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Long non-coding RNA-ZNF281 upregulates PTEN expression via
downregulation of microRNA-221 in non-small cell lung cancer
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Abstract. A recent study reported that zinc finger protein
(ZNF)281 is a tumor-suppressive long non-coding (Inc)RNA
in glioma. The present study investigated the role of ZNF281
in non-small cell lung cancer (NSCLC). ZNF281 expression
in paired cancer and non-cancerous tissues from patients
with NSCLCs was analyzed by RNA extraction and reverse
transcription-quantitative-PCR. A 5-year follow up on patients
was performed to analyze the prognostic value of ZNF281 for
NSCLC. Cell transfections of ZNF281 or phosphatase and
tensin homolog (PTEN) expression vector and microRNA
(miR)-221 mimic were performed to analyze the relationship
between ZNF281, miR-221 and PTEN. Cell apoptosis and
proliferation were analyzed using Cell Counting Kit-8 and
flow cytometry, respectively. In patients with NSCLC, expres-
sion levels of ZNF281 were significantly lower in cancer
tissues compared with in non-cancerous tissues, and lower
levels of ZNF281 expression in cancerous tissues predicted
poor survival. In NSCLC cells, ZNF281 overexpression
resulted in upregulated PTEN and downregulated miR-221
expression, whereas cells with miR-221 overexpression exhib-
ited downregulated PTEN expression and unaffected ZNF281
expression. In addition, ZNF281 and PTEN overexpression
resulted in accelerated cell apoptosis and inhibited the cell
proliferation of NSCLC cells. Notably, miR-221 overexpres-
sion exhibited an opposite effect and attenuated the functions
of ZNF281 and PTEN overexpression. Therefore, ZNF281
may upregulate PTEN via downregulation of miR-221 in
NSCLC, resulting in inhibition of cancer cell proliferation and
the promotion of apoptosis.
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Introduction

Despite recent advances in cancer prevention, lung cancer
remains the most common malignant cancer type and the
leading cause of cancer-associated mortality worldwide (1).
Overall, the 5-year survival rate of patients with lung cancer at
all stages is ~15%, and this survival rate has not been signifi-
cantly improved over previous years (2). The high mortality
rate is primarily a result of the lack of tools available to
facilitate early diagnosis and the lack of curative therapies (3).
Non-small cell lung cancer (NSCLC) is the major subtype of
lung cancer and accounts for >85% of all cases (4). Smoking
is a major risk factor of NSCLC; however, this disease also
affects non-smokers (5). In addition, smoking itself is insuf-
ficient to induce the occurrence of NSCLC (5).

Besides smoking, the tumorigenesis and progression
of NSCLC are closely associated with certain genetic
factors (6,7). Phosphatase and tensin homolog (PTEN) is
a tumor-suppressive gene with pivotal roles in cell cycle
regulation (8). In cancer biology, PTEN inhibits cancer cells
from proliferating rapidly, predominantly via inhibition of
the PI3K/AKT signaling pathway (9). Certain oncogenic
microRNAs (miR/miRNA), such as miR-221, target PTEN to
promote cancer progression (10). In a recent study, Li et al (11)
identified a novel long non-coding RNA (IncRNA), zinc finger
protein (ZNF)281, which serves a tumor-suppressive role in
glioma via the inhibition of the NF-kB signaling pathway,
and it has been revealed that the NF-kB signaling pathway
interacts directly with miR-221 (12). Therefore, ZNF281 may
interact with miR-221. The present study aimed to investigate
the interactions between ZNF281 and miR-221 and the conse-
quent effects on PTEN.

