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Abstract
Background: Lung cancer (LC) is the most common malignancy in the world.
Many long non-coding RNAs (lncRNAs) have been reported to be associated
with LC; however, the function of KCNQ1OT1 in LC requires exploration.
Methods: We conducted in silico analysis with data from The Cancer Genome
Atlas to investigate the association between KCNQ1OT1 and LC. A Kaplan–
Meier plotter was used to analyze the function of KCNQ1OT1 on LC patient
prognosis. Quantitative reverse transcription-PCR (qRT-PCR) was performed to
confirm previous results. An A549 lung cancer cell was transfected with pcDNA-
KCNQ1OT1, and methyl thiazolyl tetrazolium assay was performed to investi-
gate the function of KCNQ1OT1 on cell proliferation. in vivo assay was
performed with nude mice.
Results: Bioinformatics analysis and qRT-PCR indicated that KCNQ1OT1
expression was higher in stage I LC patients (P < 0.01), and survival analysis
showed that high expression of KCNQ1OT1 in LC patients was associated with
better prognosis (P < 0.05). qRT-PCR showed a negative correlation between
KCNQ1OT1 and Ki67 expression and tumor size (P < 0.01), which indicated
that KCNQ1OT1 is associated with tumor growth in LC. There was no signifi-
cant correlation between KCNQ1OT1 level and lymph node metastasis
(P > 0.05). KCNQ1OT1 overexpression significantly inhibited cell proliferation
and tumor growth in vitro and in vivo (P < 0.05).
Conclusion: Our preliminary data showed that KCNQ1OT1 is overexpressed in
early stage LC and is correlated with better prognosis in LC patients, possibly by
suppressing cell proliferation.

Introduction

Lung cancer (LC), the most common malignancy in the
world, is the first and fourth most deadly malignant disease

in men and women, respectively.1,2 According to previous

studies, LC prognosis is affected by multiple factors, such

as the size of the primary tumor, the involvement of

regional lymph nodes, and the presence of metastases.3

Increasing studies of the oncogenetic mechanism have

identified new molecules related to LC prognosis, which

facilitates our understanding of LC biology. However, more
novel molecular items and entities are required to develop
effective anti-cancer strategies. For instance, the discovery
of non-coding RNAs (lncRNAs) has opened up a new field
for oncologists.4–6

LncRNAs are a kind of transcript with a > 200 nucleo-
tide length. These RNAs have some characteristics in com-
mon with messenger RNA. The only difference between
lncRNAs and messenger RNAs is that lncRNAs lack pro-
tein coding potential.7 More than 40 lncRNAs have been
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reported to be associated with the initiation, progression,
and drug resistance of LC.8,9 KCNQ1OT1, an lncRNA
responsible for suppressing a cluster of genes in cis, has
been shown to be involved in multiple cancers.10,11 The loss
of imprinting KCNQ1OT1 locus through epigenetic dis-
ruption plays an important role in carcinogenesis.12 In
addition, KCNQ1OT1 is involved in epigenetic suppression
of CDKN1C in breast cancer cells.13 However, no previous
studies have explored the function of lncRNA KCNQ1OT1
in lung malignancy.
In order to reveal the relationship between KCNQ1OT1

and LC, we performed a series of bioinformatic analyses
and conducted several experiments. Our results revealed
that KCNQ1OT1 has an anti-tumor function in LC.

Methods

Bioinformatics analysis

The KCNQ1OT1 expression profile and clinical data were
collected from The Cancer Genome Atlas (TCGA) data-
base (https://cancergenome.nih.gov/) and analyzed using R
language (dataset: LUNG CANCER-HiSeqV2-2015-02-24,
n = 1124). Kaplan–Meier plotter (http://kmplot.com) was
used to analyze the association between KCNQ1OT1
expression and prognosis of cancer patients. A relationship
between KCNQ1OT1 and survival was analyzed in lung,
breast, gastric, and ovarian cancers. The data of this plat-
form was gathered from TCGA and Gene Expression
Omnibus databases. All patients in this analysis were post-
operative. All patients were divided into two cohorts
according to the level of KCNQ1OT1: the top 50% of
patients were defined as KCNQ1OT1high, and the remain-
ing 50% were defined as KCNQ1OT1low. We analyzed the
association between KCNQ1OT1 level and LC survival in
stage I postoperative patients, in stage II and III postopera-
tive patients, and in all postoperative patients. For the
other three types of cancers, we only analyzed the associa-
tion in all postoperative patients.

