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Abstract: MicroRNAs (miRNAs) are a class of short and non-coding RNA molecules that are capable of inhibiting
translation of mMRNAs of target genes. Previous studies have revealed that miRNAs are involved in the tumorigen-
esis and development of lung cancer. The Rnase-resistance of circulating miRNAs made it valuable non-invasive
biomarkers and had attracted extensive research interests. The aim of the present study was to investigate the role
of miR-223 in non-small cell lung cancer (NSCLC). The miRNA profiling showed a significantly differential expression
of miR-205 and miR-223 between NSCLC tissue and normal adjacent tissues. Higher serum miR-233 level is cor-
responding to better survival, while miR-205 did not show difference regarding correlation of survival rate with its ex-
pression level. Using TargetScan predicting server, E2F1 was selected as a candidate target of miR-223, which was
validated via luciferase assay. Further, overexpression of E2F1 counteracted the inhibitory effect of miR-223 on cell
proliferation, and alleviates the proapoptosis by miR-223. Considering the deregulation of E2F1 had been reported
in chemoresistant cells, we investigated the role of miR-223 in gefitinib challenged A549 cells. The tumor volume
growth of mice injected with cells carrying lentivirus mediated miR-223 showed significantly decrease than control
when both group treated with gefitinib on 15" day, which is consistent with survival analysis of those nude mice.
These evidences point to the prospect of utilizing miR-223 in the prognosis of NSCLC patients under chemotherapy.
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Introduction ter therapies and monitoring strategies for late-
stage and aggressive disease that do not
Lung cancer is one of the most lethal carcino- depend on particular mutations.
mas among world population, which contrib-
utes to 27% of all cancer death [1]. Among vari-

ous subtypes, non-small cell lung cancer

Previous studies revealed distinct protein-cod-
ing mutations as well as aberrantly expressed

(NSCLC) accounts for approximately 85% of all
lung cancer cases and was considered as a
refractory subtype, which is probably due to
accumulation of mutations in RAS and p53
pathways [2]. Although substantial improve-
ments have been made in diagnosis of lung
cancer, the diagnosis rate is still undesired.
Particulately, 25% of the diagnosed cases have
already developed regional metastasis and
55% of them have distant metastasis, which
made the therapy considerably intractable [3].
Indeed, with surgical resection at early stage,
the 5-year survival rates is now approaching
70% [4]. However, there is still a demand of bet-

miRNAs profiles. miRNAs are 19-25 nucleotide-
long endogenous noncoding RNAs which serve
as critical components in regulating gene
expression [5]. They bind to the target gene
sequence with perfect or imperfect comple-
mentarity, thereby regulating the degradation
or deterring the transcription of targets. Among
those abnormally expressed miRNAs, let-7 and
miR-34 are the most frequently reported miR-
NAs and the reduction of them in NSCLC is par-
ticularly associated with oncogenic phenotype
of NSCLC, since they target key oncogenes
implicated in multiple pathways that are con-
tributory to tumorigenesis and maintenance of
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oncologic properties, such as RAS, MET and
MYC [6-8]. Recently, the Rnase-resistant circu-
lating microRNAs (miRNAs) have garnered
extensive attention, and were frequently report-
ed as a promising component for early detec-
tion and prediction of outcomes of cancers [9].
According to recent estimation, about 50% of
annotated human miRNAs are detected in
tumor tissues, including lung cancer [10, 11].
Increasing evidence showed that subsets of
mMiRNAs hold promise as diagnostic and prog-
nostic biomarkers in malignancies [12]. Albeit
some miRNAs have been recognized, consider-
ing the heterogeneity of NSCLC, novel discovery
of potential biomarker is still needed.

