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Abstract: Herpes simplex virus 1 (HSV-1) microRNAs (miRNAs) mostly located in transcription-associated tran-
script (LAT) region have been identified that play critical roles in the intricate host-pathogen interaction networks. 
Increasing evidences throw new insight into the role of miRNA-mediated miRNA-mRNA cross-talk in HSV-1 latent 
or acute infection. In the present study, we found that hsv-1 miR-H4-5p (here termed as miR-H4b) can down-regu-
late the expression of cyclin-dependent kinase inhibitor 2A (CDKN2A, p16) in neuroblastoma (SHSY5Y) cell lines. 
Decreased expression of miR-H4b was directly related to attenuated cell proliferation and invasion as well as mal-
function of cell cycle in recombinant SHSY5Y cells that stably expressing miR-H4b. Bioinformatics analysis and lu-
ciferase assays demonstrated miR-H4b can directly target p16 mRNA. MiR-H4b exerts its pro-proliferation function 
through inhibition of the p16-related PI3K-Akt pathways. Our findings provide, for the first time, significant clues 
regarding the role of herpesvirus-encoded miRNAs as a viral modulator to host cells.
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Introduction

Viral miRNAs are small RNA molecules which 
have recently gained widespread attention as 
critical regulators in host-pathogen interaction 
networks [1]. These miRNAs regulate transla-
tion of messenger RNA (mRNA) also by binding 
to it depending on the extent of sequence com-
plementarity with the target [2]. So far, more 
than 140 herpesvirus-encoded miRNAs have 
been identified. Modest initial reports have 
experimentally validated these miRNAs targets. 
Moreover, most of these herpesvirus-encoded 
miRNAs have been shown to target either viral 
gene mRNA or cellular gene binding sites, 
except for miR-UL112-1 encoded by HCMV 
which can target both immediate-early transac-
tivator of viral genes and cellular NK cell ligand 
gene [3, 4].

A hallmark of herpesvirus biology is their ability 
to establish lifelong latency in the host nervous 
system and reactivate in the area served by 

these sensory neurons [5]. The noncoding 
latency-associated transcript (LAT) plays a cru-
cial role partly via LAT-encoded miRNAs in 
maintaining latent infection and reactivation 
[6]. However, the specific regulatory mecha-
nisms of most HSV-encoded miRNAs are still 
unknown [7]. Deciphering the role of these viral 
miRNAs require the identification of corre-
sponding targets and experimentally verified 
[8]. 

HSV-1 miR-H4-5p briefly termed as miR-H4b 
was sliced from 5’ arm of microRNA precursor. 
We confirmed miR-H4 can efficiently target  
the expression of infected cell protein 34.5 
(ICP34.5). But whether this miRNA can regulate 
cellular gene expression is currently not known. 
Here, we determined that a cyclin-dependent 
kinase inhibitor 2A named as p16 is downregu-
lated in SHSY5Y cells by miR-H4b, and we found 
an inverse correlation between the levels of 
miR-H4b and p16 protein. MiR-H4b directly tar-
gets the 3’-UTR of the p16 transcript that relat-
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ed to cell proliferation, invasion and cell cycle. 
MiR-H4b mediates its proliferation activator 
function, at least in part, by regulating PI3K-
AKT pathway. 

