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MiR-155 promotes proliferation and inhibits
apoptosis of nasopharyngeal carcinoma cells
through targeting PTEN-PI3K/AKT pathway
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Abstract. - OBJECTIVE: Nasopharyngeal car-
cinoma (NPC) is a polygenic hereditary disease,
and the exact pathogenesis remains poorly un-
derstood. MiR-155 regulates the development
and progression of several tumors. However, the
role of MiR-155 in NPC has not been elucidated.

PATIENTS AND METHODS: The NPC cell line
CNEZ2 was cultured in vitro and divided into con-
trol group, miR-155 mimics group, and miR-155
inhibitor group, followed by analysis of miR-155
expression by real-time PCR, cell proliferation
by MTT assay, cell invasion by transwell cham-
ber, Caspase3 activity, apoptosis of CNE2 cells
by flow cytometry, and the expression of PTEN-
PIBK/AKT signaling pathway by Western blot.

RESULTS: Transfection of miR-155 mimics sig-
nificantly up-regulated miR-155 expression, pro-
moted the proliferation and invasion of CNE2
cells, inhibited Caspase 3 activity, and decreased
cell apoptosis, and PTEN expression, as well as
increased PI3K/AKT phosphorylation compared
with control group (p < 0.05). Transfection of miR-
155 inhibitor inhibited the proliferation and inva-
sion of CNE2 cells, increased Caspase 3 activity,
cell apoptosis, and PTEN expression, as well as
reduced PI3K/AKT phosphorylation. Compared
with control group, the differences were statisti-
cally significant (p < 0.05).

CONCLUSIONS: Up-regulation of miR-155 can
promote the proliferation of NPC cells and inhib-
it cell apoptosis by targeting the PTEN-PI3SK/AKT
pathway, thereby participating in the develop-
ment and invasion of NPC, indicating that it might
be a potential novel target for treating NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) originates
from the nasopharynx mucosal epithelial cells, and
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its incidence is high, ranking first in otolaryngol-
ogy malignant tumors'. Moreover, this incidence
has regional and ethnic characteristics and family
heredity, which occurs mostly in Southeast Asia.
The nasopharyngeal carcinoma in China is more
frequent in southern China, and the incidence rate
in southern coastal cities is significantly higher than
that in other regions**. At present, NPC is compli-
cated by the composition of the nasopharynx, which
is common in the top of the nasopharyngeal cavi-
ty, the pharyngeal crypt, and the sidewall. The site
of the disease is deep and concealed, and the early
progress is slow, which often leads to clinical mis-
diagnosis or delayed diagnosis, which increases the
difficulty of treatment*>. The treatment of nasopha-
ryngeal carcinoma lacks individualized specific
treatment methods and therapeutic drugs, mainly
radiotherapy. Since most patients with NPC are
already at an advanced stage, the treatment effect
is not satisfactory with lower 5-year survival rate.
The prognosis is poor especially in patients with ad-
vanced local metastasis of NPC*®. In the occurrence
and development of nasopharyngeal carcinoma, the
pathogenic factors are complicated. Moreover, the
NPC is affected by Epstein-Barr (EB) virus infec-
tion, genetic factors, dietary habits, and environ-
mental factors, and belongs to polygenic hereditary
diseases™®. NPC involves a series of genetic chang-
es, such as the activation of proto-oncogenes and/or
the inactivation of tumor suppressor genes, which
can disturb the physiological balance in the body,
leading to abnormal cell proliferation, and thus pro-
mote the occurrence and development of tumors®'°.
However, the exact pathogenesis of nasopharyngeal
carcinoma has not been elucidated so far. Therefore,
screening and identification of molecular markers
specific for the early diagnosis of NPC have great
significance to the early diagnosis and intervention.