In this study, we firstly performed miRNA profil-
ing on tumor tissue and their adjacent normal
tissues based on a pre-designed list of candi-
dates, and identified miR-205 and miR-223 as
research interest due to their significant fold
changes between tumor and normal tissues.
We then examined this finding in a cohort con-
sisting of 126 patients and 100 normal con-
trols, investigating the miR-223 and miR-205
content in their serum. Consequently, we found
miR-223 has striking fold change between
patients and normal control, while miR-205
showed much compromised absolute fold ch-
ange. Furthermore, the individuals with high
miR-223 expression presented higher survival
rate than those with low miR-223 expression,
and this was not observed in miR-205. Len-
tivirus-mediated overexpression of miR-223
respectively decreased the cell growth and
increased the apoptosis, whereas silencing of
miR-223 showed the opposite effect. Targe-
tscan predicted E2F1 as a target of miR-223,
which wasvalidated by luciferase assay, as well
as diminished E2F1 by overexpressing miR-223
and vice versa. As E2F1 has been highly impli-
cated in drug resistance, we further investigat-
ed the effect of miR-223 on sensitivity of nude
mice transplanted with miR-223 mimics and
miR-223 antagomir overexpressing cells to gefi-
tinib. Tumor size was significantly reduced in
mice transplanted with miR-223 mimics over-
expressing cells, and increased by xenografting
cell overexpressing miR-223 antagomir. In addi-
tion, significantly elevated survival rate of miR-
223 mimics overexpressing xenograft than
control further support the hypothesis that
miR-223 can be a promising prognostic
biomarker.
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Material and methods
Patients and samples

For miRNA expression level assay, three tumor-
matched samples were obtained from NSCLC
patients who received surgery in Huai’an
People’s First Hospital. For serum miRNA level
experiments, 126 patients who were diagnosed
with NSCLC at Huai’an People’s First Hospital
during from August, 2011 to September, 2014
were recruited. All studied patients were elder
than 18 years of age, and had a pathological
diagnosis of NSCLC as per histological or cyto-
logical criteria via biopsy or surgical resection.
Those patients do not have a history of lung
cancer, other cancers, or synchronous multiple
cancers, never chemotherapy or radiotherapy
before the blood were sampled. Tumor-node-
metastasis (TNM) staging was performed as
per relevant specification of American Joint
Commission. Health control group recruited
from the individuals taking physical examina-
tion at Healthy Physical Examination Center of
Huai’an People’s First Hospital. The checked
items include chemistry profile, baseline elec-
trolytes, blood cell counts, CEA and AFP, C-reac-
tive protein, type-B ultrasound at abdomen and
pelvis, and a chest X-ray. Individuals showed
abnormality in any one of those items or have
findings suggesting pulmonary pathology or
constitutional symptoms were excluded. Writ-
ten informed consents were obtained from
patients and healthy individuals, followed by
face-to-face interviews regarding demographic
origins and locations, as well as exposure to
smoking. The ever smokers were defined as
those smoked one cigarette per day for over
one year, and current smokers were those kept
smoking.

RNA isolation and serum miRNA qRT-PCR as-
say

Venous blood samples were collected and cen-
trifuged at 800 g for 12 min at room tempera-
ture to separate serum. Another round of cen-
trifugation at 10,000 g at room temperature for
15 min was performed to completely remove
cell debris. Total RNA was extracted using Trizol
Reagent (Invitrogen), which wasthen reversely
transcribed to cDNA using AMV reverse tran-
scriptase (Takara). Real-time PCR was conduct-
ed with Tagman miRNA probes. All experiments
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Figure 1. A. Profiling of miRNAs in NSCLC tissues. X
axis represent absolute fold change of miRNAs be-
tween NSCLC tissues and normal adjacent tissues,
y axis represents -log10 transformed p-values calcu-
lated by t-test. B. Survival analysis on patients with
high miR-205 expression and with low miR-205 ex-
pression in serum. X axis represents survival days
and y axis indicates percentage of survival. C. Sur-
vival analysis on patients with high miR-223 expres-
sion and with low miR-223 expression in serum. X
axis represents survival days and y axis indicates
percentage of survival.

were performed triplicate. For miRNA level
detection of tumor-matched samples, the rela-
tive amounts of miRNA were normalized to
internal miRNA controls RNUGB. For serum
mMiRNA level detection, Ct values were deter-
mined using the fixed threshold settings, which
were then corrected according to standard
amplification curve of series synthetic miRNA
oligonucleotides of known concentrations.
Since RNUGB can be degraded in serum, the
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expression levels of miRNAs were directly nor-
malized to total RNA.