Materials and methods

Construction of recombinant plasmid

To construct a plasmid expressing miRNA-H4b, 
a fragment containing miRNA-H4 precursors 
was amplified from HSV-1 strain 17syn+ genom-
ic DNA. For miR-H4b overexpression, the ampli-
fied fragments were then cloned into a 
pcDNA3.0 vector, which is here termed pcDNA/
H4b. The empty vector was used as the blank 
control. Scrambled miRNAs were inserted  
into pcDNA3.0 in the same way and  
termed as pcDNA/NC. Scramble sequences: 
GGTACTGCAAAGTTCTCAA TGC. To construct 
wild 3’-UTR reporter plasmids (luc-wild), the 
3’-UTR fragments of human p16 mRNA contain-
ing the putative miR-H4b binding sites were 
amplified from 5Y cDNA, and cloned into the 
Kpn I  and Hind III sites of the firefly luciferase 
vector (Promega, U.S.). Similarly, for luc-mut 
vectors, in which six-point-mutations were intro-
duced into the seed regions of the miRNA-H4b 
binding sites as a mutant control, primers of 
the seed sequences were mutated and ampli-
fied using a PCR approach. Empty luciferase 
vectors were inserted into luciferase vector  
to construct negative control (psi-CHECK, 
luc-NC).

Cell lines, cell transfection and infection

This study employed human neuroblastoma 
cell line SHSY5Y which obtained from medical 
laboratory department of our hospital. 
SHSY5Y4b cells stably expressing miR-H4b 
were established after recombinant plasmids 
pcDNA/H4b were transfected into cultured 
SHSY5Y cells and screened by G418 as refer-
ences in our laboratory. Control vector express-
ing a scrambled miRNA were tansfected into 
SHSY5Y cells and selected with 400 mg/l G418 
to generate a negative control (5YNC) cell line. 
SHSY5Y was nominated as 5Y cell here and 
SHSY5Y4b cell line containing miR-H4b precur-
sor sequences was briefly named as 5Y4b for 
conveniences. All cell lines, including 5Y, 5Y4b, 
HEK 293, were grown in Dulbecco’s Modified 
Eagle’s medium (DMEM, GIBCO) supplemented 
with 10% fetal calf serum (FCS) and 100 U/ml 

penicillin-streptomycin. All cells were main-
tained at 37°C under an atmosphere of 5% 
CO2. The inhibitors antimiR-H4b (anti-4b) and 
its negative control of scrambled nucleotides 
(anti-NC) chemically synthesized were also 
transfected into 5Y4b cells using Lipofectamine 
2000 (Invitrogen) to establish stable miR-H4b 
knockdown model.

Quantitative RT-PCR analysis (qPCR)

Total RNAs were extracted from cells with TRIzol 
reagent (Invitrogen). For the detection of rela-
tive expression of miR-H4b and p16 mRNA, 
cDNA was synthesized according to the manu-
facturer’s instructions of reverse reaction kit 
(Promega). QPCR reactions were performed by 
means of a qSYBR-green-containing PCR kit 
(Invitrogen), and β-actin was used as an endog-
enous control for miRNA detection. Expression 
of each gene was quantified by measuring  
cycle threshold (Ct) values using the 2-ΔΔCt 
method.

MTT assay for assessment of cell proliferation 

Approximately 0.5 g/L tetrazolium MTT (3- 
(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazo-
lium bromide) was added into the cells cultured 
in 96-well microtitre plates at a concentration 
of 5×104 cells per well. Following 0 h, 24 h, 48 
h, 72 h of culture after anti-4b and anti-NC 
transfection, cells were incubated with 150 ml 
of MTT for 4 h in a 37°C incubator with 5% CO2. 
The absorbance at 490 nm was measured 
using automatic thermo Scientific Multiskan FC 
multifunctional enzyme-labeled instrument 
(thermo fisher).

Cell proliferation assay

After transfection of indicated inhibitors, cells 
in different groups were plated into six-well 
plates at the desired cell concentrations. 
Following 0 h, 24 h, 48 h and 72 h of culture, 
cell counts were estimated by trypsinizing the 
cells and performing analysis in triplicate with a 
Coulter counter (Beckman Coulter, Fullerton, 
CA).

Cell invasion assay

At 48 hours post transfection, cells were seed-
ed onto the basement membrane matrix (EC 
matrix, Chemicon, Temecula, CA) present in the 
insert of a 24-well culture plate. FBS was added 
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to the lower chamber as a chemoattractant. 
After a further 48 hours, the non-invading cells 
and EC matrix were gently removed with a cot-
ton swab. Invasive cells located on the lower 
side of the chamber were stained with Crystal 
Violet, air-dried and photographed.