Small molecule short-chain microRNAs (MiR-
NAs) can be expressed in large numbers in cells
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with a length of 18-25 nucleotides'. MiRNA binds
to the 3’ non-coding region of the corresponding
target mRNA, thereby exerting an inhibitory ef-
fect on downstream transcriptional target genes'?.
MiRNA has up to 200 target genes and can be
involved in the regulation of several diseases".
MicroRNAs play a role in tumorigenesis and can
act as tumor markers, as oncogenes that promote
tumor growth or as tumor suppressor genes that
inhibit the growth of latent malignant cells".
MiR-155 is expressed in multiple organs such as
the thymus and spleen, and has been shown to be
highly expressed in various tumors such as lung
cancer and breast cancer'>'®, However, the expres-
sion and mechanism of miR-155 in nasopharyn-
geal carcinoma cells have not been fully elucidat-
ed. Therefore, the aim of this investigation is to
explore the role of miR-155 in the development
and progression of nasopharyngeal carcinoma.

Materials and Methods

Main Reagents and Instruments

The nasopharyngeal carcinoma cell line CNE2
was preserved in our laboratory and stored in
liquid nitrogen. Dulbecco’s Modified Eagle’s
Medium (DMEM), fetal bovine serum (FBS),
and cyan chain double antibody were purchased
from HyClone (South-Logan, UT, USA). Dimeth-
yl sulfoxide (DMSO), MTT (3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyl tetrazolium bromide)
powder was purchased from Gibco (Grand Is-
land, NY, USA); ethylenediaminetetraacetic acid
(EDTA) digest was purchased from Sigma-Al-
drich (St. Louis, MO, USA). Polyvinylidene di-
fluoride (PVDF) membrane was purchased from
Pall Life Sciences (Port Washington, NY, USA),
EDTA was purchased from HyClone (South-Lo-
gan, UT, USA), and Western blot related chemical
reagent was purchased from Shanghai Biyuntian
Biotechnology Co., Ltd. (Shanghai, China); en-
hanced chemiluminescence (ECL) reagent was
purchased from Amersham Biosciences (Little
Chalfont, Buckinghamshire, UK), rabbit anti-hu-
man phosphatase and tensin homolog (PTEN)
monoclonal antibody, rabbit anti-human p -AKT,
p-PI3K, MMP2, AKT, PI3K mAb, and mouse an-
ti-rabbit horseradish peroxidase (HRP)-labeled
IgG secondary antibody were purchased from
Cell Signaling Technology (Danvers, MA, USA).
The transwell chamber was purchased from
Corning (Corning, NY, USA). The Caspase3 ac-
tive kit was purchased from Nanjing Jiancheng
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Company (Nanjing, China). The RNA extraction
kit, reverse transcription kit, and lipo2000 reagent
were purchased from Invitrogen (Carlsbad, CA,
USA). TagMan MicroRNA Reverse Transcription
Kit was purchased from Thermo Fisher Scientif-
ic (Waltham, MA, USA). MiR-155 mimics and
inhibitors were synthesized by Shanghai Jima
Pharmaceutical Technology Co., Ltd (Shanghai,
China). Other commonly used reagents were
purchased from Shanghai Shenggong Biological
Co., Ltd (Shanghai, China). The ultra-clean work-
bench was purchased from Suzhou Sutai Purifi-
cation Equipment Engineering Co., Ltd (Suzhou,
China). Thermo Scientific Forma Carbon Diox-
ide (CO,) incubator was purchased from Thermo
Fisher Scientific (Waltham, MA, USA). ABI 7700
Fast Quantitative PCR Reactor was purchased
from ABI (Waltham, MA, USA). The inverted
microscope was purchased from Olympus Cor-
poration (Shinjuku, Tokyo, Japan).

CNEZ Cell Culture and Grouping

The liquid nasopharyngeal carcinoma cell line
CNE2 was stored in liquid nitrogen, thawed in a
37°C water bath. When the cells were completely
thawed, they were centrifuged at 1000 rpm for 3
min and resuspended in 1 ml of fresh DMEM me-
dium, transferred to a 5 ml cell culture flask con-
taining 2 ml of fresh DMEM medium, and cultured
at 37°C with 5% CO, in a saturated humidity incu-
bator for 24-48 h. The CNE2 cells were seeded in a
culture dish at 1x10° cells/cm? containing 10% fetal
bovine serum (FBS), 90% high glucose DMEM
medium (containing 100 U/ml penicillin, 100 pg/
ml streptomycin), and cultured at 37°C with 5%
CO,. The study used 3-8 generation logarithmic
growth phase cells. Cultured CNE2 cells were ran-
domly divided into 3 groups, control group, miR-
155 mimics group, and miR-155 inhibitor group.

