 nM
miRNA negative control, hcmv-miR-US4-1 mimics, hcmvmiR-US4-1 mimics and microFF™ hcmv-miR-US4-1 inhibitor with a ratio of 1 to 2 (RiboBio, china) and 100 nM
siRNA of QARS (Sigma, USA) using Lipofectamine 3000
(Invitrogen, China). Proteins of the transfected cells were
harvested using Mammalian Protein Extraction Reagent MPER (ThermoScientific, USA) at 48 h post transfection
according to the manufacturer′s instructions. The proteins
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were separated on 8% SDS-PAGE gels and transferred onto
polyvinylidene fluoride membranes. The protein levels of
QARS and glyceraldehydes-3-phosphate dehydrogenase
(GAPDH) were detected using specific antibodies of antiQARS (Abcam, USA) and anti-GAPDH (Proteintech, USA),
respectively. Meanwhile, expressions of hcmv-miR-US4-1
in the cells were detected by TaqMan assays as described
above.
To detect whether expression of QARS protein is
influenced by HCMV infection, HELF cells cultured in
60 mm tissue culture plates were inoculated with HCMV
Han strain at a multiplicity of infection (MOI) of 3
infectious particles per cell. At 0 (Mock infection), 24,
48 and 72 h post infection (hpi), proteins were extracted
using M-PER.
2.7

Flow cytometric analysis

HELF cells cultured in 6-well culture plates were first
transfected using Lipofectamine 3000 with 100 nM
miRNA negative control, hcmv-miR-US4-1 mimics,
hcmv-miR-US4-1 mimics and microFF™ hcmv-miRUS4-1 inhibitor with a ratio of 1 to 2 (RiboBio, China),
and 100 nM siRNA of QARS (Sigma, USA), respectively.
Six hours after transfection, the HELF cells were inoculated with HCMV Han strain at 1 MOI and harvested at 48
hpi. After twice washing with PBS buffer, the recovered
cells were analyzed for apoptosis with propidium iodine
staining method using the Annexin V-FITC apoptosis
detection kit (BD, USA) following the procedures outlined
by the manufacturer on a flow cytometer (FACSCalibur;
BD Biosciences, Franklin Lakes, NJ, USA). Meanwhile,
the cells with mock transfection and infection were
detected in parallel. The initial setting of FACS-analysis
was based on the fluorescence from blank cells, single
staining cells with Alexa Fluor® 488 annexin V
(Annexin V-FITC), and single staining cells with propidium iodide (PI), and fine tuning was based on the cell
distributions of the different experimental groups.
2.8

Growth curve analysis

HELF cells grown in 6-well plates were transfected respectively
with miRNA negative control, hcmv-miR-US4-1 mimics,
hcmv-miR-US4-1 mimics and microFF™ hcmv-miR-US4-1
inhibitor with a ratio of 1 to 2 (RiboBio, china), and siRNA of
QARS. 24 h later, the cells were inoculated with HCMV Han
BAC virus. After 2 h incubation, the cells were washed once,
and maintained in MEM supplemented with 2% FBS. At 1 day
post infection (dpi) to 6 dpi, infectious particles in the supernatants were titrated by 50% tissue culture infective dose assay
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Student’s t-test, with P-value of <0.05 considered to be
statistically significant.
3.
3.1

Results

hcmv-miR-US4-1 is highly expressed in HCMVinfected HELF cells

Similar expression level of hcmv-miR-US4-1 was detected
in HCMV-infected HELF cells by TaqMan RT-PCR at 96 h
post infection compared with that of the newly found hcmvmiR-US4-5p (Stark et al. 2012) (figure 1).
3.2

Figure 1. hcmv-miR-US4-1 and hcmv-miRUS4-5p are highly
expressed in HCMV-infected HELF cells. HELF cells were
infected with HCMV Han at 0.5 MOI (multiplicity of infection).
At 96 h post infection (hpi), mature hcmv-miR-US4-1 and hcmvmiR-US4-5p were evaluated by TaqMan assays. The assays were
performed in triplicate. Data from three independent repetitions are
shown as mean ± SE.

(TCID50) by counting the infected cell loci with green fluorescence at 11 days post inoculation.