Materials and methods

Patients. A total of 66 patients were selected from the
182 patients with NSCLC admitted to Hiser Medical Center of
Qingdao (Shandong, China) between January 2012 and April
2014. The present study was approved by the Review Board
of Hiser Medical Center and the Qingdao Ethics Committee.
The 66 patients with NSCLC comprised 30 cases of squamous
cell carcinoma and 36 cases of adenocarcinoma. The inclusion
criteria were as follows: i) Diagnosed for the first time; and
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ii) no treatment had been received before admission. The exclu-
sion criteria were as follows: 1) Recurrent NSCLC; ii) clinical
disorders other than NSCLC were diagnosed, iii) therapy had
already been initiated; and iv) patients who failed to complete
the follow-up or who died from other diseases or accidents.
According to the clinical findings, the 66 patients included
6, 19, 20 and 21 cases at clinical stage I-IV, respectively (13).
According to cancer histologic grade, there were 14, 19, 20
and 13 cases at grade 1-4, respectively (14). All patients
were informed of the principle of the present study. Written
informed consent was provided by all 66 patients.

Follow-up. Starting from the day of admission, all 66 patients
were followed-up for 5 years. Their survival conditions were
monitored and recorded through monthly telephone calls.

NSCLC cells and tissues. The H1993 human NSCLC cell line
(American Type Culture Collection) was used in the present
study. Cells were cultured in a mixture of 90% RPMI-1640
medium (Sigma-Aldrich; Merck KGaA) and 10% FBS
(Sigma-Aldrich; Merck KGaA) supplemented with 1% peni-
cillin-streptomycin (Sigma-Aldrich; Merck KGaA). Cell were
cultured at 37°C with 5% CO, and 95% humidity.

All 66 patients with NSCLC received lung biopsy. During
biopsy, adjacent (<2 cm from tumor) non-tumorous lung
tissues and NSCLC tissues were obtained from each patient.
Based on histopathological examination results, all non-tumor
tissues contained <1% cancerous cells, and all NSCLC tissues
contained >98% cancerous cells. Fresh tissues were stored in
liquid nitrogen.

Cell transfections. Expression vectors of ZNF281 and PTEN
were constructed using pcDNA3.1 (Sangon Biotech Co., Ltd.).
Negative control (NC) miRNA (5'-UGUGGUUACGAUCGU
GGGAACUG-3') and miR-221 (5'-ACCUGGCAUACAAUG
UAGAUUU-3") were purchased from Guangzhou RiboBio
Co., Ltd. Prior to transfections, H1993 cells were harvested at a
confluency of 70-80%. Lipofectamine 2000® (Sangon Biotech
Co., Ltd.) was used to transfect 40 nM miRNA (NC miRNA
as NC group) or 10 nM vector (empty vector as NC group)
into 1x10° cells. Untransfected cells were used as the control
(C) group. Cells were harvested at 24 h post-transfection to
perform all subsequent experiments.

RNA extraction and reverse transcription-quantitative (RT-q)
PCR. H1993 cells were collected at 24 h post-transfection.
Total RNA in 1x10° cells and 0.02 g tissue sample (ground
in liquid nitrogen) was extracted using Ribozol reagent
(Sigma-Aldrich; Merck KGaA). In order to harvest miRNAs,
80% ethanol was used to precipitate and wash RNA samples.

AIIRNA samples weredigested with DNase I (Sigma-Aldrich;
Merck KGaA) at 37°C for 2 h to remove genomic DNAs. All
reverse transcriptions were performed using the PrimeScript
RT Reagent kit (Takara Bio, Inc.) to synthesize cDNA, followed
by preparation of gPCR mixtures using the QuantiTect SYBR-
Green PCR kit (Qiagen) according to the manufacturer's
instructions with GAPDH as an endogenous control to measure
the expression levels of ZNF281 and PTEN mRNA.