Study population

Samples were collected from 130 patients who underwent
surgical resection and were diagnosed with LC between
May 2012 and September 2013 at the Department of Tho-
racic Surgery, the Affiliated Hospital of Qingdao Univer-
sity. Ethical approval for this study was obtained from the
Ethnic Committee of the Affiliated Hospital of Qingdao
University.
None of the included patients underwent preoperative

radiotherapy or chemotherapy, and had not developed dis-
tant metastases. Clinicopathologic and follow-up data were
complete. Patients lost to follow-up, who had received

preoperative radiotherapy or chemotherapy, or developed
recurrence or distant metastases were excluded. Samples
for negative controls were taken more than 5 cm from the
tumor margin of normal lung tissues. All collected tissue
samples were immediately stored at −80�C until use. Post-
operative pathological staging was determined in all
patients based on the eighth edition of tumor node metas-
tasis (TNM) classification. Informed consent was obtained
from all participants.

Follow-up

Follow-up was performed every three months during the
first year and every six months in later years. The median
follow-up duration was 42 months (range: 4–54). Follow-
up included clinical examination, blood analysis, and com-
puted tomographic scans. Overall survival (OS) was
defined as the period from surgery to patient death or the
last follow-up. Disease-free survival (DFS) was defined as
the period from surgery to tumor recurrence or patient
death as the result of a non-cancerous cause.

RNA extraction and quantitative reverse
transcription-PCR

Total RNA was extracted from tissues and cultured cells
with TRIZOL reagent (Solarbio, Beijing, China). The
SuperScript III First-Strand Synthesis System for RT-PCR
(Thermo Fisher Scientific, Waltham, MA, USA) was used
to reverse-transcribe RNA into complementary DNA.
qRT-PCR was performed using an Applied Biosystems
7500 Real-Time PCR system (Applied Biosystems, Foster
City, CA, USA) with SYBR Green PCR Master Mix
(Thermo Fisher Scientific, USA). Human KCNQ1OT1
primers were as follows: forward (50-GGGAGCTGTTGTC
CCTTACC), reverse (50-TTCGGAGTGGTAACTGTGCC).
Relative lncRNA levels were calculated using 2–ΔCT
(where ΔCt = Ct[gene] – Ct[β-actin]). Fold changes of
lncRNA expression in tumor tissues versus adjacent nor-
mal tissues were calculated using the 2–ΔΔCT method.
PCR for each sample was performed three times. Glyceral-
dehyde 3-phosphate dehydrogenase was used as an inter-
nal control.

Cell culture and transfection

The LC cell line A549 was cultured at 37�C in Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine
serum in a humidified incubator containing 5% CO2. The
KCNQ1OT1 sequence was synthesized and subcloned into
the pcDNA3.1 (Genechem, Shanghai, China) vector.
PcDNA-KCNQ1OT1 and the empty vector were trans-
fected. After seven hours, the transfection media was
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replaced with normal media, and the cells were cultured
for another 24 hours. The transfected cells were then
placed in medium containing puromycin. Plasmid with
higher transfection efficiency was selected for further
assays. Each experiment was performed three times.

Cell proliferation assays

Cells were seeded in 96-well culture plates at a density of
3.0 × 103 cells per well. Methyl thiazolyl tetrazolium (MTT)
assay was performed to detect the proliferation of A549 cells
after treatment with pcDNA-KCNQ1OT1, the empty vector,
or left untreated. In each well, cells were exposed to 10 μL
MTT (5.0 mg/mL) for four hours at 37�C. The supernatant
was then removed and 150 μL dimethyl sulfoxide was added
to determine the optical density (OD) value at 570 nm using
an enzyme-linked immunosorbent assay reader (Thermo
Fisher Scientific, USA). The proliferation rate was calculated
as follows: cell viability rate = (OD sample-OD blank)/(OD -
control-OD blank) × 100%. The viability of untreated cells
was regarded as 100%. Each group included five wells. Exper-
iments were repeated three times.

