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ABSTRACT
A previous study reported that miR-155-5p knockout mice were more resistant to herpes simplex
virus type I (HSV-1) infection. However, the exact underlying molecular mechanism remains to be
elucidated. Here, we demonstrated that HSV-1 infection upregulates miR-155-5p expression. By
binding to the promoter of serine/arginine-rich splicing factor 2 (SRSF2), which is an important
transcriptional activator of HSV-1 genes that was previously reported by our group, and altering
the histone modification located near the transcription start site (TSS) of the SRSF2 gene, miR-155-
5p promotes the transcription of the SRSF2 gene, ultimately increasing viral replication and viral
gene expression. Our results provide insight for an understanding of the roles and molecular
mechanism of miR-155-5p in HSV-1 replication and the epigenetic control of SRSF2 gene
expression.
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Introduction

Herpes simplex virus type I (HSV-1) infection is
widespread worldwide [1]. Epidemiological inves-
tigations have shown that HSV-1 infection has
exceeded Herpes simplex virus type II (HSV-2)
infection in becoming the main cause of genital
herpes [2]. Additionally, HSV-1 infection has been
reported to be closely related to Alzheimer’s dis-
ease [3,4] and can lead to encephalitis and even
death [5]. HSV-1 is a human alpha herpesvirus
that contains a double-stranded DNA that encodes
more than 80 genes transcribed by RNA polymer-
ase II (RNAP II) [6]. After infection, HSV-1 uses
a series of host cell factors, such as Host cell factor
1 [7,8], DNA methyltransferase DNMT3A [9] and
early growth response protein 1 [8], to facilitate its
life cycle. Specifically, several cellular microRNAs
(miRNAs) have been identified to be involved in
HSV-1 infection [10–13].

MiRNAs are small noncoding RNAs with a length
of approximately 22 bp that have been reported to be
associated with a variety of fundamental biological

and pathological processes, such as cell autophagy,
proliferation, apoptosis, differentiation, metabolism
and cancer [14–19]. By recruiting Argonaut protein
complexes to bind the 3’UTR of mRNAs, miRNAs
promote the degradation, inhibition or promotion of
the translation of these mRNAs [20–22]. Of these
miRNAs, miR-155-5p is among the best character-
ized miRNAs. Under hypoxic conditions, upregu-
lated miR-155-5p was demonstrated to induce
autophagy by regulating the expression of several
autophagy-related genes [23]. In tumor cells,
miR-155-5p functions as a promotor of proliferation
in oral squamous cell carcinoma [24] and bladder
cancer cells [25]. In addition, researchers have found
that miR-155-5p mediates T lymphocyte differentia-
tion [26] and inhibits cell apoptosis [27]. In patho-
genesis, miR-155-5p is associated with many
diseases, such as cancer [28,29], cardiovascular dis-
ease [30], autoimmune disease [31], metabolic dis-
ease [32], and neurological disorders [33]. During
HSV-1 infection, several studies have shown that the
expression level ofmiR-155-5p ismarkedly increased
by the viral infection [34,35]. However, to date, the
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effect of miR-155-5p on HSV-1 replication and the
underlying molecular mechanism are unclear
[36,37].

In the current study, we found that HSV-1 infec-
tion increases the expression level of miR-155-5p
and upregulated miR-155-5p, in turn, enhances
HSV-1 replication. Furthermore, miR-155-5p was
revealed to be involved in the HSV-1 infection-
mediated induction of serine/arginine-rich splicing
factor 2 (SRSF2), which is an important transcrip-
tional activator of viral genes expression that we
have previously reported [38]. By interacting with
the SRSF2 promoter, miR-155-5p alters the histone
modification located near the TSS of the SRSF2
promoter and enhances the transcription of the
SRSF2 gene, ultimately increasing HSV-1 gene
expression. These findings provide insight into the
transcriptional activity of miRNAs and broaden our
views concerning the mechanisms by which gene
expression is regulated by miRNAs.

