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Abstract: Human cytomegalovirus (HCMV), a ubiquitous pathogen, can cause severe illness in immunocompro-
mised individuals. Typically, glioma is one of the most common malignant primary brain tumors and originates in
the central nervous system. The IE86 gene of HCMV exerts a major role in regulating virus replication. By using
coimmunoprecipitation combined with mass spectrometry, the components of the IE86 complex were identified,
and the heterogeneous ribonucleoprotein A2/B1 (hnRNP A2/B1) was recognized as one of the IE86 complex com-
ponents. hnRNP A2/B1 is highly expressed in U251 cells, and the data suggest that IE86 can promote hnRNP A2/
B1 expression. Furthermore, the knockdown of hnRNP A2/B1 significantly attenuates IE86-mediated apoptosis and
cell proliferation. Importantly, IE86 can also inhibit the alternative splicing of Bcl-x by decreasing the Bcl-xS/Bcl-xL
ratio, which is closely related to apoptosis. Meanwhile, the knockdown of hnRNP A2/B1 can mitigate the inhibitory
effect of IE86 on the alternative splicing of Bcl-x. In conclusion, the inhibition of apoptosis and enhancement of cell

proliferation by IE86 may be related to the hnRNP A2/B1-mediated alternative splicing of Bcl-x.
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Introduction

HCMV, namely, human cytomegalovirus, is a
component of the subfamily of herpesvirus 3,
which is the largest virus among the human
herpesviruses. The HCMV genome is composed
of double-stranded linear DNA that is approxi-
mately 235 kb long. There are 165 proteins
encoded in the whole genome [1]. HCMV infec-
tion leads to the sequential expression of the
viral genes, which can be classified into late (L),
early (E) and immediately early (IE) genes.
There is an immediate synthesis of HCMV IE2
after injection. The corresponding gene product
serves as a classical transcriptional regulatory
protein [2]. The IE2 gene encodes IE86 and
plays a critical function during the process of
HCMV infection of cells, without which HCMV
infection will not generate infectious progeny
virus particles [3]. The expression of genes can
be affected by IE86 through the recruitment of
some transcriptional activators.

There are two homologous proteins composing
heterogeneous nuclear ribonucleoprotein A2/
B1 (hnRNP A2/B1). These two kinds of proteins
are classified into the hnRNP family [4]. The
hnRNPs serve as members of a large family of
RNA-binding proteins that are associated with
preneonatal mRNA transcripts within eukaryot-
ic cells. They have various functions during the
processes of stability, translation, localization,
MRNA output, pre-mRNA splicing and RNA pro-
cessing [5]. There is an overexpression of
hnRNP A2/B1 in different tumor cells, such as
lung carcinoma [10], and in gastric [9], breast
[8], liver [7], and pancreatic cells [6]. Recently,
it has been found that hnRNP A2/B1 acts as a
selective splicing regulator of multiple tumor
oncogenes and suppressors, for example, Bcl-x
[11]. HnRNP A2/B1 serves as a kind of anti-
apoptotic protein, which is classified into the
well-known Bcl-2 category. Bcl-x serves as an
antiapoptotic component of the bcl-2 gene fam-
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ily and plays an important role in the regulation
of mammalian cell apoptosis. There are two
protein isotypes, bcl-xS and bcl-xL, with oppo-
site functions that are produced by the alterna-
tive splicing of bcl-x. There is growing evidence
proving that hnRNP A2/B1 inhibits cell growth
[12] while apoptosis is enhanced [13]. There is
an increasing number of studies proving that
HCMV exists in prostate cancer, colon cancer,
glioma, and other tumors [14]. In recent years,
an association has been found between IE86
and apoptosis and the proliferation of tumor
cells [15].