Tumor growth in nude mice

Ten four-week-old female nude mice were purchased from
Vital River Laboratories (VRL, Beijing, China) and bred at
the animal center of Medical College of Qingdao University
for the study. Cells were washed with phosphate buffered
saline and harvested with 1640 culture medium, and then
resuspended in 1640 culture medium. Equal amounts of
matrix gum were mixed in single cell suspension. Subse-
quently, 2 × 106 cells (0.1 mL) were injected subcutaneously

into the neck of mice. Five mice were injected with A549-
pcDNA-KCNQ1OT1 cells, while the other five were injected
with A549-empty vector. Tumor size was measured each
week. Tumor volume was calculated according to the follow-
ing formula: volume = width2 × length/2. Two mice died in
the third week and the remaining mice were sacrificed in the
fourth week. The Animal Ethics Committee of the hospital
research department approved all animal experiments.

Statistical analyses

All data were analyzed using SPSS version 17.0 (SPSS Inc.,
Chicago, IL, USA), Excel 2003 (Microsoft, Washington,
DC, USA), and Adobe Photoshop CS6 (Adobe, San Jose,
CA, USA). Data are presented as mean � standard devia-
tion. Chi-square and t tests were used to determine the sig-
nificance of differences between the groups. P values < 0.05
were considered statistically significant.

Results

Bioinformatic analysis indicated
KCNQ1OT1 was overexpressed in early
stage lung cancer (LC)

In order to study the function of lncRNA KCNQ1OT1, we
analyzed its expression profile in LC samples in TCGA
public database.14 Using R language, we performed a series
of analyses on KCNQ1OT1 and multiple subtypes of LC,
and the results indicated that KCNQ1OT1 is upregulated
in multiple types of lung malignancies compared to normal
tissue (P = 0.005, 0.013, and 0.027, respectively) (Fig 1a).

a b

P = 0.005

P = 0.013

P = 0.027

P = 0.002 P = 0.009

P = 0.057

Figure 1 Data from The Cancer Genome Atlas (TCGA) database indicated that KCNQ1OT1 is overexpressed in early stage lung cancer (LC). (a)
KCNQ1OT1 is mildly upregulated in multiple subtypes of lung malignancies compared to normal tissue (P = 0.005, 0.013, and 0.027, respectively).
(b) The KCNQ1OT1 level is higher in early stage (I and II) LC compared to normal tissues (P = 0.002 and 0.009, respectively); no difference was
observed between advanced stage (III) LC and normal tissues (P = 0.057). Source: TCGA (LUNG CANCER-HiSeqV2-2015-02-24 [n = 1124]). LCC,
large cell LC; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.
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There were no significant differences among large cell LC,
lung adenocarcinoma, or lung squamous cell carcinoma.
Subsequently, we analyzed the correlation between

KCNQ1OT1 expression and different pathological stages
of LC. Surprisingly, the results demonstrated that the
KCNQ1OT1 level is higher in early stage (I and II) LC
compared to normal tissues (P = 0.002 and 0.009, respec-
tively), and no difference was observed between stage III
LC and normal tissues (P = 0.057) (Fig 1b). These results
revealed that KCNQ1OT1 expression is elevated in early
stage LC patients; however, the mechanism underlying this
result requires further exploration.

Survival analysis revealed an anti-tumor
function of KCNQ1OT1 in LC

To further address the role of KCNQ1OT1 in LC, survival
analysis according to KCNQ1OT1 expression was performed

using the Kaplan–Meier plotter public database.15 Surpris-
ingly, we found that the KCNQ1OT1high group exhibited sig-
nificantly higher five and even 10-year survival rates in LC
(Fig 2a), which indicated that KCNQ1OT1 exerts an anti-
tumor function in LC patients. Further analyses were carried
out between KCNQ1OT1 and prognosis at different patho-
logical stages, and the Kaplan–Meier plotters showed that
this lncRNA correlated with prognosis in stage I LC patients
(Fig 2b). However, the anti-tumor function was not observed
in stage II or III patients (Fig 2c).
In order to investigate whether KCNQ1OT1 exerts a simi-

lar function in other malignancies, we conducted analysis on
gastric, ovarian, and mammary cancers using the Kaplan–
Meier plotter. The results indicated that a high level of
KCNQ1OT1 is correlated with better prognosis in breast can-
cer (Fig 2d), but is associated with poor prognosis in gastric
and ovarian cancers (Fig 2e,f ). These results indicated that the
function of KCNQ1OT1 is different in multiple malignancies.