Luciferase assay

Luciferase reporter assays were performed 
using the dual luciferase reporter assay system 
(Promega) according to the manufacturer’s 
instructions. Luc-wt, Luc-mut and Luc-NC were 

Figure 1. miR-4b promotes cell proliferation, invasion and cell cycle progression. A. qPCR analysis of the expression 
levels of miR-H4b in 5Y or 5Y4b cells. Anti-4b nucleotides were transfected into 5Y4b cells to detect its downregula-
tion role on miR-4b. The expression values of β-actin are set at 1 and the relative expression levels of miR-H4b were 
determined by using the 2-ΔΔCt method. B. Proliferation of 5Y4b cells was measured by cell counting assay after 
transfecting either anti-4b or scramble anti-NC. The cell proliferation was determined by cell counting 0, 24, 48 and 
72 h following transfection. The results are presented as the mean number of cell lines at different time points. The 
experiment was performed in triplicate. Anti-4b interfering RNA decreased the proliferation capacity of 5Y4b cells. C. 
Cell viability was measured by the MTT assay post 0 h, 24 h, 48 h, 72 h of transfection. The histogram shows mean 
values of A490 from three independent experiments. Anti-4b or anti-NC were transfected into 5Y4b cell separately. 
Compared to 5Y4b cells, cell viability of 5Y cells and 5Y4b cells with anti-4b was dramatically decreased. *P<0.05. 
D. The proportion of 5Y4b cells stayed in S-phase was lager than 5Y cells. 5Y4b cells transfected with anti-4b or 
anti-NC were subjected to cell cycle analysis. *P<0.05. **P<0.01. E. miR-4b increased the invasive capacity of 5Y 
cells. 5Y cells, 5Y4b cells transfected with anti-4b or anti-NC were loaded into the Matrigel-coated upper chambers 
of Transwell plates. Cells were counted under a microscope in five random fields at ×200 magnification. F. The 
compelling number of invaded cell was illustrated in histogram. *P<0.05, 5Y4b cells vs. 5Y4b cells with anti-4b.
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constructed as indicated methods above. Luc-
wt, Luc-mut and Luc-NC were co-transfected 
with pcDNA/H4b or pcDNA/NC into Heck cells. 
In addition, Luc-wt was cotransfected with miR-
H4b inhibitor into Heck cells. Luciferase activity 
was measured in cell lysates 48 hours after 
transfection. Results were normalized against 

Renilla luciferase activity, which were per-
formed at least three times.

Flow cytometry analysis

Cells (5Y4b or 5Y) transfected for 48 h with 
inhibitor were harvested and then stained with 

Figure 2. CDKN2A is target of miR-H4b. A. MiR-H4b target site resides at nucleotides of the p16 3’-UTR. Binding 
sites are indicated in red letters and the corresponding mutants are labeled in a solid line. All the complementary 
pairing bases are indicated in the vertical curve. B. Luciferase activity assay for direct targeting of the 3’-UTR of 
p16 by miR-H4b. Two copies of wild-type and mutant miR-H4b target sequences of p16 were fused with luciferase 
reporter and respectively co-transfected into HEK 293 cells with recombinant plasmid containing miR-4b precursor, 
and luciferase activity measured 48 hours post transfection. **P<0.01. C. P16 mRNA levels analyzed in 5Y4b cells 
tranfected with anti-4b by qRT–PCR; D. P16 protein levels analyzed by western blot. P16 expression was lower in 
5Y4b with or without anti-NC cells compared with 5Y or 5Y4b cells with anti-4b. Similar results were observed in 
cells cotransfected with siRNA for p16 into 5Y cells. E. Promoting proliferation ability of miR-H4b mediated by inhib-
iting target genes p16. The cell viability of 5Y4b cells added with either NVP-BEZ235 at 1 nM for 60 h or pcDNA/
p16 plasmids (without 3’-UTR binding sites) was much lower than that of 5Y4b cells or 5Y cells with siRNA for p16. 
F. Proliferation of cells in different groups was measured by cell counting assay. NVP-BEZ235 and pcDNA/p16 in 
5Y4b cells can effectively decrease the proliferation capacity compared to 5Y cells with si-p16. G. PcDNA/p16 and 
NVP-BEZ235 rescued the uncontrolled cell cycle, and 5Y4b cells or 5Y cells with si-p16 showed a higher proportion 
of cells in s phase than other groups. **P<0.01.
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200 μl for 20 min as Guava Cell Cycle Reagent 
Kit (Millipore) instructions. Analysis of cell cycle 
analysis was performed according to the manu-
facturer’s protocol. Flow cytometry analysis 
was performed using the Beckman Coulter flow 
cytometer and EXPO32 software (Beckman).