To measure the expression levels of miR-221, both reverse
transcriptions and qPCR mixture preparations were prepared
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using the All-in-One™ miRNA RT-qPCR Detection kit
(GeneCopoeia, Inc.) with U6 as an endogenous control. The
sequences of primers were: ZNF281 forward, 5'-GGACAC
ATAGTGGAGAAAAG-3' and reverse, 5'-GAGACAACA
CAGCCAGATTA-3'; PTEN forward, 5-TGAGTTCCCTCA
GCCGT-3' and reverse, 5'-GAGGTTTCCTCTGGTCC-3;
and GADPH forward, 5'-GGATTTGGTCGTATTGG-3' and
reverse, 5'-GGAAGATGGTGATGGGAT-3'". The forward
primer for miR-221 was: 5'-"ACCUGGCAUACAAUGUAG-3'".
Reverse primers for miR-221 and U6 primers were from the
All-in-One™ miRNA RT-qPCR Detection kit (cat. no. QP015,
GeneCopoeia, Inc.). The PCR conditions were as follows: 95°C
for 1 min, and then 40 cycles of 95°C for 10 sec and 55°C
for 60 sec. All experiments were performed in three technical
replicates and the 222 method was used to analyze data (15).

Cell apoptosis analysis. H1993 cells were collected at 24 h
post-transfection and counted. Subsequently, 4x10* cells were
mixed with 1 ml serum-free RPMI-1640 medium to prepare
single-cell suspensions. Cells were cultivated in a 6-well
cell culture plate (2 ml/well) for 48 h at 37°C. Subsequently,
pre-cooled PBS was used to wash cells, followed by prop-
idium iodide and Annexin V-FITC staining for 20 min at 4°C.
Finally, flow cytometry was performed using CytoFLEX LX
Flow Cytometer (Beckman Coulter) to separate apoptotic
cells. CellQuest Pro v5.1 software (BD Biosciences) was used
to analyze data.

Cell proliferation analysis. H1993 cells were collected at 24 h
post-transfection and counted. Subsequently, 4x10* cells were
mixed with 1 ml RPMI-1640 medium (10% FBS) to prepare
single-cell suspensions. Cells were seeded in a 96-well cell
culture plate (0.1 ml/well), followed by the addition of 10 ul
Cell Counting Kit-8 (Dojindo Molecular Technologies,
Inc.) for 4 h. Optical density was measured at 450 nm on a
microplate reader.

Western blotting. H1993 cells were collected at 24 h post-trans-
fection and counted. Total protein of 1x10° cells was extracted
using RIPA solution (Sangon Biotech Co., Ltd.). A bicincho-
ninic acid kit (Sangon Biotech Co., Ltd.) was used to measure
protein concentration. After denaturation in boiling water for
5 min, proteins (30 ug) were separated by 10% SDS-PAGE.
Subsequently, proteins were transferred to PVDF membranes,
followed by blocking for 1 h in 5% non-fat milk at room
temperature. The membranes were first blotted with primary
rabbit antibodies of PTEN (dilution, 1:1,500; cat. no. ab31392;
Abcam) and GAPDH (dilution, 1:1,300; cat. no. ab37168;
Abcam) for 18 h at 4°C, followed by blotting with horseradish
peroxidase-cinjugated goat goat anti-rabbit immunoglobulin G
secondary antibody (dilution, 1:1,500; cat. no. ab6721; Abcam)
secondary antibodies at 24°C for 2 h. Pierce ECL Western
Blotting Substrate (Thermo Fisher Scientific, Inc.) was used
to develop signals. Signals were processed using ImageJ v1.48
software (National Institutes of Health).

Statistical analysis. All data are presented as the mean values
of three biological replicates. Evaluation of the significance
of differences between non-tumor and NSCLC tissues was
performed using the paired Student's t-test. Differences
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among cell transfection groups were analyzed using the
Kruskal-Wallis test and post hoc Dunn's test. Associations were
analyzed using linear regression. The 66 patients with NSCLC
were grouped into high-(n=33) and low-ZNF281 (n=33)
expression level groups according to its median expression
level in NSCLC (2.28). GraphPad Prism 6 software (GraphPad
Software, Inc.) was used for statistical analysis included the
plotting of survival curves, and the log-rank test was used to
compare survival curves. Differences in the clinical stage,
cancer grade, subtypes, age and sex between two groups were
analyzed using the y? test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Low ZNF281 expression in NSCLC predicts poor overall
survival rate. Levels of ZNF281 expression were measured
using RT-qPCR and compared between two types of tissues
(non-tumor vs. NSCLC) using the paired Student's t-test.
Compared with non-tumor samples, expression levels of
ZNF281 in NSCLC tissue samples were significantly lower
(P<0.05; Fig. 1A). Patients were grouped into high- and
low-expression groups according to the median expression
level, and survival curves were plotted and compared. No
significant differences in the clinical stage, cancer grade,
subtype, age and sex were observed between the two groups
(Table I). It was observed that the 5-year overall survival
rate of patients in the high-ZNF281 expression group was
significantly higher compared with that of patients in the
low-ZNF281 expression group (Fig. 1B).