Liposome Transfection of MiR-155
Mimics and MiR-155 Inhibitor

MiR-155 mimics and miR-155 inhibitor were
transfected into CNE2 cells, respectively. The
miR-155 mimics sequence was 5’-GAUCGGU-
AGUUGUGCACA-3’. The miR-155 inhibitor se-
quence was 5’-CGGAGUGCAUAUGUGCUA-3".
The cell density was fused to 70-80%; the miR-155
mimics and miR-155 inhibitor, and the negative
control liposome were separately added to 200 pl
of serum-free DMEM medium, mixed well, and
incubated at room temperature for 15 min. The
mixed 1ipo2000 was mixed with miR-155 mim-
ics and miR-155 inhibitor dilutions, and incubated
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for 30 min at room temperature. The serum of the
cells was removed, and cells were rinsed with PBS
followed by addition of 1.6 ml serum-free DMEM
medium and cultured in a 5% CO, incubator. The
serum culture solution was changed at 37°C for 6

h, and the culture was further continued for 48 h.

Real-Time PCR Detection of MiR-155
Expression

Total RNA was extracted using TRIzol re-
agent, and DNA reverse transcription synthesis
was performed according to the kit instructions.
The primers were designed by Primer Premier 6.0
according to each gene sequence and synthesized
by Shanghai Yingjun Biotechnology Co., Ltd.
(Table I). Real-time PCR was conducted for de-
tection of the gene of interest with reaction con-
ditions as follows: 55°C 1 min, 92°C 30 s, 58°C
45 s, 72°C 35 s, a total of 35 cycles. Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) was
used as a reference. According to the fluorescence
quantification, the starting cycle number (CT) of
all samples and standards was calculated. Based
on the standard CT value, a standard curve was
drawn, and then the semi-quantitative analysis
was carried out using the 2-ACt method.

MTT Assay to Detect Cell Proliferation

The logarithmic growth phase CNE2 cells
were collected from DMEM medium containing
10% fetal bovine serum in a 96-well culture plate
at a cell number of 5x10°, and the supernatant
was discarded after 24 h of culture. Cells in each
group were treated at intervals of 24 h followed
by the addition of 20 pl of sterile MTT. 3 replicate
wells were set at each time point. After 4 h of con-
tinuous culture, the supernatant was completely
removed, and dimethyl sulfoxide (DMSO) 150 pl/
well was added for 10 min incubation. When the
purple crystals were fully dissolved, the absor-
bance (A) value was measured at a wavelength of
570 nm to reflect cell proliferation.

Transwell Chamber to Detect Cell Invasion

After 48 h of transfection, cells in each group
were cultured in Dulbecco’s Modified Eagle’s

Table I. Primers sequences.

Medium (DMEM) containing 10% fetal bovine
serum (FBS), and, then, cultured for 24 h in se-
rum-free DMEM medium. The bottom of the
transwell chamber and the upper chamber of the
membrane were coated with 50 mg/L Matrigel 1.5
dilution and air-dried at 4°C. The residual liquid
in the plate was aspirated, and 50 pl of serum-free
medium containing 10 g/L of bovine serum albu-
min (BSA) was added to each well and incubated
at 37°C for 30 min. The transwell chamber was
placed in a 24-well culture plate, and 500 ul of
DMEM medium containing 10% fetal bovine se-
rum was added to the small chamber, followed by
addition of 100 pl tumor cell suspension to the
chamber and cultured in serum-free DMEM me-
dium. At the same time, cells in the same condi-
tions were added to the transwell chamber with-
out Matrigel as a control. The cells were cultured
for 48 h. The transwell chamber was taken out,
rinsed with PBS, and cells in the upper layer of
the microporous membrane were wiped off with a
cotton swab, fixed in ice ethanol, and stained with
crystal violet for 30 min. The cells transferred
to the lower layer of the microporous membrane
were counted under an inverted microscope. 10
fields of view were counted for each sample, and
the average was calculated.