Immunoprecipitation was applied to identify
the composition of the IE86 complex and was
coupled with liquid chromatography-mass spe-
ctrometry. It was determined that hnRNP A2/
Bl serves as one of the components of the
IE86 immune complex. Thus, investigating the
potential function of the hnRNP A2/B1-medi-
ated signaling pathway within glioma cells tr-
ansfected with IE86 is very important. Accor-
ding to this study, the function of IE86 in the
apoptosis and proliferation of U251 cells was
further characterized, followed by the potential
function of hnRNP A2/B1 and the correspond-
ing systems during these processes.

Materials and methods
Cell culture and mouse model

The Shanghai Cell Bank of the Chinese Aca-
demy of Sciences (Shanghai, China) was the
source of the human glioblastoma cell line
U251. Dulbecco’s High Glucose Modified Eagle
Medium (HyClone) supplemented with 10%
FBS was used for maintenance of the U251
cells. All the cells were grown under adherent
cultivation conditions at 37°C using 5% CO,.
All of the animal experiments were carried out
based on the China animal welfare law and
approved by the local authorities. Cyagen Bio-
sciences Inc. customized the IE86 transgenic
mice, which were kept in pathogen-free con-
ditions.

Plasmids and shRNA

Sino Biological Inc. (Beijing, China) was the
source of the peGFP-N3-IE86 and peGFP-N3
vectors. When the cells reached 50% conflu-
ence, they were transfected with 2.5 pg of DNA
using the transfection reagent Lipofectamine
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3000 (Invitrogen, USA) based on the manufac-
turer’'s protocol. The first cultivation of the
transfected cells occurred in an antibiotic-free
medium for 6 h. Afterwards, the transfected
cells were moved to a fresh medium and cul-
tured for 48 h, prior to further processing.

The cells were cultivated in MEM for the knock-
down of hnRNP A2/B1 expression. Then a small
hairpin RNA (shRNA) vector was transfected
via Lipofectamine 2000 following the manufa-
cturer’s instructions (Invitrogen, Carlsbad, CA,
USA). The stable sublines were transfected wi-
th the hnRNP A2/B1 shRNA vector (sh1A2/B1
sense primer: 5-CCGGCAGAAATACCATACCAT-
CAATCTCGAGATTGATGGTATGGTATTTCTGTTTT-
TG-3’, sh1A2/B1 antisense primer: 5-AATTC-
AAAAACAGAAATACCATACCATCAATCTCGAGATT-
GATGGTATGGTATTTCTG-3; sh2A2/B1 sense
primer: 5-CCGGAGAAGCTGTTTGTTGGCGGAA-
CTCGAGTTCCGCCAACAAACAGCTTCTTTTTTG-
3, sh2A2/B1 antisense primer: 5-AATTCA-
AAAAAGAAGCTGTTTGTTGGCGGAACTCGAGT-
TCCGCCAACAAACAGCTTCT-3’; sh3A2/B1 sen-
se primer: 5-CCGGTGACAACTATGGAGGAGGA-
AACTCGAGTTTCCTCCTCCATAGTTGTCATTTTTG-
3, sh3A2/B1 antisense primer: 5-AATTCAA-
AAATGACAACTATGGAGGAGGAAACTCGAGTTTC-
CTCCTCCATAGTTGTCA-3’) were identified as
U251-sh1A2/B1, U251-sh2A2/B1, and U251-
sh3A2/B1, respectively.

Total protein extraction

A RIPA buffer (Solarbio) was used for extraction
of the total proteins, which was supplemented
with 10 pyL of PMSF (Solarbio) per milliliter, at
4°C for 20 min. Centrifugation was carried out
for the collection of the lysates at 13,000 x g
for 15 min.

Coimmunoprecipitation

Five micrograms of murine IE86 antibody were
added to the 500 pL of total cell protein.
Afterwards, the mixture was incubated on a
shaker at 4°C for 4 h to establish an antigen-
antibody complex. A total of 25 uL of protein G
immunomagnetic beads was added for 1 h at
4°C. Later, the beads were placed on the mag-
netic stand. The immunomagnetic beads ab-
sorbed the antigen-antibody complex. After-
wards, a 1 x SDS loading buffer was added.
Then, the antigen-antibody complex was eluted
from the immunomagnetic beads. Boiling was
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performed for 5 min to obtain the protein com-
plex. Mass spectrometry was performed on
the IE86 protein complex after coomassie blue
staining and SDS-PAGE gel electrophoresis.