d e f

b c

Lung cancer Stage I lung cancer Stage II and III lung cancer

Breast cancer Gastric cancer

a

Ovarian cancer

Figure 2 KCNQ1OT1 level is positively correlated with better prognosis in LC patients. Survival curves according to KCNQ1OT1 level in (a) lung cancer
(LC) (KCNQ1OT1low = 589 (black line) and KCNQ1OT1high = 556 (red line), hazard ratio (HR) = 0.63 (0.53 – 0.75), logrank P = 7.1e-08; (b) stage I LC
(KCNQ1OT1low = 224 (black line) and KCNQ1OT1high = 225 (red line), HR = 0.53 (0.38 – 0.74), logrank P = 0.00011l; (c) stage II and III LC
(KCNQ1OT1low = 52 (black line) and KCNQ1OT1high = 50 (red line), HR = 0.89 (0.54 – 1.47), logrank P = 0.65; (d) breast cancer (KCNQ1OT1low = 441
(black line) and KCNQ1OT1high = 536 (red line), HR = 0.65 (0.56 – 0.76), logrank P = 8.6e-08; (e) gastric cancer (KCNQ1OT1low = 379 (black line)
and KCNQ1OT1high = 252 (red line), HR = 1.3 (1.05 – 1.61), logrank P = 0.017; and (f) ovarian cancer (KCNQ1OT1low = 310 (black line) and
KCNQ1OT1high = 304 (red line), HR = 1.19 (0.99 – 1.44), logrank P = 0.068. Data source: Kaplan–Meier plotter. Expression: low, high.
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According to these results, we concluded that
KCNQ1OT1 exerts an anti-tumor function that is more
significant in early stage LC. Compared with advanced LC,
early stage LC is small in size or has not yet migrated.
KCNQ1OT1 may affect prognosis in these two aspects.
Further assays and deeper analysis are required to explore
the association between KCNQ1OT1 and prognosis in LC
patients.

Upregulated KCNQ1OT1 is correlated with
tumor size and ki67 expression

In order to further study the function of KCNQ1OT1, qRT-
PCR was performed with 130 samples of frozen fresh lung
cancer tissues and their adjacent normal tissues, which were
collected in 2012. According to the follow-up information, a

series of analyses on the association between KCNQ1OT1
expression and clinical data were conducted. Firstly, we con-
firmed once more that KCNQ1OT1 is upregulated in stage I
(4.4-fold, P = 0.006) and II (2.52-fold, P = 0.024) LC, but
was not altered in stage III LC (P = 0.213) (Fig 3a). A nega-
tive correlation between KCNQ1OT1 and tumor size was
observed (P = 0.009) (Fig 3c), but there was no significant
correlation between KCNQ1OT1 expression and lymph
node metastasis (P = 0.135) (Fig 3b). These results indicated
that KCNQ1OT1 can improve LC metastasis while inhibiting
tumor growth, and is not associated with cancer cell invasion
and metastasis.
Furthermore, these 130 LC samples were divided into

two groups (65 cases in each group) according to
KCNQ1OT1 expression level, and the clinical data were
analyzed between these groups. Clinical staging and