2.9

Statistics

Data from three independent repetitions of each experiment
were recorded as mean ± SE and used in the statistical
analyses. Statistical significance was determined by

QARS is a direct target of hcmv-miR-US4-1

Eight unique cDNA sequences were obtained from 35
clones of hybrid-PCR. Corresponding original mRNAs
were successfully identified in GenBank (http://www.
ncbi.nlm.nih.gov/GenBank). Detail information regarding
the identified putative target mRNAs of hcmv-miR-US41 is presented in table 1. All putative target mRNAs,
including Homo sapiens QARS mRNA, were from human
genome. Defining the first nucleotide (nt) after the stop
codon of QARS mRNA as nt position ‘1’, a binding site of
hcmv-miR-US4-1 was located from nt 63 to 70 of the
QARS 3′UTR.The same binding site of hcmv-miR-US41 in QARS mRNA 3′UTR was also predicted by
RNAhybrid (http://bibiserv.techfak.uni-bielefeld.de/
rnahybrid/submission.html) with minimum free energy
(mfe) of −28.9 kcal/mol (figure 2A).
To validate whether QARS is a direct target of hcmvmiR-US4-1, luciferase reporter assay and western blot were
performed. As shown in figure 2B, luciferase activity in cells
cotransfected with pMIR-QARS UTR and hcmv-miR-US4-1
showed a significant decrease (40%), compared to that in
cells cotransfected with pMIR-QARS UTR and miRNA

Table 1. Putative targets of hcmv-miR-US4-1 identified by hybrid-PCR
mRNA names
Homo sapiens glucose-6-phosphate isomerase (GPI)
Homo sapiens presenilin associated, rhomboid-like(PARL)
Homo sapiens BR serine/threonine kinase 1 (BRSK1)
Homo sapien membrane protein, palmitoylated 5 (MAGUK p55
subfamily member 5) (MPP5)
Homo sapiens solute carrier family 29 (equilibrative nucleoside
transporter), member 1 (SLC29A1)
Homo sapiens drebrin-like (DBNL)
Homo sapiens glutaminyl-tRNA synthetase, (QARS)
Homo sapiens ST3 beta-galactoside alpha-2,3-sialyltransferase 1,
(ST3GAL1)
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Figure 2. hcmv-miR-US4-1 specifically binds to 3′UTR sequence of QARS and inhibits endogenous QARS expressions in both HEK293
cells and HELF cells. The schematic diagram shows the binding site of hcmv-miR-US4-1 in the 3′UTR of QARS. Defining the first
nucleotide (nt) after the stop codon of QARS mRNA as nt ‘1’, a binding site of hcmv-miR-US4-1 was predicted by RNAhybrid and
selected by Hybrid-PCR to locate from nt 63 to 70 of the QARS 3′UTR (A). The sequences in (B) show the binding site and mutant
nucleotides (Underlined) of hcmv-miR-US4-1 seed region in 3′UTR sequence of QARS. Dual luciferase assay was performed in HEK293
cells cotransfected respectively with the empty PMIR reporter vector (PMIR), the reporter vectors containing the wild-type 3′UTR sequence
of QARS (pMIR-QARS UTR) or mutant 3′UTR sequence of QARS (pMIR-QARSMUT) and miRNA negative control or hcmv-miR-US41 mimics (B). Endogenous expressions of QARS in HEK293 (C) and HELF cells (D) transfected respectively with miRNA negative control
(N), hcmv-miR-US4-1 mimics (M), hcmv-miR-US4-1 mimics and microFF™ hcmv-miR-US4-1 inhibitor (MI) with a ratio of 1 to 2, and
QARS-specific small interference RNA (Si-QARS) were detected by Western blot. Expression levels of hcmv-miRNA-US4-1 in the
HEK293 and HELF cells transfected respectively with miRNA negative control (N), hcmv-miR-US4-1 (M), and hcmv-miR-US4-1 and its
specific inhibitor with a ratio of 1 to 2 (MI), were measured by Taqman assays at 48 h after transfection (E). The assays were performed in
triplicate. Data from three independent repetitions were used for statistical analysis (*p<0.05).

negative control. However, mutation of the hcmv-miR-US41 binding site in the QARS 3′UTR abolished this effect.
Moreover, like that caused by QARS-specific small interference RNA, endogenous expressions of QARS protein in
HEK293 cells (figure 2C) and HELF cells (figure 2D) were
markedly reduced by the over expressed hcmv-miR-US4-1
(figure 2E). The inhibition effect of hcmv-miR-US4-1 on
endogenous QARS expression was disrupted by hcmv-miRUS4-1 specific inhibitor. These data demonstrate that hcmvmiR-US4-1 inhibits QARS expression directly by targeting
QARS 3′UTR.