Western blotting

Western blotting was carried out as described 
previously [9]. Anti-p16 antibody was obtained 
from Sigma-Aldrich. Antibodies against β-actin, 
CDK4, CDK6, AKT, GSK3β, phosphorylated 
CDK4 and CDK6, phosphorylated AKT, phos-
phorylated GSK3 band antibodies were 
obtained from Cell Signaling Technology. 
β-actin was used as internal control.

Statistical analysis

Student’s unpaired t-tests were used to assess 
statistical significance. Data are expressed as 
means ± S. E. M. P<0.05 was considered sta-
tistically significant.

Results

miR-H4b promotes cell proliferation, invasion 
and boost cell cycle in S phase in 5Y4b cell 
lines 

We establish a new cell line 5Y4b stably 
expressed high level of miR-H4b contrast to 
5YNC cells and 5Y cells after HSV-1 infection 
using qPCR detection (Figure 1A). To investi-
gate whether anti-4b can suppress the expres-
sion of miR-H4b, after transfecting of anti-4b 
into 5Y4b cells, the level of miR-4b expression 
in 5Y4b was reduced dramatically compared 
with the level of expression without inhibitors 
(Figure 1A). 

The effects of miR-H4b on cell growth, invasion 
and cell cycle were determined via several 
assays. Transfection of anti-4b significantly 
reduced cell proliferation in 5Y4b cell lines, 
compared to control transfections of anti-NC 
(Figure 1B). There was no significant difference 

Figure 3. miR-H4b inhibits PI3K-AKT and mTOR pathways by targeting p16. A. miR-H4b overexpression reduced the 
activity of PI3K and mTOR pathways in 5Y4b cells. Knockdown of miR-H4b by anti-4b increased the activity of PI3K 
and mTOR signaling in 5Y4b cells. PcDNA/p16 plasmids were transfected into 5Y4b cells to investigate whether 
re-expression of p16 can rescue these effects. PI3K-AKT-(GSK-3β)-mediated pathway activity was measured by 
examining expression of phosphorylated AKT (pAKT), phosphorylated PI3K and phosphorylated GSK3β (pGSK3β), 
whereas PI3K-AKT-mTOR pathway activity was measured by examining expression of mTOR and phosphorylated 
mTOR. Protein level of phosphorylated CDK4 decreased in 5Y4b cells after transfecting with anti-4b. B-C. The bar 
chart showed the ratio of Akt or pAkt and CDK4 or pCDK4 to β-actin at each group. These data are means ± SEM. 
(n=3, *P<0.05, **P<0.01). D. Schematic regulation of hsv-1 miR-H4-5p on PI3K-Akt pathway and Akt-mediated 
mTOR pathway. Arrows means promopting effect, and T type arrow means inhibiting effect on downstream.
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in levels of proliferation ability to cells trans-
fected with anti-H4b and 5Y cells without treat-
ment. MTT assay confirmed that transfection of 
anti-4b can effectively decreased cell activity 
than other control groups (Figure 1C). The 
effects of miR-H4b on cell invasion were deter-
mined with the Matrigel-based transwell inva-
sion assay. 5Y4b cells treated with anti-4b 
inhibitors were distinctively less migratory than 
cells transfected with anti-sn and similar to 5Y 
cells with no treatment (Figure 1E, 1F). 
Additionally, a lager proportion of 5Y4b cells 
stayed in S phase than 5Y cells, and anti-4b 
can effectively reduced this ration (Figure 1D).  