Results

miR-155-5p enhances HSV-1 replication

It has been reported that blocking the expression of
miR-155-5p could reduce the severity of stromal
keratitis (SK) lesion caused by HSV-1 infection
[37]. To illustrate the roles of miR-155-5p in HSV-
1 replication, we first examined the expression level
of miR-155-5p in HeLa cells infected with or without
HSV-1 and found that miR-155-5p expression in
these cells was increased by approximately 20 times
after HSV-1 infection for 4 hours (Figure 1(a)). To
explore miR-155-5p expression patterns during
HSV-1 infection, we determined the miR-155-5p
levels in HeLa cells infected with HSV-1 at different
time points. The results demonstrated that miR-155-
5p expression increased 2 hours after HSV-1 infec-
tion and peaked at 4 hours before gradually declining
thereafter (Figure 1(b)). Then, we overexpressed and
knocked down miR-155-5p using miR-155-5p

Figure 1. MiR-155-5p promotes HSV-1 replication. (a) HeLa cells were mock infected or infected with HSV-1 for 4 hours and
harvested. The relative expression level of miR-155-5p was determined with real-time PCR. (b). HeLa cells were mock infected or
infected with HSV-1 and harvested at the indicated time points. The relative expression level of miR-155-5p was determined with
real-time PCR. (c) HeLa cells were transfected with miR-155-5p mimics, inhibitors or negative control for 36 hours. The relative
expression level of miR-155-5p was determined with real-time PCR. (d and e). After 36 hours of transfection with the miR-155-5p
mimics, inhibitors or negative control, the HeLa cells were infected with HSV-1 at an MOI of 1 for 12 hours, fixed, stained with an
anti-HSV-1 glycoprotein antibody (green) and subjected to a confocal microscopy analysis. DAPI (blue) was used to stain the nuclei
(d). The fluorescence signal value was measured using ImageJ software and normalized to a single cell. The data are normalized to
the negative control level (e). (f) After 36 hours of transfection with the miR-155-5p mimics, inhibitors or negative control, the HeLa
cells were infected with HSV-1 at an MOI of 1. The culture media were collected at the indicated time points after infection and
subjected to a plaque assay. *p < 0.01.
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mimics (miR-155-5p) and inhibitors (miR-155-5pi)
(Figure 1(c)) and examined HSV-1 glycoprotein
expression using fluorescence microscopy. The
HSV-1 glycoprotein density and intensity in the
HeLa cells transfected with the miR-155-5p mimics
were much higher than those in the cells transfected
with the negative control siRNA (Figure 1(d–e)). In
contrast, the downregulation of miR-155-5p expres-
sion by the transfection with the miR-155-5p inhibi-
tors resulted in amuch lower density and intensity of
HSV-1 glycoproteins (Figure 1(d–e)), suggesting
that miR-155-5p affected both HSV-1 replication
and spread. Additionally, we determined the effects
of miR-155-5p on HSV-1 plaque formation. HeLa
cells transfected with miR-155-5p mimics or inhibi-
tors were infected with HSV-1 at an MOI of 1 for 12,
24, or 36 hours. The viral supernatants were col-
lected, and the viral titers were determined using
plaque assays. The HSV-1 titers in the culture
media from the miR-155-5p-overexpressed HeLa
cells were markedly higher than the titers in the
HeLa cells transfected with the negative control
siRNA (Figure 1(f)). The opposite results were
observed in the miR-155-5p-downregulated cells
(Figure 1(f)). Taken together, these results demon-
strated that HSV-1 infection increases miR-155-5p
expression and upregulated miR-155-5p, in turn,
enhances HSV-1 replication.

miR-155-5p is involved in HSV-1
infection-mediated SRSF2 expression

Our previous study showed that SRSF2 mediates
HSV-1 replication by regulating viral gene expression
at the transcriptional and posttranscriptional levels
[38]. In the current study, we examined the effects of
HSV-1 infection on SRSF2 expression. Both the real-
time PCR and immunoblot analyses revealed that
HSV-1 infection caused an induction of SRSF2 gene
expression (Figure 2(a–b)). Surprisingly, in the miR-
155-5p-depletion cells, HSV-1 infection could not
alter the expression of SRSF2 (Figure 2(a–b)).
Additionally, the downregulation of miR-155-5p led
to the inhibition of SRSF2 expression at the mRNA
and protein levels (Figure 2(a–b)), and upregulation
of miR-155-5p by miR-155-5p mimic increased the
expression level of SRSF2 (Figure 2(c–d)). To further
explore the role of miR-155-5p in HSV-1 infection-
mediated SRSF2 expression, we generated luciferase