Cell culture and miRNAs transfection

The human non-small cell lung cancer cell line
A549 was procured from Shanghai Institute of
Cell Biology. The A549 cells were cultured in
RPMI 1640 (Thermo Fisher Scientific, Inc.) sup-
plemented with 10% fetal bovine serum and
100 units/ml penicillin and 100 pg/ml strepto-
mycin (Invitrogen) at 37°C, 5% CO, in humidi-
fied incubator. After growing to 70%~80% con-
fluence, A549 cells were transfected with
miR-223 mimics, antagomir or scramble sequ-
ence as control (Thermo Fisher Scientific, US)
for 24 h at roomtemperature. Transfection was
mediated by lentiviral vector GV259 (Shanghai
GeneChem Co., Ltd.). The A549 cells were
seeded at 5x10* with 2x10° lentivirus-trans-
ducing units in the presence of 10 yg/ml poly-
brene in a 24-well plate. miR-223 mimics and
miR-223 antagomir were synthesized by
GenePharma (Shanghai, China). For drug-resis-
tance assay, medium containing 0.1 pmol/L
gefitinib was used to replace the original medi-
um after cell adhesion.

Cell viability assay

A549 cells were seeded in 96-well plates at a
density of 2x10% cells/cm? with 100 ul cell
culture medium. Cell viability was assessed
using Cell Counting Kit 8 (CCK-8, Dojindo
Laboratories) at different time points: O h, 24 h,
48 h and 72 h by a microplate reader by spec-
trophotometry at 450 nm.

Western blot assay

Cells were lysed in NP-40 buffer containing
150 mM NaCl, 1.0% NP-40, 50 mM Tris-HCI
and protease inhibitors (Roche) and 1 mM
phenylmethyl sulfonylfluoride for 30 minutes on
ice. The supernatant was subject to protein
denaturation with buffer containing 2% sodium
dodecylsulfate (SDS; Sigma), was subsequently
analyzed using SDS-PAGE and monoclonal anti-
body against E2F1, PCNA and cleaved cas-
pase-3. The resultant gel was then washed and
covered by appropriate horseradish peroxi-
dase-conjugated Ig secondary antibodies.
Enhanced chemiluminescence (GE Healthcare)
was used to detect the staining.

Int J Clin Exp Pathol 2017;10(3):2723-2733



mMiR-223 inhibits tumor development of NSCLC through targeting E2F1

Table 1. Characteristics of patients and their serum content of miR-223 and miR-205

Variable NSCLC (n=126) Control (n=100) P-value
Age <60 55 45 0.893
>60 71 55
Female 23 21 0.866
Smoking status Current 67 51 0.9472
Ever 28 23
Never 31 26
Histological types Adenocarcinoma 64
Squamous cell carcinoma 47
Large cell carcinoma 15
Stage | 35
Il 11
I 52
v 28
Other diseases None 117 98 0.2586
Cardiac dysfunction 3
Active infection 5 2
Neurologic disorders 1
miR-205 25.77+6.78 15.50+5.47 <0.001
miR-223 20.05+£7.54 40.8249.18 <0.001

Apoptosis by flow cytometry

Annexin V and propidium iodide (PI) flow cytom-
etry was used to measure apoptosis in fibro-
blasts. Fibroblasts were plated in 6-well plates
at a density of 2x10° cell/cm?. After 48 hrs
transfection with miR-223 mimics and anta-
gomirs, 100 pL cells were suspended in 1x
Annexin-binding buffer and then incubated with
5 pL fluorescein isothiocyanate (FITC) annexin
V and 5 pL PI (Invitrogen, US) for 15 min at
room temperature in darkness. After adding
400 uL to each replicate, the viability and
apoptosis were analyzed by flow cytometry
under 530 nm and >575 nm, respectively (BD
Bioscience).