3.3

Kinetics of the expression of QARS protein and hcmvmiR-US4-1 in HCMV-infected HELF cells

HELF cells were inoculated with HCMV clinical Han
strain at 3 MOI and harvested at 0 (mock infection), 24,
48, 72 and 96 hpi. QARS protein expression levels at
different time points following HCMV infection were
measured by western blot analysis. As shown in
figure 3A, the relative expression level of QARS protein
to GAPDH reached a peak value at 24 hpi. The relative
QARS concentration in HCMV-infected cells collected at
J. Biosci. 41(2), June 2016
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increased gradually as the HCMV-infection process was
prolonged. The relative quantities of hcmv-miR-US4-1 in
HCMV-infected cells at 48 hpi and 96 hpi were 2.5- and 5.4fold to that at 24 hpi, respectively. The expression levels of
QARS in infected HELF cells are negatively related to the
levels of hcmv-miR-US4-1 at different infection points.
3.4

hcmv-miR-US4-1 promotes cell apoptosis via
down-regulation of QARS in HCMV-infected
HELF cells

Previous study showed increased apoptosis rate with
elapsed time in human fibroblast cells infected with
HCMV (Lee et al. 2013). In order to identify whether
hcmv-miR-US4-1 could affect apoptosis in HCMVinfected cells by down-regulating endogenous QARS expression, HELF cells were transfected respectively with
miRNA negative control, hcmv-miR-US4-1 mimics, a
mixture of hcmv-miR-US4-1 mimics and its inhibitor, as
well as siRNA of QARS. Six hours after transfection,
HCMV clinical Han strain was inoculated into the cells.
At 48 hpi, apoptosis of the cells were detected by flow
cytometry. Compared to cells with Mock transfection and
infection (6.45%), apoptosis rate increased in cells
infected with HCMV (10.44%). The apoptosis rates in
cells transfected with hcmv-miR-US4-1 mimics (25.95%)
or QARS-specific small interference RNA (27.95%) was
significantly higher than that with miRNA control
(10.44%). Inhibition of hcmv-miR-US4-1 by its inhibitor
partially blocked the promotion effect of hcmv-miR-US41 on cell apoptosis (15.14%) (figure 4).

Figure 3. Expression of QARS is induced by HCMV infection at
24 hpi and is decreased with the infection process in HELF cells.
QARS protein levels in HCMV-infected HELF cells were detected
at different time points (A). The QARS densitometer values were
normalized by GAPDH values. The QARS protein levels are represented relative to that in mock-infected cells collected at 24 hpi
(B). The kinetics of hcmv-miR-US4-1 expressions were measured
using TaqMan assays. The expression of hcmv-miR-US4-1 could
be detected at 24 hpi and increased gradually as the HCMVinfection process was prolonged (C).

24 hpi was 1.75-fold higher than that in uninfected cells.
In addition, QARS protein levels decreased with infection
process after 24 hpi (figure 3B). The expression of hcmvmiR-US4-1 could be detected at 24 hpi. As shown in
figure 3C, a steep increase of hcmv-miR-US4-1 expression
was observed at 48 hpi. The expression of hcmv-miR-US4-1
J. Biosci. 41(2), June 2016