miR-H4b directly targets and inhibits p16 ex-
pression

To explore the function of miR-H4b, three com-
putational algorithms, Target Scan, RNAhybrid 
and miRanda, were used to search for potential 
miR-H4b cellular target genes and a large num-
ber of different target genes were predicted 
[10]. Among these candidate target genes, 
P16, which was predicted by all three algo-
rithms, attracted our attention immediately. 
P16 is a master regulator and is known to be 
essential in regulating cell growth, proliferation, 
carcinogenesis and cell cycle. 

The ability of miR-H4b to regulate the 3’UTR 
region of p16 mRNA was evaluated via lucifer-
ase reporter assay. HEK 293 cells, which have 
been identified did not express miR-H4b (data 
not shown), were used to verify this effect. 
There was perfect base pairing between the 
seed sequence of mature miR-H4b and the 
3’-UTR of p16 mRNA (Figure 2A). The 3’UTR tar-
gets sites of p16 were cloned into psiCHECK-
2-control vector, downstream of a luciferase 
minigene. We observed that addition of pcDNA/
H4b plasmids, but not pcDNA/NC including 
scramble control, dramatically suppressed the 
luciferase activity upon co-transfection of the 
luciferase vector (wild-type, mutant or negative 
control), demonstrating specificity of the target 
sequence for p16 (Figure 2B). The ability of 
miR-H4b to influence the endogenous p16 
mRNA and protein were also tested in 5Y cells. 
Western blotting and qPCR assay showed that 
p16 mRNA and protein were greatly decreased 
in 5Y4b cells than those transfected with anti-
4b and cells without any treatment (Figure 2C 
and 2D). These findings are consistent with D 

Niederacher et.al report that inactivation of 
p16 could lead to uncontrolled cell growth [9].

Transfection of pcDNA/P16 contributed to at-
tenuate uncontrolled cellular behavior

Transfection of p16-encoding vector in 5Y4b 
cells rescued the abnormal level of p16 to 
investigate the whether introduction of p16 can 
suppress uncontrolled biological function. Cell 
proliferation assay, cell invasion assay and flow 
cytometry analysis were also performed at 60 h 
after transfection. In 5Y4b cells, in vitro overex-
pression of p16 we found that the effect of miR-
H4b was partially attenuated and cell invasion, 
proliferation and cell cycle were inhibited 
(Figure 2E-G). These data confirmed that the 
pro-proliferation effect of miR-H4b was medi-
ated by inhibiting target genes p16. 

To investigate the biological functions of p16 in 
5Y cells, we determined whether inhibition of 
p16, similar to miR-H4b overexpression, pro-
moted 5Y4b cell invasion, proliferation. In 5Y 
cells, knockdown of p16 promoted cell inva-
sion, cell growth and cell cycle progression. To 
further test this, we transfected 5Y cells with 
siRNA for p16 mRNA and found that the capac-
ity of cell invasion, proliferation and cell cycle 
progression was advanced. Additionally, NVP-
BEZ235 was added into 5Y4b cells to explore 
the potential signaling pathway of this effect. 
Similar to those in 5Y4b cells with anti-4b, the 
effect of miR-H4b promoting effect was partial-
ly attenuated by NVP-BEZ235 (Figure 2E-G). 
NVP-BEZ235 is well-known as an effective 
activity inhibitor of PI3K and Mtor [11]. These 
data confirmed that the promoting effect of 
miR-H4b was mediated by inhibiting target 
genesp16 and may involve in PI3K signaling 
pathway.