reporter constructs by inserting the promoter frag-
ments of SRSF2 into pGL3-enhancer vectors and
measured the transcriptional activity of the SRSF2
promoter in HSV-1 infected HeLa cells transfected
with miR-155-5p mimics or inhibitors using
a luciferase assay. The results demonstrated that the
overexpression of miR-155-5p increased the tran-
scriptional activity of the SRSF2 promoter and that
the downregulation of miR-155-5p inhibited the
transcriptional activity of the SRSF2 promoter
(Figure 2(e)). In addition, the results of another luci-
ferase assay showed that HSV-1 infection promoted
the transcription of SRSF2 (Figure 2(f)). However,
the promotion effect of HSV-1 infection disappeared
in these cells after the depletion of miR-155-5p
(Figure 2(f)), indicating that miR-155-5p is involved
in HSV-1 infection-mediated SRSF2 expression at
the transcriptional level.

miR-155-5p associates with the SRSF2 promoter

To explore the mechanism by which miR-155-5p
regulates SRSF2 transcription, we analyzed the
SRSF2 promoter sequence to search for potential
miR-155-5p binding motifs and identified a motif
located between 222 and 232 bp upstream of the
human SRSF2 transcription start site (TSS) (Figure
3(a)). To determine whether miR-155-5p binds
this site, first, we synthesized Cy3-labeled miR-
155-5p at the 5ʹ end of the miRNA and FAM-
labeled fragments of the SRSF2 promoter with or
without potential miR-155-5p binding motifs in
vitro. Then, HeLa cells were co-transfected with
Cy3-labeled miR-155-5p, and these fragments
were subjected to an immunofluorescence assay.
As shown in Figure 3(b), miR-155-5p largely co-
localized with the fragments containing the miR-
155-5p-binding motif. The intensity plot shows
yellow fluorescence, indicating the co-localization
of miR-155-5p and fragments containing the
SRSF2-binding motif (Figure 3(b), upper panels).
Conversely, miR-155-5p did not co-localize with
the fragments with a deletion in the miR-155-5p-
binding motif. The intensity plot showed red and
green fluorescence, indicating no co-localization
between miR-155-5p and the fragments due to
the deletion of the miR-155-5p-binding motif
(Figure 3(b), lower panels). To confirm the bind-
ing sites, we synthetized a short fragment
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(TTCATGCCAAT) complementary to the miR-
155-5p binding sequence (Blocker) and then
performed qRT-PCR, western blotting and im-
munofluorescence assays to determine whether
miR-155-5p could enhance SRSF2 expression and
HSV-1 replication when the miR-155-5p binding
sites were blocked. The results demonstrated that
the synthetized short fragment blocked activation
of SRSF2 expression (Figure 3(c–d)) and HSV-1
replication (Figure 3(e–f)) by miR-155-5p.

We further determined whether miR-155-5p
altered the histone modifications near the TSS of
the SRSF2 gene. We designed sets of primer pairs
that recognized the corresponding TSS regions of

the SRSF2 gene (Figure 3(c)) and performed chro-
matin immunoprecipitation (ChIP) experiments
with antibodies against tri-methylated histone H3
at lysine 4 (H3K4Me3), tri-methylated histone H3
at lysine 27 (H3K27Me3), acetylated histone H3 at
lysine 27 (H3K27Ac) or crotonylated histone H3 at
lysine 27 (H3K27Cro) in HeLa cells transfected
with miR-155-5p or negative control. In these his-
tone modifications, H3K4Me3 and H3K27Ac at
transcription start sites (TSS) are markers of
actively transcribed genes, and H3K27Me3 at TSS
is associated with gene repression [39]; H3K27Cro
is a newly identified modification with unknown
functions [40]. The results showed that the

