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Introduction

Lung cancer is one of the most common malignant tumors  
and has the highest incidence and mortality rates of all  
tumors type in the world [1]. Lung cancer includes small 
cell lung cancer (SCLC) and non–small cell lung cancer 
(NSCLC), and SCLC accounts for approximately 13%-15% of 
all lung cancer cases [2,3]. SCLC is the most aggressive type 
of lung cancer. Although some SCLC patients initially have 
a good response to chemotherapy drugs, they will develop 
chemotherapy drug resistance eventually. The poor progno-
sis of SCLC patients is largely related to chemotherapy drug  
resistance [4,5]. Therefore, a deep understanding of the 
mechanisms of chemotherapy drug resistance is urgently 
needed to develop the effective therapeutic strategies of 

SCLC patients.
The human transcriptome consists of 2% protein-coding 

RNAs and 98% non–protein-coding RNAs (ncRNAs) [6]. 
ncRNA are divided into short ncRNA and long-ncRNA 
(lncRNAs) according to the size. LncRNAs are a class of tran-
scripts that are longer than 200 nucleotides in length with no 
ability to encode proteins [7]. Extensive studies have dem-
onstrated that lncRNAs are involved in various biological 
processes, such as regulating cell proliferation, cell metas-
tasis, cell differentiation and apoptosis [8-10]. With the fur-
ther understanding of lncRNAs, it is reasonable to believe 
that the abnormal expression of lncRNAs is related to the 
occurrence and development of malignant tumors includ-
ing lung cancer. Recent studies showed that some lncRNAs 
such as HOTAIR, HOTTIP, and Linc00173 were involved in 
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SCLC chemoresistance. HOTAIR appeared to affect SCLC 
chemoresistance by regulating HOXA1 DNA methylation 
[11]. HOTTIP induced SCLC chemoresistance by sponging 
miR-216a [12,13]. Linc00173 promotes chemoresistance and 
progression of SCLC by sponging miR-218 to regulate Etk 
expression [14]. Therefore, analysis of lncRNAs related to 
chemoresistance in SCLC is important for understanding 
SCLC chemoresistance.

The purpose of this study was to find the lncRNA related to 
chemotherapy drug resistance of SCLC cells and determine 
the underlying molecular mechanism. LncRNA microarray 
data indicated that lncRNA KCNQ1OT1 was upregulated in 
chemotherapy drug-resistant SCLC cell lines H69AR. Fur-
ther research identified the function of KCNQ1OT1 in SCLC 
and revealed a potential mechanism by which KCNQ1OT1 
contributes to chemotherapy drug resistance. We also ana-
lyzed the expression and prognosis of KCNQ1OT1 in SCLC 
patients. Our findings thus will provide new insights into the 
regulatory mechanisms of KCNQ1OT1 in SCLC tumorigen-
esis and chemotherapy drug resistance.

Materials and Methods
 
1. Patients and specimens

A total of 84 lung cancer tissues were obtained from pati-
ents who had underwent bronchofiberscopy, biopsy or lobec-
tomy for SCLC diagnosis or surgery during January 2013 to 
December 2016 at Fujian Medical University Union Hospital 
and Fujian Provincial Hospital. The non-tumoral lung tissues 
were obtained from the lung benign diseases including bron-
chiectasis and pulmonary bulla by thoracoscopic lobectomy. 

2. Cell culture 
The human SCLC cell lines H69 and H446 and the drug-

resistant subline H69AR obtained from the American Type 
Culture Collection (ATCC). The H446DDP cell was obtained 
by culturing H446 cell in gradually increasing doses of cis-
platin (cDDP) up to 0.8 μM after a total of 14 months in our 
laboratory according to literature report. All cells lines were 
cultured in RPMI 1640 containing 10% fetal bovine serum 
(Gibco, Carlsbad, CA) at 37°C and 5% CO2. The drug-resist-
ant cells were maintained in drug-free medium for at least 2 
weeks before any experiment. 