Liquid chromatography-mass spectrometry
analysis and database search

Hangzhou lJingjie Biotechnology Co., Ltd. com-
pleted the mincing of the Coomassie-stained
strips. Next, the strips were digested overnight
at 37°C. The enzymatically decomposed pep-
tide was dissolved in mobile phase A (aqueous
solution with 20 g/L acetonitrile and 1 g/L
formic acid) and separated via an EASY-
nLC1000 ultraefficient liquid phase mecha-
nism. The peptides were injected and separat-
ed using an NSI ion source for ionization, and
then an analysis was conducted via the Ther-
moScientificTM QExactiveTM mass spectrome-
try system.

The source voltage was set to 2.0 kV, the pri-
mary mass spectrometer scan range was set
between 350 and 1,800 m/z, the scan resolu-
tion was set to 70,000, and the Orbitrap scan
resolution was set to 17,500. A data-dependent
scanner mode was used for the data collection.
Secondary mass spectrometry was also con-
ducted in sequence. Proteome Discoverer 1.3
was used for the searching of the secondary
mass spectrometry data.

RNA extraction and reverse transcription PCR

TRIzol Reagent (Invitrogen) was used for the
extraction of the total RNA. Afterwards, a spe-
ctrophotometer at 260 and 280 nm (A260/
280) was used to measure the concentration
of these RNA samples. Reverse transcription of
total RNA was performed via the application of
a Prime-Script RT Reagent Kit (TakaRa, Dalian,
China). hnRNP A2/B1 expression was mea-
sured via a SYBR® Green PCR Kit (Qiagen,
Germany). The primers used are listed be-
low: [E86 forward 5-CCGCAAGAAGAAGAGC-
AAACG-3’ and reverse 5-CACCTGGTGCATACT-
GGGAAT-3'. Bcl-x was detected via application
of the forward primer 5-GGGTCTAGAAGTG-
GATGGTCAGTGTCTGGT-3' and the reverse pri-
mer 5-GGGGAATTCTTGGACAATGGACTGGTTGA-
3’, GAPDH via forward 5-GAAGGTGAAGGTC-
GGAGTC-3’ and reverse 5-GAAGATGGTGATG-
GGATTTC-3’, and hnRNP A2/B1 via forward
5-TCATGGCTCGCCTTCCTCTCAG-3’ and reverse
5-TGTGGCTTCCGAACGCAATGG-3'. gPCR condi-
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tions consisted of 95°C for 3 min followed by
40 cycles of 95°C for 15 s and 60°C for 1 min.

Bel-xL (779 bp) and Bcl-xS (590 bp) were am-
plified using Bcl-x primers. The PCR amplifica-
tion was performed as follows: after the first
denaturation at 94°C for 2 min, there were 30
cycles at 94°C for 30 s, 60°C (IE86)/56°C (Bcl-
x)/55°C (GAPDH) for 30 s, and 72°C for 60 s.
The reaction was stopped by a final extension
step at 72°C for 5 min. The PCR products we-
re separated through gel electrophoresis in a
1.2% agarose gel containing ethidium bromide.
Afterwards, PCR products were visualized with
ultraviolet (UV) light. GAPDH was used for the
normalization of the mRNA expression of hn-
RNP A2/B1 and IE86. These experiments were
conducted using a iQ5 Real-Time PCR Detection
system (Bio-Rad, USA), the results of which
were analyzed using the 2-AACt method.

CCKS8 assay

A Cell Counting Kit (7 Sea Biotech, Shanghai,
China) was used to detect cell proliferation. The
growth of cells occurred in 96-well plates with 1
x 10 cells per well. Then, the cells were incu-
bated at 37°C using CO, until the cell conflu-
ence rate increased up to 70%. After transfec-
tion with shRNA and plasmid for 48 h, the cells
were incubated for 24, 48, 72, and 96 h. A to-
tal of 10 pL of CCKS8 solution was used for ev-
ery well. The absorbance at 450 nm was mea-
sured using a SUNRISE Microplate Reader (Te-
can, Switzerland).