Luciferase assay

E2F1 3'UTR and its mutated counterpart se-
guence plasmids were constructed. Cells were
seeded in a 24-well plate at cell density of
1x10°5 cells/well. After 24 hours of culture, cells
were co-transfected with firefly luciferase
reporter plasmids respectively containing wild-
type or mutant E2F1 3'UTR pRLTK vector
expressing Renilla luciferase, and miR-223 or
miRNA negative control via Lipofectamine
2000 (Invitrogen). Firefly and Renilla luciferase
activities were measured after 36 hours by
Dual Luciferase Reporter Assay (Promega, US).
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Each transfection was performed twice in
triplicate.

In vivo experiments

Around 4-6 weeks old male nude mice were
purchased from Shanghai Experimental Animal
Center of the Chinese Academy of Sciences,
which were housed under specific pathogen-
free conditions at room temperature and less
than 40% humidity. Excess food and water
were provided. For tumor growth assay, 15
mice were randomly allocated to 3 groups:
Control, Gefitinib treated, and miR-223+ Gefi-
tinib. A total of 2x10° control A549 cells and
A549 cells overexpressing miR-223 were sub-
cutaneously injected into the lower quadrant of
the mice. When the tumor reached 80-90 mm?,
gefitinib was intragastrically administered to
each mouse for 16 days on daily basis. The
tumor size was evaluated every 3 days for 4
weeks using calipers. The tumor volume was
calculated as V=(length x width?)/2. Further, to
analyze the survival of different groups, 15
mice were randomly allocated into control,
Gefitinib treated, and miR-223+ Gefitinib group.
Gefitinib administration was conducted when
the tumor size reached 70-90 mm3. After the
mice suffered from limitations in activities and
significant weight loss, they were sacrificed by
cervical dislocation. All the animal raise and
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Figure 2. A. Cell viability assay of A549 cells transfected with g ]
miR-223 mimics and miR-223 antagomirs. X axis indicates time 2 g1 s
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plied by 10°. *: P<0.05; **: P<0.01 (t-test). B. Apoptosis assay ] s |
of A549 cells transfected with miR-223 mimics and miR-223 10° ;
antagomirs. Y axis represents apoptosis percentage. *: P<0.05;
**: P<0.01 (t-test), error bar: standard error. C. Representative 1
example of Annexin V flow cytometry analysis. Y-axis indicates R R
1

propidium iodide (Pl) staining and x-axis shows Annexin V-FITC F e T o
staining. Upper left quadrant represents necrosis, upper right
shows late apoptosis and lower right shows early apoptosis.

experiment were approved by the Institutional
Animal Care and Use Committee of Huai’an
People’s First Hospital.

Statistical analysis

Each biological replicate has three technical
replicates to calculate the average value of
each parameter. Data are reported as mean +
SD. Kaplain-Meier analysis was applied to ana-
lyze survival data. Student’s t-test was used to
test the significance of differences, and P<0.05
was considered significant.
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Results

miR-223 and miR-205 were differentially ex-
pressed between NSCLC and normal adjacent
tissues

We quantified 60 miRNAs in NSCLC and corre-
sponding normal adjacent tissues to identify
the miRNAs that were differentially expressed
between them. Absolute fold change and p-val-
ue calculated based on t-test were used as
measurement of differential expression. As
shown in Figure 1A, miR-205 and miR-223 had

Int J Clin Exp Pathol 2017;10(3):2723-2733
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Figure 3. A. Sequence of wild type E2F1 3’ UTR, mutant E2F1 3’ UTR, and
miR-223. B. Relative luciferase activity of miR-223 mimic + E2F1 3'UTR
WT vs. miR-223 mimic + E2F1 3'UTR MUT. **P<0.01, vs. Scramble. C.
Western blot of E2F1, PCNA, cleaved caspase-3 in A549 cells transfected
with miR-223 mimic and miR-223 antagomir expressing vectors. D. Rela-
tive E2F1 mRNA level of A549 cells transfected with miR-223 mimic and

miR-223 antagomir expressing vectors.