3. Microarray analysis
LncRNA microarray analyses were compared between 

H69AR and H69 cells. Global gene expression in H446DDP 
stably transfected with shRNA for the knockdown of KCN-
Q1OT1 or control were evaluated using cDNA microarray 
analysis.

4. RNA extraction and quantitative reverse transcription 
polymerase chain reaction

Total RNA was extracted from cells and tumor tissues  
using the Trizol reagent (Invitrogen, Carlsbad, CA) accord-
ing to the manufacturer’s instruction. Prime Script RT rea-
gent kit (TIANGEN, Beijing, China) was used to synthesize 
cDNA from total RNA. Quantitative reverse transcription 
polymerase chain reaction (RT-qPCR) was used to detect the  
expression of KCNQ1OT1 and other genes, and performed 
on an Applied Biosystems StepOne Plus Real-Time PCR 
System (Takara, Otsu, Japan). Glyceraldehyde 3-phosphate  
dehydrogenase (GAPDH) was used as an endogenous con-
trol. Relative quantification method 2–∆∆Ct was utilized to  
detect the relative expression of different genes. The sequenc-
es of siRNA and shRNA as well as primers were presented 
in S1 Table.

5. Western blot analysis
Cell proteins were extracted using radioimmunoprecipita-

tion assay buffer. Protein concentrations in lysate were meas-
ured by BCA protein assay kit (CoWin Biosciences, Beijing, 
China). Subsequently, protein sample (60 μg) was separated 
on 10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred onto Amersham Protran nitrocellu-
lose membrane (GE Healthcare Life Sciences, Fairfield, CT). 
After blocking with block buffer at room temperature for 1 
hour, the membrane was incubated with primary antibod-
ies at 4°C overnight. Finally, the membranes were incubated 
with secondary antibody for 1 hour. GAPDH was used as 
control. The proteins were detected by BIO-RAD ChemiDoc 
XRS+ system (Bio-Rad, Hercules, CA). 

6. Cell Counting Kit 8 assay
For Cell Counting Kit 8 (CCK-8) assay, SCLC cells were 

seeded in a 96-well plat at 5×103 cells per well for 24 hours. 
Cells were treated with three kinds of chemotherapy drugs 
(adriamycin [ADM], Yifei Biotech, Jiangsu, China), cisplatin 
(cDDP; Qilu Pharma, Shandong, China), etoposide (VP-16; 
Qilu Pharma) for 24 hours respectively. Each of the test sam-
ple was incubated with 10 μL CCK-8 (Dojindo, Kumamato, 
Japan) solution and measured at 450 nm. The SCLC cells  
incubated without chemotherapeutic drug were set as con-
trol and were utilized to assess the IC50 concentration of each 
drug. 

7. Colony formation assay
For clone formation assay, SCLC cells were seeded in 

6-well plates at a density of 200 cells per well for 2 weeks. 
Then the culture medium was removed, and the cells were 
stained with 0.1% crystal violet.
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8. Flow cytometric analysis
Cells were treated with drugs for 10 hours and then 

washed twice in cold phosphate buffered saline (PBS) and 
fixed with 70% ethanol. Apoptosis was detected by Annexin 
V-fluorescein isothiocyanate according to the manufacturer’s 
protocol. The samples were all analyzed by flow cytometry 
(BD FACSVerse, BD Biosciences, San Jose, CA) using FAC-

Suite software (BD Biosciences).

9. Wound healing assay
Wound healing assay was performed to confirm the mi-

gration ability. SCLC cells were seeded into a 6-well plates 
at 1.5×105 cells per well. When cells reached 90% confluence, 
a wound field was made using a 200 μL pipette tip. Subse-

Fig. 1.  High level of KCNQ1OT1 was a poor prognosis factor for patients with small cell lung cancer (SCLC). The expression of KCN-
Q1OT1 in H69 and H69AR (A), in H446 and H446DDP (B) cells. (C) The expression of KCNQ1OT1 in SCLC tissues and non-tumoral lung 
tissues. (D) The role of KCNQ1OT1 in the prognosis of SCLC patients. **p < 0.01.
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Table 1.  Association of KCNQ1OT1 with clinical parameters