c

d e

f g

a b

r = 0.679

P = 0.005

P = 0.009

P = 0.045

high expression level of KCNQ1OT1

low expression level of KCNQ1OT1 high expression level of KCNQ1OT1

low expression level of KCNQ1OT1

P = 0.135

P = 0.213

P = 0.006

P = 0.024

Figure 3 Upregulated KCNQ1OT1 was correlated with tumor stage, tumor size, and ki67 expression. (a) The KCNQ1OT1 level was significantly
higher in stage I (4.4-fold, P = 0.006) and II (2.52-fold, P = 0.024) lung cancer (LC) compared to normal tissue (P = 0.045). No significant change
was observed between stage III LC and adjacent normal tissues. (b) No significant change in KCNQ1OT1 level was observed between lymph node
metastasis and non-metastasis (P = 0.135). (c) The KCNQ1OT1 level was significantly higher in tumors < 2 cm (P = 0.009). (d) The ki67 expression
rate was lower in the KCNQ1OT1high (n = 65) than in the KCNQ1OT1low group (n = 65) (37.58 � 18.87 vs. 26.50 � 16.15; P = 0.045). (e) Scatter-
plots of correlation of KCNQ1OT1 expression level with Ki67 expression in LC (r = 0.679, P = 0.005). (f) Overall (hazard ratio [HR] = 0.78
(0.58–0.99), P = 0.000) and (g) disease-free (HR = 0.86 [0.64–1.09]; P = 0.000) survival rates.
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tumor size were both significantly different between the
groups (Table 1). There were more stage I and fewer stage
III cases in the KCNQ1OT1high group (P = 0.008). Tumor
size in the KCNQ1OT1high group was smaller than in the
KCNQ1OT1low group (31.47 � 10.04 vs. 15.16 � 13.24;
P = 0.002). Additionally, the ki67 positive rate, which is a
routine index in pathological examination indicating
shortened cell cycle,16 was analyzed according to the clini-
cal data of these 130 cases. Statistical analysis indicated
that the Ki67 level in the KCNQ1OT1low group was sig-
nificantly higher than in the KCNQ1OT1high group
(37.58 � 18.87 vs. 26.50 � 16.15; P = 0.045) (Fig 3d).
Scatter plots of the correlation between KCNQ1OT1 and
Ki67 expression were also analyzed, and the result dem-
onstrated negative relativity between this lncRNA and
ki67 expression rate (r = 0.679; P = 0.005) (Fig 3e). From
these results we concluded that KCNQ1OT1 functions as
an inhibitor of LC cell proliferation and tumor growth.
Finally, survival analysis according to KCNQ1OT1 level

was also performed using the 130 LC samples. The OS and
DFS rates of patients with higher KCNQ1OT1 expression
levels were both higher (Fig 3f, g), consistent with the
database.

In summary, KCNQ1OT1 level is elevated in LC patients,
particularly at stage I. A higher level of KCNQ1OT1 is asso-
ciated with smaller tumor size, lower proliferation speed of
LC cells, and better prognosis of LC patients.

KCNQ1OT1 functions as an inhibitor of cell
proliferation in A549 cells

In order to further understand the functions of
KCNQ1OT1 on cell proliferation, we performed transient
transfection KCNQ1OT1 overexpression in LC cell line
A549 using KCNQ1OT1 pcDNA 3.1 plasmid and observed
approximately six-fold overexpression in KCNQ1OT1
levels (pcDNA-KCNQ1OT1 vs. wild-type, 6.12-fold;
P = 0.004) (Fig 4a). MTT assay was then performed to
determine cell proliferation. The KCNQ1OT1 overexpres-
sion group showed a decreased growth speed compared to
the group transfected with the empty vector in the 72nd
hour (P = 0.035) (Fig 4b). According to the result,
KCNQ1OT1 distinctively suppresses LC cell proliferation
in vitro.

KCNQ1OT1 inhibits tumor growth in vivo

The function of KCNQ1OT1 in vivo was also investigated
using nude mice by subcutaneously injecting A549
pcDNA-KCNQ1OT1 cells and the control. Tumors were
observed from the fourth day after injection. In the fourth
week after injection, we found that tumors in the A549
pcDNA-KCNQ1OT1 group were significantly smaller than
empty vector xenograft tumors (Fig 5a). A difference in
tumor volume was observed between the two groups by
the second week, which became significant in the fourth
week (P = 0.030) (Fig 5b). After excision, the tumors were
weighed. The results showed that tumors growing from
A549 pcDNA-KCNQ1OT1 cells were significantly heavier
than in the non-specific control (P = 0.015) (Fig 5c). These
results demonstrated that lncRNA KCNQ1OT1 suppresses
lung tumor growth in vivo.

Discussion

Our preliminary data showed that KCNQ1OT1 is overex-
pressed in early stage LC and is correlated with better
prognosis in LC patients, possibly as a result of the sup-
pression of cell proliferation. Compared to normal tissues,
KCNQ1OT1 was upregulated in multiple subtypes of LC
tissues. Interestingly, we found that the KCNQ1OT1
expression level was higher in stage I LC patients than in
stage II and III patients. TNM staging is a reliable and
widely used prognostic stratification, evaluating tumor size
and lymph node metastasis.3 Further analysis demonstrated
that the KCNQ1OT1 level was significantly higher in

Table 1 Relationship between KCNQ1OT1 expression level and clinico-
pathologic features in fresh lung cancer tissues

Clinicopathologic
features Total

Low
expression

(n = 65) (%)