Figure 2. MiR-155-5p is involved in HSV-1 infection-mediated SRSF2 expression. (a). HeLa cells transfected with miR-155-5p
inhibitors or negative control were mock infected or infected with HSV-1 for 4 hours. Relative SRSF2 level was analyzed with real-
time PCR. The data were normalized to the negative control level in the mock-infected cells. (b). HeLa cells transfected with miR-155-
5p inhibitors or negative control were mock infected or infected with HSV-1 for 4 hours. The cells were harvested and subjected to
a western blot analysis to analyze the expression of SRSF2 and β-actin. (c). HeLa cells were transfected with a miR-155-5p mimic or
negative control. The relative SRSF2 level was analysed with real-time PCR. The data were normalized to the negative control level.
(d). HeLa cells were transfected with a miR-155-5p mimic or negative control. The cells were harvested and subjected to western
blotting analysis to analyse SRSF2 and β-Actin expression. (e). After co-transfection with the miR-155-5p mimics, inhibitors or
negative control and the pGL3 enhancer plasmid containing the SRSF2 promoter for 36 hours, the HeLa cells were infected with
HSV-1 at an MOI of 1 for 4 hours. The relative transcriptional activities of the SRSF2 promoter were determined with a luciferase
assay. (f). After co-transfection with the miR-155-5p inhibitors or negative control and the pGL3 enhancer plasmid containing the
SRSF2 promoter for 36 hours, the HeLa cells were infected with HSV-1 or mock infected. The relative transcriptional activities of the
SRSF2 promoter were determined with a luciferase assay. The data were normalized to the negative control level in the mock-
infected cells. *p < 0.01.
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overexpression of miR-155-5p increased the
enrichment of H3K4Me3 and H3K27Ac at the
TSS of the promoter and reduced the enrichment
of H3K27Cro at TSS1, TSS2 and TSS3 of the

promoter (Figure 3(d)). These data are the first to
show that miR-155-5p interacts with the SRSF2
promoter and alters histone modifications near
the TSS of the SRSF2 promoter.

Figure 3. MiR-155-5p interacts with the SRSF2 promoter. (a). Schematic representation of the miR-155-5p-binding site in the
human SRSF2 gene. The black box shows the potential binding site, and the red characters indicate matching sequences. (b). HeLa
cells were cotransfected with Cy3-labeled miR-155-5p (red) and FAM-labeled fragments of the SRSF2 promoter containing potential
miR-155-5p binding motifs (green) or a fragment with a deletion in the miR-155-5p-binding motif (green). The cells were infected
with HSV-1, fixed and subjected to a confocal microscopy analysis. The intensity plots of the red and green channels were analyzed
with ImageJ software. DAPI (blue) was used to stain the nuclei. Scale bars, 10 μm. (c and d). 12 hours after transfection with the
Blocker or Mock control, the HeLa cells were transfected with a miR-155-5p mimic or negative control and incubated for 24 hours.
The SRSF2 expression levels were measured with real-time PCR (c) and western blotting (d). (e and f). 12 hours after transfection
with the Blocker or Mock control, the HeLa cells were transfected with a miR-155-5p mimic or negative control for 24 hours, infected
with HSV-1 for 12 hours, fixed, stained with an anti-HSV-1 glycoprotein antibody (green) and subjected to confocal microscopy
analysis. DAPI (blue) was used to stain the nuclei (e). The fluorescence signal value was measured using the ImageJ software and
normalized to a single cell. The data are normalized to the negative control level (f). (g). Schematic diagram showing the gene
structure of SRSF2 in which the black boxes represent the primer-amplified regions. (h). HeLa cells transfected with the miR-155-5p
mimics or negative control were collected for ChIP assays to analyze the relative fold enrichment of the SRSF2 promoter by an anti-
H3K4Me3, H3K27Me3, H3K27Ac or H3K27Cro antibody. *p < 0.01.
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MiR-155-5p increases HSV-1 gene expression via
the regulation of SRSF2

Furthermore, we measured the expression levels of
the HSV-1 infected cell polypeptide 0 (ICP0),
infected cell polypeptide 27 (ICP27) and thymi-
dine kinase (TK) genes required for the appropri-
ate expression of viral early and late gene products
in HeLa cells transfected with a miR-155-5p mimic
or negative control. The results showed that the
upregulation of miR-155-5p enhanced ICP0,
ICP27 and TK expression at the mRNA (Figure 4
(a-c)) and protein levels (Figure 4(d)), respectively.
To better understand whether SRSF2 is a key fac-
tor in miR-155-5p mediated-viral gene expression,
we depleted SRSF2 expression with SRSF2 specific
siRNAs in HeLa cells transfected with a miR-155-
5p mimic or negative control and examined the
expression level of ICP0, ICP27 and TK. As shown
in Figure 4, in the cells with the depletion of

SRSF2, the upregulation of miR-155-5p by the
transfection with the miR-155-5p mimic resulted
in a loss of the promotion effects on viral gene
expression, indicating that SRSF2 functions as an
important mediator of miR-155-5p regulated viral
gene expression.