miR-H4b inhibits the PI3K-AKT pathways

P16 protein acts as a negative cell cycle regula-
tor which can bind to CDK4 and prevents the 
association of CDK4 with cyclin D1 [12]. 
Phosphorylation of substrates essential for G1 
transition of the cell cycle and cell growth is 
subsequently inhibited [13]. Inactivation of the 
CDKN2A gene may therefore lead to uncon-
trolled cell growth. P16 activation can trigger 
several important signaling pathways, such  
as the PI3K-AKT, p14ARF-mdm2-p53 and 
p16INK4a-CDK4 (CDK6)-pRb pathways, most 
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of which regulate cell proliferation, invasion 
and apoptosis [14]. Therefore, we investigated 
the possibility that miR-H4b regulates those 
pathways by targeting p16. Downregulation of 
miR-H4b, through transfection of anti-4b, in 
5Y4b cells decreased the phosphorylation lev-
els of PI3K and its downstream target Akt 
(Figure 3A, 3B). We also observed that overex-
pression of miR-H4b, through transfection of 
miR-H4b mimics; in 5Y cells increased the lev-
els of phosphorylated AKT and GSK-3β (Figure 
3A). These western blotting results demon-
strated that miR-H4b is negative regulator of 
PI3K pathways. Subsequently, rescue experi-
ments were performed by overexpressing the 
p16 vector (without an endogenous 3’-UTR) in 
5Y4b cells: 5Y4b cells were first transfected 
with p16-encoding vector. The miR-H4b-
induced downregulation of P16 was rescued 
upon the introduction of P16, and the phos-
phorylation levels of AKT and mTOR were 
altered in a similar manner. The downregulation 
of phosphorylated AKT and phosphorylated 
mTOR by miR-H4b could be rescued by re-
expression of P16. These observations suggest 
that miR-H4b inhibits the PI3K-AKT and mTOR 
pathways by targeting P16.

Discussion

The major causes of refractoriness from her-
pes simplex are complications arising from 
latency [15]. During recent years, HSV-encoded 
miRNAs have been found to involve in a series 
of biological processes of herpesvirus-host 
interaction, providing a new perspective on the 
mechanism of latent infection. Both HSV-1 and 
HSV-2 are neurotropic virus and only non-cod-
ing latency-associated transcript are easily 
detected during latent infection [16]. Most miR-
NAs are located within this region and have 
been demonstrated closely related to the 
establishment of latency and recurrence. 
Herpesviruses establish infections that persist 
for the life of the host via by regulating itself or 
host genes expression, an intricate balance 
therefore exists between host immune surveil-
lance and virus immune evasion [17]. Recently, 
four miRNAs were identified in HSV-1 LAT and 
three in HSV-2 LAT. In HSV-1, miR-H2 is anti-
sense relative to ICP0, whereas both miR-H3 
and miR-H4 are antisense relative to ICP34.5 
[18]. Based on this antisense positioning it was 
predicted that LAT-encoded miRNAs might tar-

get these genes, but only miR-H2 has been 
shown experimentally to repress ICP0 protein 
production [15]. Targeting of ICP0 in HSV-2 was 
also confirmed experimentally for miR-H2 that 
is antisense relative to ICP0. Whether these 
miRNAs also target host genes in a seed-
sequence specific fashion is currently not 
known [19, 20]. Therefore, we believe more 
effort should be made, not only towards the 
identification of relevant miRNAs but also into 
the specific mechanisms by which they accom-
plish their specific functions.