3.5 Over-expressed hcmv-miR-US4-1 enhances
discharge of infectious HCMV particles from
infected HELF cells
In order to examine whether hcmv-miR-US4-1 could affect
the discharge of infectious virus particles from HMCV
infected cells, the infectious particles of HCMV Han BAC
virus but not HCMV clinical Han strain in the supernatants
collected from infected cells transfected respectively with
miRNA negative control (N), hcmv-miR-US4-1 mimics
(M), hcmv-miR-US4-1 coupled with its inhibitor (MI) and
siRNA of QARS (SI), were detected in HELF cells by
TCID50 assay. The quantities of infectious HCMV BAC
virus in the supernatants were similar in different treated
cells at 1 dpi. However, at 3 dpi, the quantities of infectious
BAC virus in supernatants from the cells transfected with
hcmv-miR-US4-1 (M) and siRNA of QARS (SI) were
about 10-fold to those from cells transfected with miRNA
negative control (N) and hcmv-miR-US4-1 coupled with its
inhibitor (MI) (figure 5). These results demonstrate that
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Figure 4. hcmv-miR-US4-1 promotes cells apoptosis via down-regulation of QARS expression in HCMV-infected HELF cells. HELF
cells were transfected respectively with miRNA negative control (N), hcmv-miR-US4-1 mimics (M), hcmv-miR-US4-1 mimics and
microFF™ hcmv-miR-US4-1 inhibitor (MI) with a ratio of 1 to 2, and QARS-specific small interference RNA (SI). Six hours later, the
cells were infected with HCMV Han strain. At 48 hpi, apoptosis in the cells were detected by flow cytometry. Data from three independent
repetitions were used for statistical analysis. Apoptosis rate in cells transfected with hcmv-miR-US4-1 mimics (25.95%) or QARS-specific
small interference RNA (27.95%) was significantly higher than that in cells transfected with miRNA control (10.44%) or hcmv-miR-US4-1
coupled with its inhibitor (15.14%) (*p<0.05).

discharge of infectious HCMV particles can be enhanced
by overexpressed hcmv-miR-US4-1 through inhibition of
QARS expression.

4.

Discussion

miRNAs have been found to be expressed in a number of
viruses and exert down-regulatory effects on target gene
expressions. Studies on miRNAs may provide further insight into the mechanisms of viral pathogeneses and host
defences. Determination of target genes and analysis of
related functions of a given miRNA have been the new
research highlights.

It has been reported that the mature hcmv-miR-US4 mainly performs as isomiR hcmv-miR-US4-5p (5′UGGACGUGCAGGGGGAUGUCUG-3′) in wild-type
Towne strain (Stark et al. 2012), with 5 nt shift of the seed
region from previous predictions (Grey et al. 2005). While
the deep sequencing gives new annotation of hcmv-miRUS4 in town strain, the author did not rule out the strainspecific issues account for the observed difference in mature
miRNA sequence (Stark et al. 2012). In our study, the
previously reported isoform of hcmv-miR-US4, hcmv-miRUS4-1 (5′-CGACAUGGACGUGCAGGGGGAU-3′) (Grey
et al. 2005), which is the same one as that in recent studies of
Kim et al. (2011) and presented in miRBase 16.0, was
confirmed to be expressed together with hcmv-miR-US4J. Biosci. 41(2), June 2016
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Figure 5. Effects of over-expressed hcmv-miR-US4-1 on discharge of infectious HCMV particles from infected HELF cells.
HELF cells transfected respectively with miRNA negative control
(N), hcmv-miR-US4-1 mimics (M), hcmv-miR-US4-1 mimics and
microFF™ hcmv-miR-US4-1 inhibitor (MI) with a ratio of 1 to 2
(RiboBio, china), and siRNA of QARS (Si) were infected with
HCMV Han BAC virus. At 1 day post infection (dpi) to 6 dpi,
the cell supernatants were collected and inoculated in HELF cells
cultured in 96-well plates at different dilutions. Infectious particles
in the supernatants were titrated by 50% tissue culture infective
dose (TCID50) assay. Results show that the quantities of infectious
HCMV particles in the supernatants from infected cells transfected
with hcmv-miR-US4-1 mimics (M) and siRNA of QARS (Si) were
significantly higher than those from cells transfected with miRNA
negative control (N) and hcmv-miR-US4-1 coupled with its inhibitor (MI) at 3 dpi to 6dpi (p<0.05).