Discussion

Upon entry into host cells, HSV-1 uses a series of host
cell factors to enable efficient viral replication.
MiRNAs are regulatory molecules that control the
virus life cycle. Many miRNAs have been shown to
promote viral replication by targeting factors involved
in host antiviral activity and survival [41–43].
However, few reports have investigated the direct
regulation of miRNAs in viral gene products that
are important for viral infection. MiR-155-5p is one
of the well characterizedmiRNAs and associated with

Figure 4. MiR-155-5p increases HSV-1 gene expression via the regulation of SRSF2. After co-transfecting HeLa cells with miR-
155-5p mimic and SRSF2 siRNAs or negative control, the cells were infected with HSV-1, and the ICP0, ICP27 and TK expression levels
were measured with real-time PCR (a-c) and western blotting (d). *p < 0.01.
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multiple biological processes and diseases, including
HSV-1 infection. Study showed that miR-155-5p KO
mice presented diminished stromal keratitis lesions
caused by HSV-1 infection [37]. However, the exact
mechanism remained unclear. In the current study,
we demonstrated that HSV-1 infection increases the
expression of miR-155-5p and upregulated miR-
155-5p, in turn, enhanced HSV-1 replication.
Furthermore, miR-155-5p was revealed to attribute
to induction of SRSF2 by HSV-1 infection. Through
binding to SRSF2 promoter and altering the histone
modification located nearby the TSS of SRSF2 pro-
moter, miR-155-5p enhanced the transcription of the
SRSF2 gene and finally increased HSV-1 genes
expression.

SRSF2, one of serine/arginine-rich (SR) protein
family member, is an important component of cell
structure speckle. SRSF2 consists of an RNA
recognition motif and a motif rich in serine and
arginine residues [44]. The RNA recognition motif
binds to exon of target pre-mRNA and the motif
rich in serine and arginine residues bind to other
SR) protein family member [44], finally complet-
ing the RNA splicing. Our previous study found
that SRSF2 not only participated in the splicing of
the HSV-1 ICP0 pre-mRNA, but also mediated the
transcription of several genes, such as ICP 0,
ICP27 and TK, through the interaction with
these genes promoters [38]. In the current study,
we further study the effects of HSV-1 infection on
expression of SRSF2 and found that HSV-1 infec-
tion induced SRSF2 expression and miR-155-5p
involved in this promotion. In SRSF2 promoter,
a miR-155-5p potential binding motif was identi-
fied. Through binding to the promoter, miR-155-
5p altered levels of histone modification located
nearby the TSS of SRSF2 promoter, including
H3K4Me3, H3K27Ac and H3K27Cro. In which,
H3K4Me3 and H3K27Ac are markers for actively
transcribed genes, and H3K27Cro is a newly iden-
tified modification with unknown functions for
genes regulation. These results suggested the epi-
genetic regulation of miR-155-5p in SRSF2
expression.

Traditionally, miRNAs regulated the degrada-
tion or translation of target mRNAs through
recruiting argonaut protein complexes to bind to
the 3’UTR of these mRNAs and there has been no
report that miRNAs can regulate gene expression

at the transcriptional level. In recent years, a class
of small activating RNAs (saRNAs) that can acti-
vate gene transcription has been discovered, such
as some double-stranded RNAs (dsRNAs) and
piwi-related RNAs (piRNAs) [45–48]. These
saRNAs specifically recognize and bind to the pro-
moter motifs, thereby altering the local conforma-
tion of chromatin and initiating the transcription
of the corresponding genes. There are two simila-
rities between miRNAs and saRNAs: (1) their
length is about 22 bp and (2) Argonaut2 protein
involved in their function in genes regulation.
Therefore, we speculated that some miRNAs
(such as miR-155-5p) might belong to saRNAs or
at least had the potential to function as transcrip-
tion regulators like saRNAs.