Flow cytometry

After transfection for 48 h, the cells were
washed, centrifuged and harvested in phos-
phate-buffered saline three times. A total of
100 pL of 5% MEM was added to the resus-
pended cells in a 1.5 mL centrifuge tube. In-
cubation occurred for each tube at room tem-
perature in the dark for 20 min using Guava
Nexin Reagent (Millipore Guava Technologies,
Billerica, MA, USA). An analysis was conducted
on the samples using a Guava EasyCyte Mini
Flow cytometry instrument (Millipore Guava).
Every sample analysis was repeated three
times.

Western blot
The proteins were separated in a 12% SDS-

PAGE gel. Then, they were transferred onto
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14— and coomassie blue staining. (D) Co-IP of
IE86 and hnRNP A2/B1.

polyvinylidene fluoride membranes. After block-
ing with 5% nonfat milk for 1 h at room tem-
perature, the membranes were incubated with
the corresponding primary antibodies at 4°C
overnight. Afterwards, the membranes were
washed and incubated with secondary antibod-
ies at room temperature for 1 h. Various anti-
bodies were used, including horseradish perox-
idase-conjugated goat anti-rabbit IgG (Abgent,
USA), rabbit anti-B-actin (Bioss, Beijing, China),
rabbit anti-hnRNP A2/B1 (Abcam, UK) and rab-
bit anti-IE86, rabbit anti-caspase 3 (Abcam,
UK). ECL reagents (Thermo Fisher, USA) were
used for the development of these membran-
es, which were visualized using a BIO-PRINT
ST4 gel imaging system (Vilber Lourmat, Marne-
la-Vallée, France). ImageJ software was used to
analyze the gray intensity of the bands.

Statistical analysis

All the data are presented as the mean + SD for
three independent studies. A one-way analysis
of variance (ANOVA) and a two-tailed Student’s
t-test were used for the statistical analysis. A
p-value smaller than 0.05 was considered sta-
tistically significant.

Results

Composition of the IE86 immune complex
identified by mass spectrometry

In this study, IE86 was first successfully ex-
pressed in U251 cells Figure 1A and 1B, and
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cells; subsequently, total pro-

tein was extracted from the
P transfected cells for the sub-
sequent coimmunoprecipita-
tion experiments. The IE86
protein antibody was immu-
— noprecipitated with the total
protein extracted from U251
cells, while the control group
was immunoprecipitated with
murine 1gG. Afterwards, the
complex was denatured and
subjected to SDS-PAGE fol-
lowed by coomassie blue st-
aining, as presented in Figure
1C. At the same time, the
interaction of IE86 with hn-
RNP A2/B1 is also shown in
Figure 1D. Thereafter, the coomassie-stained
strips were excised and subjected to mass
spectrometry after in-gel digestion. Proteins
identified by this approach are listed in Table
1. A total of 8 splicing-associated proteins th-
at interacted with IE86 were successfully iden-
tified through immunoprecipitation combined
with mass spectrometry, including hnRNPA1,
hnRNP A2/B1, hnRNPC, hnRNPM, hnRNPK and
hnRNPHZ1. The splicing factor, hnRNPM, has
been proven to promote breast cancer metas-
tasis by activating a switch of alternative splic-
ing during the epithelial-mesenchymal transi-
tion (EMT) [16]. Moreover, hnRNP A2/B1 is a
member of the hnRNP family and plays an
important role in the posttranscriptional regu-
lation of mRNA. In addition, hnRNP A2/B1 is
also an essential oncogenic gene that is over-
expressed in many tumor types and is closely
related to tumor formation [17, 18].