predominantly higher absolute fold changes.
Further, the serum content of miR-205 and
miR-223 were examined in 126 NSCLC patients
and 100 normal people. The clinical character-
istics of those patients were described in Table
1. The average age and smoking status were
not significantly different between two groups.
miR-205 was upregulated in the serum of
NSCLC patients, while miR-223 was downregu-
lated, both with fold change less than that
found in between miRNA profiling of cancer and
normal adjacent tissues.
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5 GAAAGUGAGGGAGGGAGACAGACUGACUU 3
3" CCCCAUAAACUGUUUGACUGU &

5 GAAAGUGAGGGAGGGAGACAGCUCGCCUU 3’

B 3 Scramble+E2F1 3UTRWT
EEd miR-223+E2F1 3UTRWT
Scramble+E2F1 3UTR MUT
miR-223+E2F1 3UTR MUT

=3 Control
miR-223 mimics
E3 miR-223 antagomirs

To investigate if both miRNAs
are correlated with survival ra-
te, we performed Kaplain-Meier
survival analysis on high miRNA
expression and Ilow miRNA
expression patients, respective-
ly. The survival rate of high and
low miR-205 expression did not
show significant difference (P-
value =0.6029 by Mantel-Cox
test), whereas high miR-223
expressed patients have signifi-
cantly higher survival rate than
low miR-223 expressed patients
(P-value =0.0269 by Mantel-
Cox test).

Overexpression of miR-223
suppresses proliferation and
promotes apoptosis of A549
cells

In previous section, we demon-
strated that miR-223, instead of
miR-205, is associated with sur-
vival rate of NSCLC patients.
However, more direct evidence
implicating its suppressive role
in progression of NSCLC are still
needed. Thus, we used the
human NSCLC cell line A549
transfected with miR-223 mim-
ics and antagomirs to investi-
gate whether miR-223 inhibit
the progression of NSCLC cells.
Cell proliferation and apoptosis
were two events critical for can-
cer progression. Overexpression
of miR-223 by transfecting miR-
223 mimics resulted in reduced
cell proliferation and higher
apoptosis percentage in A549
cells, and down-regulation of
miR-223 by transfecting miR-223 antagomirs
produced the opposite effects (Figure 2A-C).

E2F1 is a target of miR-223

Since miRNAs function by mediating partial or
entire degradation of mRNAs of target genes,
determination of target genes are critical for
elucidating the role of miR-223 in NSCLC. To
address this, we adopted Targetscan, a tool
based on searching for the presence of 8 mer,
7 mer, and 6 mer sites that match the seed
region of each miRNA, to predict target genes

Int J Clin Exp Pathol 2017;10(3):2723-2733
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Figure 4. A. Cell viability assay of A549 cells co-trans-
fected with miR-223 mimics and E2F1 expressing
vectors. X axis indicates time period after transfec-
tion, y axis represents cell counts multiplied by 10°.
*: P<0.05; **: P<0.01 (t-test). B. Apoptosis assay of
A549 cells co-transfected with miR-223 mimics and
E2F1 expressing vectors. Y axis represents apopto-
sis percentage. *: P<0.05; **: P<0.01 (t-test), error
bar: standard error. C. Western blot of E2F1, PCNA,
cleaved caspase-3 in A549 cells co-transfected with
miR-223 mimic and E2F1 expressing vectors.

of miR-223. Among the 412 transcripts, we
chose E2F1 since itis a transcription factor and
has been implicated in cancer development.
E2F1-3-UTR and E2F1-3-UTR with mutation
sequences plasmids were constructed (Figure
3A), then cotransfected with miR-223 mimic or
scrambled control plasmids into A549 cells.
After culturing for 24 hours, the fluorescent

2729

intensity was detected. The miR-223+E2F1-3'-
UTR WT group showed significantly higher lucif-
erase activity than the miR-miR-223+E2F1-3"-
UTR MUT group (P=0.00046) (Figure 3B).
Western blot results showed that the expres-
sion of E2F1 in A549 cellstransfected with miR-
223 mimics was obviously lower than those
transfected with miR-223 antagomirs and
blank control (Figure 3C). mRNA expression
level of E2F1 also present similar pattern
(Figure 3D).