In this study, we investigated the role of miR-
155-5p in HSV-1 replication. We found that HSV-1
infection upregulates miR-155-5p expression and
miR-155-5p, in turn, enhances HSV-1 replication
and viral genes expression. Also, we found that
miR-155-5p involved in the induction of SRSF2 by
HSV-1 infection. Through binding with motif in
SRSF2 promoter, miR-155-5p altered significantly
levels of multiple histone modification near the TSS
of SRSF2 gene and finally increased the transcrip-
tion of SRSF2. Overall, our study demonstrated that
miR-155-5p regulated HSV-1 replication via the
epigenetic regulation of SRSF2 expression.

Materials and methods

Cell culture, HSV-1 infection, and plaque assay

HeLa cells (American Type Culture Collection,
ATCC) were grown in Dulbecco’s modified Eagle’s
medium (Gibco/Invitrogen Ltd, 12,800–017) contain-
ing 10% fetal bovine serum (PAA, A15-101) and
10 U/ml penicillin-streptomycin (Gibco/Invitrogen
Ltd, 15,140–122) in a humidified 5% CO2 incubator
at 37°C. The HeLa cells were infected with HSV-1
strain SM44 at an MOI of 1. To conduct the plaque-
forming assay, Vero cells (Chinese Academy of
Sciences) were inoculated with 100 μl of serially
diluted viral fluid for 1 hour. After viral adsorption,
the HSV-1-infected cells were overlaid with medium
containing 1% human serum for 48 hours and stained
with 1% crystal violet in 10% formaldehyde for 15min
to visualize the plaques.
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Cells transfection, RNA isolation, reverse
transcription and qPCR

All synthetic miRNAs, siRNAs and the negative con-
trol were purchased from Shanghai GenePharma Co.
Ltd. The siRNA sequences were as follows: SRSF2
siRNA, 5ʹ- GUGAGAAGUUGCUUAGAAA-3ʹ
(sense) and 5ʹ- UUUCUAAGCAACUUCUCAC-3ʹ
(antisense); Negative control siRNA, 5ʹ-
UUCUCCGAACGUGUCACGU-3ʹ (sense) and 5ʹ-
ACGUGACACGUUCGGAGAA-3ʹ (antisense). All
miRNAs and siRNAs were transfected with lipofec-
tamine™ 2000 (Invitrogen, 11,668–019) according to
the manufacturer’s protocol. Total RNA was isolated
using RNAiso Plus (Takara, D9108B) according to
the manufacturer’s protocol. Real-time qRT-PCR
was performed using ReverTra Ace® qPCR RT
Master Mix with gDNA remover (TOYOBO, FSQ-
301) and SYBR Green PCR Master Mix (TOYOBO,
QPK-201). All mRNA levels were measured and
normalized to beta-actin. To detect the expressional
level of miR-155-5p, miRNA qPCR were performed
using the Hairpin-it™miRNA qPCR kit according to
manufacturer’s instructions. MiR-155-5p expression
level were normalized to U6 snoRNA. The primers
for RT-PCR analysis were as follows: SRSF2, 5ʹ-
GAGAACCAAAGGGAGGGGTG-3ʹ (sense) and
5ʹ- TGCTGCGTATGCAAGTCTGA-3ʹ (antisense);
ICP0, 5ʹ-CCCACTATCAGGTACACCAGCTT-3ʹ
(sense) and 5ʹ-CTGCGCTGCGACACCTT-3ʹ (anti-
sense); ICP27, 5ʹ-CGATGACTTACTGGCGGG
TGT −3ʹ (sense) and 5ʹ-GCGTCGGTCACGGCAT
AA-3ʹ (antisense); TK, 5ʹ-TGTGTGACACCAT
TCATTGATGC-3ʹ (sense) and 5ʹ-TCCTCACAT
GGGGGAGGTAG-3ʹ (antisense); Actin-beta, 5ʹ-
GTACCCAGGCATTGCTGACA-3ʹ (sense) and 5ʹ-
CGCAGCTCAGTAACAGTCCG-3ʹ (antisense).