_—

IE86 promoted hnRNP A2/B1 expression

Using proteomics techniques, the splicing fac-
tor hnRNP A2/B1 was identified as one of the
components of the IE86 complex, and it is the
strongest combination with IE86, which has
been recognized to exert a pivotal role in the
growth, survival, apoptosis, and invasion of gli-
oma cells. Thus, it is necessary to understand
the effect of IE86 on hnRNP A2/B1. In this
study, IE86 was first successfully expressed in
IE86 transgenic mice (Figure 2A), and the
effect of IE86 on hnRNP A2/B1 in IE86 trans-
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Table 1. Protein Interacting With IES86

Gene Name Protein Name Species Protein score
HNRNP A2/B1 Heterogeneous nuclearribonucleoproteins A2/B1 Human 367.75
HNRNPA1 Heterogeneous nuclearribonucleoprotein A1 Human 324.27
HNRNPC Heterogeneous nuclearribonucleoproteins C1/C2 Human 187.97
HNRNPM Heterogeneous nuclearribonucleoprotein M Human 148.54
SYNCRIP Heterogeneous nuclearribonucleoprotein Q Human 81.74
HNRNPK Heterogeneous nuclearribonucleoprotein K Human 80.26
PTBP1 Polypyrimidine tract-bindingprotein 1 Human 44.24
HNRNPHZ1 Heterogeneous nuclearribonucleoprotein H Human 40.1

genic mice was studied. Two groups (five mice
per group) of IE86 transgenic-positive and neg-
ative mice were examined to determine any dif-
ferences in their hnRNP A2/B1 expression lev-
els. Specifically, the two groups of mice were
fed the same feeds and were raised under the
same environmental conditions. At the 10th
week, the mice were sacrificed, and RNA and
total protein were extracted from their brain tis-
sues, the hnRNP A2/B1 mRNA expression lev-
els were detected by gPCR, and the hnRNP A2/
B1 protein expression levels were examined by
Western blot. The data showed that IE86 could
promote the mRNA and protein expression lev-
els of hnRNP A2/B1 in |E86 transgenic mice
(Figure 2B and 2C). Subsequently, U251 cells
were transfected with peGFP-N3-/1ES86 (Figure
2D). Then, the mRNA and protein expression
levels of hnRNP A2/B1 were measured 24,
48, and 72 h after transfection with peGFP-
N3-IE86. The results indicated that IE86 could
also promote hnRNP A2/B1 expression in glio-
ma cells (Figure 2E and 2F).

IE86 inhibited the splicing of Bcl-x via promot-
ing hnRNP A2/B1 expression

HNRNP A2/B1 has also been shown to play a
critical role in regulating apoptosis by partici-
pating in the alternative splicing of Bcl-x, which
will produce the antiapoptotic Bcl-xL or the pro-
apoptotic Bcl-xS [19, 21]. Thus, the influence of
IE86 on the alternative splicing of Bcl-x, as well
as the potential role of hnRNP A2/B1, were
investigated in this study. The alternative splic-
ing of the Bcl-x gene could generate Bel-xL and
Bcl-xS variants, which is achieved using the
alternative 5’ splice site within exon 2 (Figure
3A).

Compared with the hnRNP A2/B1 expression in
U251 cells, the hnRNP A2/B1 mRNA expres-
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sion in the U251 cells stably transfected with
hnRNP A2/B1 shRNA was markedly downregu-
lated (Figure 3B and 3C). Because the plas-
mid transfection efficiency was different, the
sh1A2/Bl-transfected U251 cells were finally
selected as the target cells to research the
effect of the hnRNP A2/B1 knockdown on the
cells. The U251 sh3A2/B1 and U251 sh2A2/
B1 transfected cells (hnRNP A2/B1 mRNA
expression decreased < 31%, the protein ex-
pression decreased 17%) were excluded from
this research. No significant differences were
observed between the control U251 and the
vector-transfected U251 cells. Afterwards, the
role of hnRNP A2/B1 in the IE86-mediated
alternative splicing of Bcl-x was investigated. As
shown in Figure 3D and 3E, hnRNP A2/B1 par-
tially enhanced the inhibition of IE86 on Bcl-x
splicing (P < 0.01). In addition, the knockdown
of hnRNP A2/B1 increased the Bcl-xS/Bcl-xL
ratio.