Based on the effect of miR-223 on cell prolifer-
ation and apoptosis, we selected biomarkers
as molecular indication for evaluating the
above biological processes: PCNA for cell prolif-
eration and cleaved caspase-3 for apoptosis.
Consistent with what was observed in A549
cells transfected with miR-223 mimics and
antagomirs, overexpression of miR-223 in-
creased PCNA level and reduced the content of
cleaved caspase-3 (Figure 3C).

Overexpression of E2F1 counteracts the effect
of miR-223 on proliferation and apoptosis

To further examine that the effect of miR-223
on cell proliferation and apoptosis was due to
reduction of E2F1, overexpression of E2F1 in
A549 cells was performed. The plasmids res-
pectively carried miR-223 mimics and E2F1
were cotransfected into A549 cells. E2F1 over-
expression was found to alleviate the inhibition
of miR-223 mimics on cell proliferation, and the
apoptosis rate was significantly reduced (Figure
4A, 4B), which is consistent with protein level of
biomarkers detected by western blot (Figure
4C).

miR-223 enhances the sensitivity of NSCLC to
gefitinib in vivo

Since we have demonstrated that NCLSC
patients with high miR-223 expression have
significantly higher survival rate than the pa-
tients with low miR-223 expression, another
question arise as we attempted to hypothesize
that miR-223 could serve as a prognosis bio-
marker. Drug resistance is an important factor
affecting the prognosis of cancer patients;
therefore, we sought to investigate whether
miR-223 could sensitize NSCLC to anti-cancer
drugs. To address this question, an in vivo
model was established by subcutaneous injec-
tion of miR-223-GV259 infected cells into
mouse skins under left lower quadrants. All

Int J Clin Exp Pathol 2017;10(3):2723-2733
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mice were divided into 3 groups: control, con-
trol + gefitinib and miR-223+ gefitinib, and tu-
mor sizes were measured every 3 days. Except
control group, control + gefitinib and miR-223+
gefitinib group were intragastrically admi-
nistrated with gefitinib from 15" day for 2
weeks. miR-223+ gefitinib group were injected
with miR-223-GV259 and treated with gefitinib
on 15" day for 2 weeks. Gefitinib exerts anti-
cancer effect on both groups, and miR-223+
gefitinib has significantly lower tumor volumes
than control + gefitinib (Figure 5A). In survival
analysis, the miR-223+ gefitinib group present-
ed significantly higher percentage of survival
than control and even control + gefitinib group.
These findings indicate that miR-223 enhances
the sensitivity of NSCLC to gefitinib, which may
provide valuable reference for research com-
munity as well as clinical practitioners.

Discussion
The important roles of miRNAs have been indi-

cated in multiple lines of studies investigating
tumor initiation and progression [13-17]. The
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cant higher fold change of miR-
223 against control in the serum
blood of NSCLC patients, com-
pared with other miRNAs in the
profiling.

E2F transcription factors are
situated downstream of growth
factor signaling cascades, and
regulate genes required for cell
cycle progression by acting as transcriptional
activators or suppressor. Therefore, the role of
E2Fs in tumor initiation and development is
ambivalent: both oncogenic and suppressive
depending on the cellular context. E2F1 was
recognized as a potent regulator of apoptosis
when DNA damage occurs in various type of
human cancer [23]. It was reported that tumor
cells, especially from advanced lesions may
survive diminished cell death pathways when
E2F1 was deregulated in the absence of RB
[24] a cell-death effector that acts with cyto-
chrome cand caspase-9 to mediate p53-depen-
dent apoptosis. Loss of Apaf-1 expression is
accompanied by allelic loss in metastatic mela-
nomas, but can be recovered in melanoma cell
lines by treatment with the methylation inhibi-
tor 5-aza-2’-deoxycytidine (5aza2dC. Previous
studies revealed that E2F1 is a tumor suppres-
sor in colon carcinomas [25]. However, it is sug-
gested that overexpression of E2F1 may result
in gene amplification, which confers prolifera-
tive advantage to the tumor cells in lung and
liver colon cancer metastasis [26] n=9. Abnor-
mal expression of E2F1 or aberrant amplifica-