5p in HCMV Han strain infected HELF cells by TaqMan
qPCR (figure 1). The TaqMan qPCR used in this study is
specific for mature miRNA and can discriminate between
related miRNAs that differ by as little as one nucleotide and
is not affected by genomic DNA contamination (Chen et al.
2005; Schmittgen et al. 2008). All of the evidence points to
hcmv-miR-US4-1 (5′-CGACAUGGACGUGCAGG
GGGAU-3′) and hcmv-miR-US4-5p (5′-UGGA
CGUGCAGGGGGAUGUCUG-3′) are both expressed in
HCMV Han strain.
To date, prediction of viral miRNA targets has been
particular challenge due to the complex prediction algorithms (Rajewsky 2006) and the high false-positive rate
(Baek et al. 2008). The hybrid-PCR method used in our
study has been proven to be a useful experimental method
for screening putative target genes of any known miRNA
(Huang et al. 2011). In this study, the cellular target gene,
QARS, was selected as a candidate target of hcmv-miRUS4-1 by hybrid-PCR and was further identified to be the
direct target of the miRNA by dual luciferase assay and
Western blot experiments. The reported target gene,
ERAP1b, of hcmv-miR-US4-1 (Kim et al. 2011) was not
selected by hybrid-PCR because only a limit numbers of
J. Biosci. 41(2), June 2016

clones were selected and analysed from the target pool in
this study.
As a member of aminoacyl-tRNA synthetases (ARSs),
QARS has been demonstrated to play a critical role in
cell apoptosis (Rhoads et al. 2000; Ko et al. 2001;
Rhoads et al. 1997), and could play antiapoptotic role
by blocking apoptosis signal regulating kinase 1 (ASK1)
in a Caspase-dependent signalling pathway (Ko et al.
2001). Furthermore, a growing number of studies suggest that several HCMV-encoded miRNAs may modulate
cell apoptosis. It has been reported that hcmv-miRUL148D can down-regulate IEX-1 expression and thus
results in anti-apoptotic effects (Wang et al. 2013), and
hcmv-miR-US25-1 aggravates the oxidized low-density
lipoprotein-Induced apoptosis of endothelial cells by targeting the 5′UTR of BRCA1/BRCA2-containing complex, subunit 3 (Fan et al. 2014). In this study, hcmvmiR-US4-1 was demonstrated to promote cell apoptosis
in HCMV-infected HELF cells via down-regulation of
QARS. The kinetics of the QARS protein and hcmvmiR-US4-1 expressions in HCMV-infected HELF cells
showed a negative correlation between them (figure 3),
suggested that hcmv-miR-US4-1 may play the similar
role in HCMV nature infection as that found in this
study.
Furthermore, virus-induced apoptosis was considered to
benefit the discharge of infectious virus particles and spreading of virus progeny to neighbouring cells (O′Brien 1998;
Lee et al. 2013). The growth kinetics of HCMV revealed
that infectious particles in the supernatants from BACvirus-infected cells were obviously increased by overexpression of hcmv-miR-US4-1 and siRNA of QARS at 72
hpi. It has been reported that hcmv-miR-US4-1 is not
required for virus replication in cell culture (Dunn et al.
2003; Grey et al. 2005; Stern-Ginossar et al. 2009). The
BAC virus was constructed with mutations of US1-US9
gene region (Zhao et al. 2015), and deletion of hcmv-miRUS4-1 expression may not affect virus replication, which
is coincident to the results of above studies. Based on the
functions of QARS in promotion of cell apoptosis in
HCMV-infected cells and discharge of HCMV infectious
particles from infected cells in our study, it could be
assumed that promotion discharge of HCMV infectious
particles by high level of hcmv-miR-US4-1 is probably
mediated by higher apoptosis rate due to lower expression
of QARS in infected cells. Results of this study just
indicate one possible way that hcmv-miR-US4-1 benifits
the discharge.
In conclusion, hcmv-miR-US4-1 has the ability to promote cellular apoptosis by down-regulation of QARS and
benefit the discharge of HCMV infectious particles in
HCMV-infected HELF cells. These findings provide new
insight into biological function of hcmv-miR-US4-1, and

hcmv-miR-US4-1 promotes cell apoptosis and benefits discharge of infectious virus particles
may help to understand the interactions between virus and its
host cells during infection.
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