Characteristic	 No.	 Average expression of KCNQ1OT1	 p-value

Age (yr)
    ≤ 60 	 40	 0.47	 0.180
    > 60 	 44	 0.36	
Sex			 
    Male 	 76	 0.42	 0.340
    Female 	   8	 0.36	
Smoking history			 
    Yes 	 65	 0.40 	 0.450
    No 	 19	 0.42	
Disease stage			 
    Limited disease 	 44	 0.29	 0.024
    Extensive-stage disease	 40	 0.54	
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quently, all cells were cultured in medium without serum for 
24 hours. Images of cells were captured to record the repair 
process.

10. Transwell assay
To confirm the invasion ability, a transwell invasion assay 

was carried out. SCLC cells were seeded in the interior of the 
insert chamber (Corning, New York, NY) with the matrigel-

coated membrane. After fixation and staining with 0.1% 
crystal violet, five random fields were selected and counted.

11. Tumor formation assay
BALB/c nude mice (male, 5 weeks old) were purchased 

from Sun Yat-Sen University Laboratory Animal Center 
(Guangzhou, China). All procedures were performed accor-
ding to the guidelines of the Association for the Assessment 

Fig. 2.  Knockdown of KCNQ1OT1 expression inhibited proliferation, migration and invasion of small cell lung cancer cells. (A) siRNA-
mediated knockdown of KCNQ1OT1 expression in H69, H69AR, H446, and H446DDP cells. (B) shRNA-mediated knockdown of KCN-
Q1OT1 expression in H69, H69AR, H446, and H446DDP cells. The effect of KCNQ1OT1 knockdown on proliferation in H69 (C), H446 (D), 
H69AR (E), and H446DDP (F) cell using Cell Counting Kit 8 assay. (Continued to the next page)
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Fig. 2.  (Continued from the previous page) The effect of KCNQ1OT1 knockdown on colony formation (G), migration (H), and invasion (I) in 
H446, H446DDP, and H69AR cells. *p < 0.05, **p < 0.01. (Continued to the next page)
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and Accreditation of Laboratory Animal Care International. 
The mice were randomly separated into four groups. Expo-
nentially growing SCLC cells were injected subcutaneous-
ly into the flanks of mice (5×106 cells in 100 μL of PBS per 
animal). Tumor volume was calculated using the formula 
V=(L×W2)×1/2, where V=volume, L=length, W=width.  
Tumor size was monitored every 2 days. When the tumors 
had reached an average volume of about 150 mm3, the mice 
were treated with cDDP (3 mg/kg, every week) and VP16 
(7 mg/kg, every 2 days). The mice were euthanized 28 days 
after injection.

12. Oligonucleotides and transfections
The siRNA targeting KCNQ1OT1 mRNA (si KCNQ1OT1), 

siCtrl were synthesized from GenePharma (Shanghai, Chi-
na). Cells were seeded at a density of 3×105 cells per well 
in 6-well plates with Dulbecco’s modified Eagle’s medium 
containing 10% fetal bovine serum for 24 hours. The trans-
fection was performed using lipofectamine 2000 (Invitrogen) 
according to the manufacturer’s guidelines. The lentiviral 
particles of shKCNQ1OT1 and sh-control were also synthe-
sized from GenePharma. 

13. Statistical analysis
All experiment was performed at least triplicate. Results 

are presented as the mean±standard deviation of three  
independent experiments. The difference between the means 
were tested by the Student’ s t test or One-way ANOVA test. 
All p < 0.05 were considered statistically significant.