Int J Clin Exp Pathol 2017;10(3):2723-2733
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tion of E2F1 gene has been implicated in a vari-
ety of human cancers. Multiple lines of studies
suggested that elevated E2F1 expression was
predominantly associated with advanced tumor
stages and metastasis status, as well as poor
prognosis. In bladder cancer, Lee and col-
leagues established a model taking account of
expression of E2F1 and the associated genes
to predict the progression of tumor [27]. Alla et
al. employed E2F1 knockdown mice to eluci-
date the effect of E2F1 on skin cancer, and
found that endogenous E2F1 deficiency dra-
matically reduced the migratory and invasive
ability of tumors, but the proliferation seemed
independent of this change [28]. Recently, the
role of E2F1 in small cell lung cancer was also
suggested. Li et al. observed the expression of
ADAM12, a protein highly expressed in small
cell lung cancer, was significantly decreased
following silencing of E2F1 by siRNA, which was
proved to function via changes in the E2F1
binding to differential cis-acting elements of
ADAM1 [29]. In the present study, E2F1 was a
candidate of miR-223 targets by TargetScan,
which may explain the anti-proliferative func-
tion of miR-223. This was further confirmed by
luciferase assay, concordantly decreased cell
growth rate and E2F1 expression in cells trans-
fected with miR-223. Our study complements
the profile of the biological functions of E2F1 in
various cell lines.

Apart from the important role in metastasis,
E2F1 may also be one of the determinants of
chemoresistance [30]. Indeed, Jesper et al.
revealed that zebularine-resistant hepatocellu-
lar carcinoma cell lines showed up-regulation
of key oncogenic networks (TNF, MYC, VHL, and
CDKN2A), in which E2F1 was overrepresented,
suggesting that their activation by E2F1 may be
critical for the development of zebularine resis-
tance [31] we report a comprehensive charac-
terization of epigenomic modulation caused by
zebularine, an effective DNA methylation inhibi-
tor, in human liver cancer. Using transcriptomic
and epigenomic profiling, we identified a zebu-
larine response signature that classified liver
cancer cell lines into two major subtypes with
different drug responses. In drug-sensitive cell
lines, zebularine caused inhibition of prolifera-
tion coupled with increased apoptosis, where-
as drug-resistant cell lines showed up-regula-
tion of oncogenic networks (for example, E2F1,
MYC, and TNF. It is reasonable to infer that miR-
233, as a regulator of E2F1, may also serve as
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mediator of chemoresistance. In the present
study, the overexpression of miR-223 sensi-
tized the A549 to gefitinib, which can be inferred
from the smaller tumor size of mice injected
with cells carrying lentivirus-medicated miR-
223. Furthermore, the mice injected with miR-
223 overexpressing cells have a higher survival
rate than control. This finding is in alignment
with a recent study investigating into the
enhancement of sensitivity of non-small cell
lung cancer cells to erlotinib by miR-223 [32],
and our study adds to the jigsaw puzzle of the
functional profile of miR-223 in chemore-
sistance.

In conclusion, the present study hypothesized
that miR-223 can inhibit the proliferation and
induce apoptosis of NSCLC cells by targeting
E2F1. The reduced resistance to gefitinib in
miR-223 overexpressing cells demonstrated
that miR-223 not only serves as a potential bio-
marker for prognosis but also an indicator for
medication of gefitinib, in which the molecular
mechanisms were elucidated by involvement of
downregulation of E2F1 in cell proliferation and
apoptosis. The survival analysis of mice trans-
fected with lentivirus-mediated miR-223 fur-
ther supports this hypothesis.
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