Western Blot

The total protein of each group was extract-
ed: the lysate was added, the cells were lysed
on ice for 15-30 min, the cells were disrupted
by sonication for 5 s X 4 times, centrifuged at
4°C, 10 000 x g for 15 min, and the superna-
tant was transferred to a new Eppendorf (EP)
tube followed by quantification of the protein
concentration by the bicinchoninic acid (BCA)
assay which was stored at —20°C for Western
blot experiments. The isolated protein was
electrophoresed on a 10% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE), transferred to a PVDF membrane
by semi-dry transfer, blocked with 5% skim
milk powder for 2 h and incubated with pri-
mary antibody 1:2000, 1:2000, 1:1000, 1:1500,
1:1000 diluted p-AKT, p-PI3K, PTEN, AKT,

Gene Forward 5°-3’ Reverse 5-3’
GAPDH AGTACCGTCTAGTCTGG TAATAGAATGTCGGCTGGT
Mir-155 CCTACAGACCCTCTGTAAG GCATTCCGACTGGGTATGATT
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PI3K monoclonal antibody at 4°C overnight.
After Phosphate-Buffered Saline and Tween 20
(PBST) washing, the membrane was incubated
with 1:2000 diluted goat anti-rabbit secondary
antibody for 30 min followed by washing with
PBST and addition of chemiluminescence for
1 min. Then, the membrane was exposed and
developed. X-film and strip density measure-
ments were separately scanned using protein
image processing system software and Quanti-
ty one software. The experiment was repeated
four times (n=4).

Caspase3 Activity Detection

The changes in Caspase3 activity in each group
of cells were assessed according to the kit instruc-
tions. Trypsin-digested cells were centrifuged at
600 g at 4°C for 5 min, followed by the addition of
cell lysate and lysed on ice for 15 min. After that,
cells were centrifuged at 20000 g at 5°C for 5 min
and 2 mM Ac-DEVD-pNA was added to measure
optical density (OD) at 405 nm wavelengths to re-
flect Caspase3 activity.

Flow Cytometry Analysis of Cell Apoptosis

Tumor cells were digested, counted, and in-
oculated into 50 mL culture flasks at a concen-
tration of 5x10°mL, and randomly divided into
3 groups with treatment being mentioned above,
with 3 bottles in each group. After transfection
treatment for 48 h, the cells were counted after
routine digestion, and the cells of each group
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Control miR-155 mimics ~ miR-155 inhibitor
Figure 1. Effect of miR-155 on the expression of miR-155
in nasopharyngeal carcinoma cell line CNE2. Compared

with the control group, *p < 0.05.
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were collected. The number of cells collected was
about 2x10%, and washed with 1xPBS, fixed with
pre-cooled 75% ethanol, and incubated overnight
at 4°C. After 1xPBS washing, cells were resus-
pended in a mixed solution of 800 pul 1xPBS and
1% bovine serum albumin (BSA) followed by ad-
dition of 100 pg/ml propidium iodide (PI) solution
(3.8% Sodium Citrate, pH 7.0) and 100 RNAase
(RnaseA, 10 mg/ml) and incubated at 37°C for 30
min under the dark. Then, cell apoptosis was de-
tected by flow cytometry.

Statistical Analysis

All data are expressed as mean =+ standard de-
viation (SD). The mean values of the two groups
were compared by Student’s z-test test and ana-
lyzed by SPSS 11.5 software (SPSS Inc., Chicago,
IL, USA). The differences between groups were
analyzed by analysis of variance (ANOVA) and
Dunnett’s test. p < 0.05 was a statistically signif-
icant difference.