IE86 affected the apoptosis and proliferation
of U251 cells through the hnRNP A2/B1-medi-
ated pathway

Subsequently, the influence of hnRNP A2/B1
knockdown on cell proliferation was also exam-
ined. To research the role of hnRNP A2/B1 in
IE86-promoted cell proliferation, U251 cells
were first transfected with a vector control or
with shhnRNP A2/B1. Specifically, compared
with the growth rate of the U251-vector cells,
the growth rate of the IE86-vector cells incre-
ased to 75%; meanwhile, compared with the
growth rate of the U251-vector cells, the grow-
th rate of the U251-shhnRNP A2/B1 cells de-
creased to 42%. Compared with the growth
rate of the IE86-vector cells, the growth rate of
the IE86-shhnRNP A2/B1 cells decreased to
29% (Figure 4A). These results suggest that
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Figure 2. IE86 increases hnRNP A2/B1 mRNA and protein expression levels. A. MouselE86 levels were measured by Western blot. B. IE86 transgenic mice and
wild-type mice were given the same feeding and environmental conditions. They were sacrificed at the tenth week to extract the brain tissue RNA and total protein;
the relative mRNA expression of hnRNP A2/B1 was detected by qPCR. Results are representative of three independent experiments. C. Mouse hnRNP A2/B1 levels
were measured by Western blotting. The blots are representative of three independent experiments. D. The IE86 levels in the U251 cells were measured by Western
blot. E. U251 cells were transfected with peGFP-N3-IE86 as indicated for 24, 48, and 72 h, and the hnRNP A2/B1 levels were determined by qPCR. NC were cells
not transfected with peGFP-N3-/E86. Results are representative of three independent experiments. F. Cell hnRNP A2/B1 protein levels were measured by Western
blot. ** P < 0.01.
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Figure 3. IE86 inhibits bcl-x splicing by promoting hnRNP A2/B1 expression. (A) Schematic splicing of Bcl-x pre-mRNA generating Bcl-xL and Bcl-xS mRNA via al-
ternative 5’ splice site selection. (B) gPCR. U251 cells with stable hnRNP A2/B1 knockdown were grown in cell culture dishes and subjected to qPCR to determine
hnRNP A2/B1 mRNA expression. The results are representative of three independent experiments, compared with the untransfected cell groups. (C) Western blot.
The same cells were subjected to Western blot, compared with the untransfected cell groups. (D) After transfection with peGFP-N3-IE86 for 24 h, both U251 cells
and cells transfected with peGFP-N3-IE86 were treated with sh1A2/B1. Afterwards, the Bcl-xL and Bcl-xS levels were determined by RT-PCR and (E) Western blot.
*P < 0.05, **P < 0.01 and ***P < 0.001.
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<0.01.
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Figure 5. Model describing the function of hnRNP A2/B1 during IE86-infect-

ed cells.

IE86 can promote cell proliferation by enhanc-
ing hnRNP A2/B1 expression. Finally, the influ-
ence of hnRNP A2/B1 knockdown on apoptosis
was also examined. Cell apoptosis detected
through cytometry showed that the apoptosis
of IE86-vector cells was noticeably reduced
compared with the apoptosis of the U251-ve-
ctor cells; the apoptosis of the U251-shhn-
RNP A2/B1 cells was remarkably elevated com-
pared with the apoptosis of the U251-vector
cells; and the apoptosis of IE86-shhnRNP A2/
B1 cells was also increased relative to the IES86-
vector cells (Figure 4B and 4C). In addition, flow
cytometry demonstrated that IE86 can inhibit
apoptosis by promoting hnRNP A2/B1 expres-
sion. Figure 4D and 4E show that IE86 can
inhibit caspase 3 by promoting hnRNP A2/B1
expression.