High
expression

(n = 65) (%) P

Age (year) 0.705*
Mean 61.36 � 10.25 62.02 � 15.32
>50 84 43 (66) 41 (63)
≤50 46 22 (34) 24 (37)

Gender 0.072*
Male 74 35 (54) 39 (60)
Female 56 30 (46) 26 (40)

Clinical stage 0.0081**
I 53 12 (13) 41 (63)
II 49 27 (44) 22 (34)
III 28 26 (43) 2 (3)

Tumor size (mm) 0.0023**
Mean 31.47 � 10.04 15.16 � 13.24
>20 53 42 (64) 11 (17)
≤20 77 23 (36) 54 (83)

Lymph node
metastasis

0.251*

Yes 62 29 (44) 33 (51)
No 68 36 (56) 32 (49)

*P > 0.05. **P < 0.01. Non-small cell lung cancer patients were
divided in two cohorts, low (n = 65) and high (n = 65), according to
the KCNQ1OT1 expression level in their cancer tissues. Statistical ana-
lyses were performed by chi-square test. Data are presented as mean �
standard deviation. Clinical stage and tumor extent were evaluated
according to tumor node metastasis classification established by the
American Joint Committee on Cancer. Tumor size and lymph node
metastasis were determined according to pathological results.
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patients with tumors < 2 cm, but no correlation between
KCNQ1OT1 and lymph node metastasis was observed.
These results indicated that KCNQ1OT1 was upregulated
in stage I patients because their tumor was smaller. Further
associations with TNM staging should be investigated in
future.
According to previous studies, KCNQ1OT1 is an

imprinted gene, and the KCNQ1OT1 imprinting domain
is located on mouse chromosome 7 and human 11p15.5,
which are only expressed on the paternal allele. The tran-
script of KCNQ1OT1 regulates the suppression of the
paternal copy of the other imprinted genes present in the
11p15.5 centromeric imprinted gene cluster.17–19

KCNQ1OT1 epigenetically regulates the transcription of
multiple genes, including CDKN1C, a tumor suppressor
gene located within the CDKN1C/KCNQ1OT1 imprinted
region. It has been proposed that the function of CDKN1C
may be associated with PRC2 between CDKN1C and the
control region, which methylates H3K27 and leads to the
formation of a repressive chromatin state of the CDKN1C
locus.10,20–23 Therefore, we conclude that KCNQ1OT1 acts
as an inhibitor of LC cell proliferation by regulating the
transcription of CDKN1C, or other anti-tumor genes, as a
transcription factor. However, according to our analysis,
KCNQ1OT1 exerts inverse functions in different cancers,

such as gastric and ovarian cancers, indicating that the bio-
logical mechanisms of this molecule are more complicated
than first thought. No previous study has investigated this
association. Molecule function in tumor cells is associated
with multiple factors, such as tumor microenvironment or
gene mutation. This molecule is not the only one to exert
different functions in different malignancies, thus the
underlying mechanisms require further exploration.
In this study, we combined basic and clinical experi-

ments to determine the anti-tumor function of
KCNQ1OT1, which has not been explored by previous
studies. Accordingly, this lncRNA can be detected in tumor
tissues collected during surgery to evaluate prognosis in LC
patients. Moreover, this lncRNA has potential as a molecu-
lar target for LC gene therapy. These results demonstrate
reference value regarding cancer therapy alone, because
there are always differences between basic research and
clinical phenomenon, as assays in vitro cannot reflect the
anti-tumor immunity inside the human body. Further-
more, many previous studies of one molecule focus only
on a single aspect. In such a complex molecular network of
tumors, KCNQ1OT1 or other cancer-related molecules are
more likely to be associated with multiple mechanisms.
Further studies are required to explore the mechanisms of
KCNQ1OT1 in the process of suppressing lung

a b
P = 0.004

P = 0.035

P = 0.035

Figure 4 KCNQ1OT1 inhibits A549 cell proliferation. (a) Relative transfection efficiency of pcDNA-KCNQ1OT1 plasmid in A549 cells. A 6.12-fold
increase was observed (pcDNA-KCNQ1OT1 vs. WT; P = 0.004). (b) The cell proliferation rate of A549 cells was determined using methyl thiazolyl tet-
razolium assay. Upregulated KCNQ1OT1 led to an inhibition of cell growth in the 72nd hour (P = 0.035).
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malignancy, and also those that promote other malignan-
cies, such as gastric cancer.
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