Considering barely detectable expression level 
of miR-H4b in guinea pig dorsal root ganglia 
during latent infection, pcDNA/H4b plasmids 
were transfected into neuroblastoma cells 5Y 
and recombinant cells were screened by G418 
to establish overexpression model [21]. We 
used invasion assay, cell proliferation assay 
and flow cytometry analysis to observe the dif-
ferences of biological behavior. In 5Y4b cells, 
the increase in ability of cell proliferation and 
invasion as well as the proportion of cells 
stayed in S phase was several times greater 
than that in 5Y cells or 5Y4b cells with miR-H4b 
inhibitor. The levels of miR-H4b were found to 
be positively correlated to proliferation and 
invasion, implying that potential cellular genes 
may be regulated by miR-H4b.

To explore the possible targets of miR-H4b in 
nerve cells, different computational algorithms 
were used to predict the potential target. 
CDKN2A as a candidate target of miR-H4b 
attracted our attention immediately for its regu-
latory role in cell growth and apoptosis, which 
was further confirmed in luciferase activity 
assays and miR-H4b-mediated p16 expression 
analysis. The luciferase activity assays demon-
strated that miR-H4b could bind to the 3’-UTR 
of p16 mRNA. When we transfected miR-H4b 
inhibitors into 5Y4b cell an inverse biological 
behavior of invasion, cell growth and cell cycle 
were observed.  Introduction of overexpression 
can rescue aberrant cell properties. CDKN2A 
gene inactivation is involved in the tumorigen-
esis of ovarian cancer. Importantly, we know 
CDKN2A gene can encode two regulatory pro-
tein p16INK4a and p14ARF which have been 
known involved in cellular bioprocess via 
cyclinD-CDK4/6-pRb-E2F and p14ARF-mdm2-
p53 pathways [22, 23]. Binding of p16 to CDK4 
prevents the association of CDK4 with cyclin 
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D1, and p16 acts as a negative regulator in 
cyclin D-dependent CDK4/6-pRb-E2F feedback 
regulation [24]. On the other hand, downregula-
tion of p14ARF will directly cause the degrada-
tion of p53 protein well-known as tumor sup-
pressor. Phosphorylation level of Rb and the 
level of p53 expression were verified and con-
sisted with previously report. 

Activation of the p16 signal has been well docu-
mented in various cancer cells. Besides 
CDK4/6-pRb-E2F and p14ARF-mdm2-p53 
pathway, PI3K-AKT is the best typical pathway 
downstream of p16 [25]. The ability to target 
CDKN2A transcripts signifies that miR-H4b 
might be a potential regulator of PI3K-AKT 
pathways in 5Y cells. Our results demonstrated 
that miR-4b can inhibit the phosphorylation of 
PI3K, Akt, mTOR and GSK-3β, whereas expres-
sion of exogenous p16 (without an endogenous 
3’-UTR) can rescue this inhibition. CCND1 pro-
tein is a key regulator to control the entering of 
cell cycle into S phase. mTOR protein was also 
included in this study as a downstream regula-
tor of Akt, which it controls cell proliferation and 
invasion. These results were consistent with 
the effect of NVP-BEZ235 on 5Y4b cells and 
further demonstrating that the promoting 
effects of miR-H4b affect cellular behavior via 
PI3K-Akt pathway [26].

It is increasingly clear that viral miRNAs can 
positively or negatively influence viral replica-
tion. Viral miRNAs can directly affect host phys-
iology by restricting cellular gene expression to 
reshape cellular environment for virus replica-
tion or latency [8, 27]. Here, our findings sug-
gest that miR-H4b functions as cell cycle pro-
moter, affecting 5Y cell proliferation and inva-
sion by targeting p16 and subsequently sup-
pressing downstream AKT and mTOR signaling 
pathways. Although low expression level of 
miR-H4b can not obviously affect pathological 
processes in nerve cells during HSV-1 infection, 
some functions of miR-H4b in infected cells will 
undoubtedly turn out to be important for virus 
replication or the establishment of latency in 
vivo and may therefore become targets for ther-
apeutic intervention.
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