Results

Effect of MiR-155 on MiR-155 Expression
in CNEZ Cells

The effect of transfection of miR-155 mimic
and inhibitor on the expression of mir-155 in naso-
pharyngeal carcinoma cell CNE2 was detected by
Real-Time PCR. The results showed that transfec-
tion of miR-155 mimics in CNE2 cells significant-
ly promoted the expression of miR-155 compared
with control group (p < 0.05). Transfection of miR-
155 inhibitor in CNE2 cells significantly inhibited
the miR-155 expression (p < 0.05; Figure 1).

Effect of MiR-155 on the Proliferation
of CNEZ Cells

The effects of transfection of miR-155 mimic
and inhibitor on the proliferation of CNE2 cells
were detected by MTT assay. Transfection with
miR-155 mimic significantly promoted the pro-
liferation of CNE2 cells compared with control
group (p < 0.05). Whereas, miR-155 inhibitor
transfection significantly inhibited the prolifera-
tion of CNE2 cells (p < 0.05; Figure 2).

Effect of MiR-155 on Caspase3 Activity
in CNEZ Cells

When transfected with miR-155 mimic to pro-
mote the expression of miR-155, Caspase 3 activ-
ity was significantly inhibited (p < 0.05). When
transfected with miR-155 inhibitor to inhibit the
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Figure 2. Effect of miR-155 on the proliferation of naso-
pharyngeal carcinoma CNE2 cells. Compared with the con-
trol group, * p < 0.05.

expression of miR-155, Caspase 3 activity was
significantly increased (p < 0.05) (Figure 3).

Effect of MiR-155 on Apoptosis
of CNEZ Cells

In CNE2 cells transfected with miR-155 mim-
ic, the apoptosis rate of tumor cells was signifi-
cantly inhibited compared with control group (p
< 0.05). However, in CNE2 cells transfected with
miR-155 inhibitor, the apoptosis of tumor cells
was significantly increased (p < 0.05; Figure 4).
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Figure 3. Effect of miR-155 on caspase3 activity in na-
sopharyngeal carcinoma CNE2 cells. Compared with the
control group, * p <0.05.

Effect of MiR-155 on Invasion
of CNEZ Cells

Transwell chamber analysis showed that, when
miR-155 mimic was transfected to promote the
expression of miR-155 in CNE2 cells, it could sig-
nificantly promote tumor cell invasion (p < 0.05).
When miR-155 expression in carcinoma CNE2
cells was inhibited, the invasion of tumor cells
was significantly decreased (p < 0.05; Figure 5).

Effect of MiR-155 on the Expression
of PTEN-PI3K/AKT in CNEZ Cells
Transfection of miR-155 mimics decreased
PTEN expression and increased PI3K/AKT phos-
phorylation. Whereas, transfection of miR-155
inhibitor increased the expression of PTEN and
decreased the expression of PI3K/AKT phosphor-
ylation (Figure 6).

Discussion

Nasopharyngeal carcinoma is concealed due to
its location. Most patients are already in advanced

A . Control miR-155 mimics miR-155 inhibitor
3 " "
1 i -1
3 E tom B P bt
- g T -
i ol o
Ll - _""11:‘ ““,,‘5 Hu-l‘ |v||-::||||||‘:1¥\lt“ hml“‘l\ ll‘;l\vlllq}lnl i
0 10 10 10 100 10 10 10 10 10
B 30 -
25 = *
L2 20+
o
)
0
]
Q -
B 15
Q
<

Control miR-155 mimics miR-155 inhibitor

Figure 4. Effect of miR-155 on apoptosis of nasopharyn-
geal carcinoma CNE2 cells. A, Flow cytometry regulates the
effect of miR-155 on apoptosis of nasopharyngeal carcinoma
CNE2 cells; B, Cell apoptosis rate analysis; comparison of
control group, * p <0.05.
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Figure 5. Effect of miR-155 on invasion of nasopharyn-
geal carcinoma CNE2 cells. A, Transwell chamber analysis
regulates the effect of miR-155 on invasion of nasopharyn-
geal carcinoma CNE2 cells (x100); B, Cell invasion ability
analysis; comparison of control group, * p < 0.05.