Western blotting

Cells were lysed in ice-cold whole cell extract buffer
B (50mMTRIS-HCl, pH 8.0, 4M urea and 1%Triton
X-100), supplemented with complete protease inhibi-
tor mixture. Cell extracts were resolved by SDS-
PAGE, and analyzed by Western blot. Protein bands
were visualized using ECL Blotting Detection
Reagents.Antibodies used forwestern blotting include
anti-SRSF2 antibody (Santa Cruz Biotechnology, sc-
10,252), anti-HSV-1 ICP0 antibody (Abcam, ab6513),

anti-HSV-1 ICP27 antibody (Abcam, ab31631), an
anti-HSV-1 TK antibody (Santa Cruz Biotechnology,
sc-28,037), and anti-beta-actin antibody (Proteintech,
60,008–1-Ig).

Immunofluorescence microscopy

To evaluate the influence of miR-155-5p on HSV-1
replication, HeLa cells were transfected with miR-
155-5p mimics, inhibitors or negative control for 36
h. After infection with HSV-1 for 12 hours, the cells
were fixed with 4% paraformaldehyde for 10 min.
After blocking, the cells incubated with an anti-HSV
-1 antibody (Abcam, ab9533). The cells were
washed, counterstained with DAPI and observed
with an Olympus FV1000 confocal laser micro-
scope. The fluorescence signal value was measured
with Image J software and normalized to a single
cell. To validate the interaction between miR-155-5p
and the SRSF2 promoter fragments, HSV-1-infected
HeLa cells were co-transfected with Cy3-labeled
miR-155-5p and FAM-labeled fragments of SRSF2
promoter containing miR-155-5p potentially bind-
ing motifs or not for 24 hours. For the co-
localization studies, the cells were fixed, washed,
counterstained with DAPI and observed with an
Olympus FV1000 confocal laser microscope. The
intensity plots for the red and green channels were
analyzed with ImageJ software.

Luciferase assay

For generation of luciferase reporters for promoter
assay, a luciferase reporter constructs that inserted
the sequences from −500 bp to +500 bp relative to
the TSS of SRSF2 were purchased from Shanghai
GenePharma Co. Ltd. Luciferase activities were
assayed using a Dual-Luciferase Reporter System
(Promega, E1960) according to the manufacturer’s
protocol.

Chip assay

ChIP assay was conducted according to Dahl’s pro-
tocol [49]. In brief, cells were fixed with 1% formal-
dehyde and sonicated to shear DNA. After
centrifugation, the supernatants were incubated
with H3K4Me3 antibody (Abcam, ab8580),
H3K27Me3 antibody (Abcam, ab6002), H3K27Ac
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antibody (Abcam, ab4729) or H3K27Cro antibody
(Jingjie PTM Biolab, PTM-501) Chromatin DNA
was purified by Dynabeads protein G (Invitrogen,
10004D) and subjected to real-time PCR. The
region-specific primers were as follows: TSS-1,
5ʹ- TCATTTGCCTCTCCCTGTGAC-3ʹ (sense)
and 5ʹ-CTCTGGCGAAAGGGGGTTG-3ʹ (anti-
sense); TSS-2, 5ʹ- CGGAATTAGCGGGCAGTTG-
3ʹ (sense) and 5ʹ- CCCGATGTGGAGGGTATG
AC-3ʹ (antisense); TSS-3, 5ʹ- GCTAGCGC
ACCTGAGTAACA-3ʹ (sense) and 5ʹ- AGGTT
TCATTTCCGGGTGGC-3ʹ (antisense); TSS-4, 5ʹ-
GAAAGCGAACGAAGGCGAAG-3ʹ (sense) and
5ʹ- CCCGATGTGGAGGGTATGAC-3ʹ (antisense).

Statistical analysis

Each experiment was repeated three times. The
results are presented as the mean ±SD. *p < 0.01.
Comparisons between two groups were evaluated
with a two-sample t test. For three or more groups,
standard one-way analysis of variance (ANOVA)
followed by Bonferroni’s test for multiple compar-
isons was completed. A 2-tailed probability value
<0.05 was considered statistically significant.
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