ZNF281 is significantly associated with miR-221 and PTEN
mRNA in NSCLC tissues. Furthermore, expression levels of
miR-221 and PTEN mRNA in NSCLC tissues were measured
by performing RT-qPCR. Associations between ZNF281 and
miR-221/PTEN mRNA were analyzed using linear regression
analysis. It was observed that the expression levels of ZNF281
were significantly negatively associated with miR-221 expres-
sion (Fig. 2A); however, the expression levels of ZNF281
and PTEN mRNA were significantly positively associated
(Fig. 2B). Additionally, the association between miR-221 and
PTEN mRNA expression was analyzed by linear regression
analysis and it was observed that miR-221 and PTEN mRNA
were significantly negatively associated (Fig. 2C).

ZNF281 upregulates PTEN mRNA and protein expression via
the downregulation of miR-221 in H1993 cells. To analyze the
interactions between ZNF281, PTEN and miR-221, expression
vectors of ZNF281 and PTEN as well as a miR-221 mimic
were transfected into H1993 cells. RT-qPCR results revealed
that, compared with the NC and C groups, expression levels
of ZNF281, PTEN mRNA and miR-221 were significantly
increased at 24 h post-transfection (P<0.05; Fig. 3A). The
effects of ZNF281 and miR-221 overexpression on mRNA
and protein levels were analyzed by RT-qPCR and western
blotting, respectively. Cells with ZNF281 overexpression
exhibited downregulated miR-221 expression, whereas cells
with miR-221 overexpression exhibited unaffected ZNF281
expression (P<0.05; Fig. 3B). Compared with the two
control groups, cells with ZNF281 overexpression exhibited
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Table I. Comparison of clinical data between high- and
low-ZNF281 expression level groups.

High-ZNF281 Low-ZNF281

Variable expression,n  expression,n P-value
Cases 33 33
Sex
Male 23 21 0.60
Female 10 12
Age, years
>50 17 19 0.62
<50 16 14
Subtype
Squamous cell 14 16 0.62
carcinoma
Adenocarcinoma 19 17
Grade
I 6 8 0.79
1I 9 10
111 10 10
v 8 5
Stage
| 2 4 0.81
1I 9 10
11T 11 9
v 11 10

ZNF281, zinc finger protein 281.

upregulated PTEN expression, whereas cells with miR-221
overexpression exhibited downregulated PTEN expression.
Additionally, miR-221 overexpression reduced the effects of
ZNF281 overexpression on PTEN expression at both mRNA
and protein levels (P<0.05; Fig. 3C).

ZNF281 regulates H1993 cell apoptosis and proliferation via
miR-221 and PTEN. Compared with the NC and C groups,
ZNF281 and PTEN overexpression resulted in an increase
in cell apoptosis (Fig. 4A) and inhibited cell proliferation
(Fig. 4B) of NSCLC cells (P<0.05). Additionally, miR-221
overexpression partially attenuated the functions of ZNF281
(P<0.05).

Discussion

The present study primarily investigated the role of ZNF281 in
NSCLC, a major subtype of lung cancer. In NSCLC, ZNF281
was downregulated and could downregulate oncogenic
miR-221 to upregulate PTEN, thereby promoting cancer cell
apoptosis and inhibiting cancer cell proliferation.