stage at the time of receiving treatment, and most
NPC is a poorly differentiated non-keratinized
squamous cell carcinoma with high malignan-
cy, strong invasive ability, and easy metastasis'’.
Therefore, NPC often requires radiotherapy for
treatment, but is not sensitive to other treatment
methods. Determining effective molecular mark-
ers can help evaluate the treatment efficacy and
prognosis of patients with nasopharyngeal carci-
noma, and help individualized treatment, which
might bring new hope for the diagnosis and treat-
ment of clinical nasopharyngeal carcinoma's,
Small molecule nucleotide MiRNA has a wide
range of regulatory functions and plays an import-
ant role in physiological and pathological environ-
ments, and can be involved in biological process-
es such as cell proliferation, differentiation, and
apoptosis'”®. The transcriptional regulation level,
pathological state, environmental changes, and
other factors can lead to changes of MiRNA ex-
pression, so the expression and regulation mech-
anisms of MiRNA may be different”. MiRNA
is associated with a variety of diseases, and it is
closely related to tumors. It is an important tar-
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get in the diagnosis and prognosis of tumors and
has become a research hotspot in recent years?'.
The results of this study showed that increase
of miR-155 expression in nasopharyngeal carci-
noma cells can promote tumor cell proliferation
and invasion, decrease caspase activity, increase
apoptosis rate, whereas, inhibition of the expres-
sion of miR-155 in NPC cells inhibits tumor cell
proliferation and invasion, increases Caspase ac-
tivity, and reduces cell apoptosis, which is similar
to the expression and effect of miR-155 in other
tumors'. The most active Caspase apoptosis fam-
ily is Caspase 3, which is an executive factor of
cell apoptosis. Increased Capspase3 activity can
induce tumor cell apoptosis®2. The results suggest
that the development and progression of NPC can
play a role in promoting cancer, which can pro-
mote the proliferation of NPC cells, inhibit cell
apoptosis, and promote invasion and metastasis.
PTEN is a tumor suppressor gene and belongs
to a class of genes that negatively regulate cell
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Figure 6. Effect of miR-155 on the expression of PTEN-
PI3K/AKT in nasopharyngeal carcinoma CNE2 cells. A,
Effect of regulation of miR-155 on PTEN expression in na-
sopharyngeal carcinoma CNE?2 cells; B, Effect of regulation
of miR-155 on PI3K/AKT expression in nasopharyngeal
carcinoma CNE2 cells.
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proliferation. It can inhibit the development of
tumors by antagonizing the activity of phos-
phorylases such as tyrosine kinases*. The AKT/
PI3K signaling pathway is closely related to tu-
morigenesis, and its activation can lead to tumor
cell proliferation, cell cycle, and progression.
Studies®*** have confirmed that nasopharyngeal
carcinoma progression is associated with AKT/
PI3K signaling pathway. This study further in-
vestigated its mechanism and found that up-reg-
ulation of miR-155 expression in nasopharyngeal
carcinoma CNE?2 cells leads to decreased PTEN
expression and increased PI3K/AKT phosphor-
ylation. Inhibition of miR-155 expression in
CNE2 cells promoted the increase of PTEN ex-
pression and decreased phosphorylation of PI3K/
AKT. This result indicates that miR-155 is close-
ly related to PTEN-PI3K/AKT regulation. At
present, the mechanism of miR-155 in regulating
the proliferation and apoptosis of NPC cells is
rare. This study intends to further analyze the
expression profile of miR-155 in tumor tissues
of patients with clinical NPC and its correlation
with treatment prognosis, and analyze its possi-
ble mechanism, which provides a new theoreti-
cal basis for clinical diagnosis and treatment of
nasopharyngeal carcinoma.

Conclusions

The up-regulation of miR-155 promoted the
proliferation of nasopharyngeal carcinoma cells
and inhibited the apoptosis of NPC cells, which
is possible by targeting the PTEN-PI3K/AKT
pathway, thus participating in the process of inva-
sion and metastasis of NPC. The proliferation of
cancer cells promoted apoptosis and inhibited the
occurrence and invasion of nasopharyngeal carci-
noma. Therefore, miR-155 might be used as a new
molecular target for the diagnosis and treatment
of nasopharyngeal carcinoma.
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