Discussion

Human cytomegalovirus (HCMV) is a widely dis-
tributed, species-specific virus that not only
can establish infections in most people, espe-
cially patients with low immunity due to organ
transplantation or AIDS, but also can cause
congenital malformations in an infant’s ner-
vous system, which can place a heavy burden
on society and families [22]. The IE genes are
the first group of genes expressed after the
virus enters the cell and can encode a variety
of functional proteins [24]. Among them, IE86
is one of the most abundantly expressed pro-
teins [28]. IE86 is first expressed by HCMV af-
ter infection and plays a crucial regulatory role
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in host cells. Previous studies
have confirmed that IES86 in-
hibits apoptosis and promotes
cell proliferation [25]. HNRNP
A2/B1 is a well-known splicing
factor that was successfully
identified as one of the com-
ponents of the immune com-
plex of IES6.

| apoptosis

Bl mRNA  BekxS mRNA \
/ l proliferation

In recent years, increasing at-
tention has been focused on
hnRNP A2/B1 because of its
overexpression in various tu-
mors, such as human glioma
tissues [26]. Additionally, em-
erging evidence shows that
the levels of hnRNP A2/B1
are strongly associated with a
poor prognosis and more aggressive tumor
phenotypes. Within human glioblastoma, it has
been found that hnRNP A2/B1 is a carcinogen-
ic driver that is closely associated with tumor
cell apoptosis, growth and survival [18, 26].
Thus, a potential approach to therapeutic inter-
vention in gliomas can be provided by targeting
hnRNP A2/B1. It has been found in this study
that the expression level of hnRNP A2/B1 can
be promoted by IE86. Importantly, the effect
of IE86 on proliferation and apoptosis can be
reversed dramatically by the knockdown of
hnRNP A2/B1. This result implies that hnRNP
A2/B1 is of great importance for IE86-mediat-
ed cellular activity. Splicing is of great impor-
tance for the creation of various protein iso-
forms having opposite functions by splicing in
particular sites in the pre-mRNA of the target
gene [27]. HNRNP A2/B1 serves as a well-char-
acterized RNA-binding splicing factor that has
been proven to regulate cell invasiveness, sur-
vival and proliferation through the replacement
of various pre-mRNA targets [5]. Bcl-x serves as
an example, which can be spliced to proapop-
totic Bcl-xS and antiapoptotic Bcel-xL. Various
viruses have developed important regulatory
proteins to prohibit apoptosis during long-term
evolution. This effect provides important condi-
tions for viral replication and infection [28].
Within tumor cells, it has been found that hn-
RNP A2/B1 serves as the basic system, and
hnRNP A2/B1 and Bcl-x pre-mRNA bind with
BC200 (an ER-regulated IncRNA) to generate
the BC200-Bcl-x-hnRNP A2/B1 complex, which
results in the promotion of Bcl-xL expression
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[20, 21] and the inhibition of Bcl-xS expression.
Meanwhile, it was shown that the ratio of Bcl-
xS/Bcl-xL at both the mRNA and protein levels
is attenuated by IE86, suggesting that the alter-
native splicing of Bcl-x has been inhibited.
Moreover, the inhibitory effect of IE86 on the
alternative splicing of Bcl-x in U251 cells was
attenuated by hnRNP A2/B1 knockdown Figure
5.

In conclusion, the results obtained in this study
indicate that IE86 promotes U251 cell prolifera-
tion and inhibits apoptosis by promoting the
hnRNP A2/B1-mediated signaling pathway. On
the one hand, IE86 inhibits the alternative
splicing of Bcl-x and decreases the ratio of
Bcl-xS/Bcl-xL by promoting the expression of
hnRNP A2/B1, which may be related to the
apoptosis pathway associated with IE86 inhi-
bition. On the other hand, IE86 promotes cell
proliferation by promoting an increase in the
expression of hnRNP A2/B1. Overall, the study
confirms the role of hnRNP A2/B1 on the ef-
fects of IE86 on tumor cell activity, and the
results are crucial for inhibiting tumor growth
and expanding new methods for tumor therapy
and prevention.
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