To the best of our knowledge, the expression pattern
and functionality of ZNF281 have only been investigated in
glioma (11). In glioma, ZNF281 is downregulated and inhibits
the stemness, proliferation and invasiveness of glioma cells via
inactivation of the NF-«xB signaling pathway (11), which is a
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Figure 1. High expression levels of ZNF281 in NSCLC predict poor survival. (A) ZNF281 expression was measured by reverse transcription-quantitative PCR
and compared between non-tumor and NSCLC tissues using a paired Student's t-test. (B) A total of 66 patients with NSCLC were divided into high-(n=33) and
low-ZNF281 (n=33) expression level groups according to its median expression level in NSCLC. GraphPad Prism 6 software was used to plot survival curves
and the log-rank test was used to compare these. ‘P<0.05. ZNF281, zinc finger protein 281; NSCLC, non-small cell lung cancer.
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well-characterized oncogenic signaling pathway that serves
critical roles in numerous aspects of cancer biology (16,17).
The present study was the first to report the downregulation
of ZNF281 in NSCLC. In addition, ZNF281 overexpression
resulted in the promotion of cell apoptosis and inhibition of
cell proliferation. Therefore, the present data indicated that
ZNF281 serves a tumor-suppressive role in NSCLC.

miR-221 is an oncogenic miRNA in numerous human
cancer types, including liver cancer (18). However, in a

previous study, miR-221 has been reported to have inhibitory
effects on the proliferation of NSCLC cells (19), which was
consistent with the results observed in the present study; for
example, it was revealed that miR-221 overexpression resulted
in the promotion of cancer cell proliferation and inhibited
cancer cell apoptosis. This may be attributable to the different
cell line used in the present study. In another study, miR-221
has been reported to directly target PTEN to inhibit gastric
carcinoma cell proliferation (10). In the present study, PTEN
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Figure 3. ZNF281 upregulates PTEN via downregulation of miR-221 in H1993 cells. In order to analyze the interactions among ZNF281, PTEN and miR-221,
expression vectors of ZNF281 and PTEN, and a miR-221 mimic were transfected into H1993 cells. (A) Overexpression of ZNF281, PTEN mRNA and miR-221
was confirmed by RT-qPCR. (B) Interaction between ZNF281 and miR-221 analyzed by RT-qPCR. (C) Effects of ZNF281 and miR-221 overexpression on
PTEN expression were analyzed by western blotting and RT-qPCR. Data are presented as the means + standard deviation. "P<0.05. C, control (untransfected
cells); NC, negative control (cells transfected with empty vector or negative control miRNA); ZNF281, zinc finger protein 281; NSCLC, non-small cell lung
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Figure 4. ZNF281 regulates H1993 cell apoptosis and proliferation via miR-221 and PTEN. Cell apoptosis and proliferation assays were performed to analyze
the effects of ZNF281, miR-221 and PTEN overexpression on (A) cell apoptosis and (B) proliferation. Data are presented as the means + standard devia-
tion. "P<0.05. C, control (untransfected cells); NC, negative control (cells transfected with empty vector or negative control miRNA); ZNF281, zinc finger
protein 281; miR, microRNA; PTEN, phosphatase and tensin homolog; PI, propidium iodide.

was downregulated in NSCLC cells following miR-221
overexpression. Therefore, miR-221 may also target PTEN in
NSCLC.

The present study demonstrated that ZNF281 downregu-
lated miR-221 which resulted in the upregulation of PTEN.
Additionally, it is known that both ZNF281 and miR-221
have direct interactions with NF-xB (11,12); therefore, NF-xB
may mediate the interaction between ZNF281 and miR-221.
However, further studies are required to investigate the
mechanisms that mediate the interaction between ZNF281 and
miR-221. Future study will include a higher sample number
and in vivo experiments.

In conclusion, ZNF281 was downregulated in NSCLC
and may downregulate miR-221, resulting in the upregulation
of PTEN, thereby promoting cancer cell apoptosis and
proliferation.
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