Results

1. Clinical value of KCNQ1OT1 expression in SCLC
In order to identify lncRNA involved in the progression 

or development of chemoresistance in SCLC, we compared 
lncRNA profiles of H69AR cell and H69 cell. In total, 1,521 
significant lncRNAs expression differences were observed 
with up-regulation of 1,024 lncRNAs and down-regulation 
of 497 lncRNAs in H69AR cell compared with H69 cell. 
Previous studies have showed that KCNQ1OT1 was abnor-
mally expressed in a variety of tumors [15-18]. Based on the 
analysis of lncRNA microarray, KCNQ1OT1 expression was  
upregulated in H69AR cell. Then we found that the expres-
sion of KCNQ1OT1 in H69AR cell and H446DDP cell were 
higher than that in H69 cell and H446 cell by RT-qPCR,  
respectively (Fig. 1A and B). Meanwhile, the expression of 
KCNQ1OT1 was detected in SCLC tissues and non-tumor-
al lung tissues by RT-qPCR. KCNQ1OT1 expression was 
significantly upregulated in SCLC tissues compared with 
non-tumoral lung tissues (Fig. 1C). In addition, we further  
investigated the association between KCNQ1OT1 and clini-
cal features of SCLC patients. Our results indicated that 
SCLC patients with high KCNQ1OT1 expression had a sig-
nificantly poor prognosis than those with low KCNQ1OT1 
expression (Fig. 1D). 

Examination of the correlation between KCNQ1OT1  
expression and clinical pathological features showed that 
a high KCNQ1OT1 expression was correlated with SCLC 
disease stage, but KCNQ1OT1 expression was not associ-

Fig. 2.  (Continued from the previous page) 
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Fig. 3.  Knockdown of KCNQ1OT1 expression promoted small cell lung cancer cell apoptosis. Flow cytometric analysis was used for cell 
apoptosis detection after KCNQ1OT1 knockdown in H69, H69AR, H446, and H446DDP cells. (A) A bar graph demonstrating the rate of 
apoptosis using flow cytometry analysis. (B) Representative flow cytometry analysis graphs. PI, propidium iodide. *p < 0.05, **p < 0.01.
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ated with sex, age or smoking history of patients (Table 1). 
Compared with the patients for high level of KCNQ1OT1, 
those with low level of KCNQ1OT1 had a good prognosis at 
limited disease (S2A Fig.). However the expression of KCN-
Q1OT1 was not associated with prognosis for SCLC patients 
at extensive-stage disease (S2B Fig.). These results strongly 
suggested that the upregulated expression of KCNQ1OT1 
was a potential prognostic biomarker and may be useful in 
the development of chemoresistance progression for SCLC.

2. The biological functions of KCNQ1OT1 in SCLC
To explore the biological functions of KCNQ1OT1 in 

SCLC, KCNQ1OT1-siRNA and shRNA were used to manip-
ulate KCNQ1OT1 level in SCLC cells. We designed two spe-
cific siRNAs of KCNQ1OT1 and transfect them into SCLC 
cells, respectively. KCNQ1OT1 expression was measured by  
RT-qPCR at 24-hour post-transfections. In H69, H69AR, H446 
and H446DDP cells, KCNQ1OT1 expression was effectively 
50%, 56%, 54%, and 56% knocked down by KCNQ1OT1-
si1, 48%, 54%, 68%, and 66% by KCNQ1OT1-si2 compared 
with negative control cells (Fig. 2A). For stable KCNQ1OT1 
RNAi effects, the RNAi sequences were constructed on the 

KCNQ1OT1 shRNA1 and KCNQ1OT1 shRNA2 vectors,  
respectively. The knockdown effects were verified by RT-qPCR  
(Fig. 2B). CCK8 assay showed that knockdown of KCN-
Q1OT1 expression inhibited proliferation of H69, H69AR, 
H446, and H446DDP cells (Fig. 2C-F). Next, we found that 
knockdown of KCNQ1OT1 significantly inhibited the col-
ony formation of H69AR, H446 and H446DDP cells (Fig. 
2G). Furthermore, we analyzed the effect of KCNQ1OT1 on 
the migration and invasion behavior of H69AR, H446, and 
H446DDP cells. The results showed that knockdown of KC-
NQ1OT1 were able to inhibit the migration and invasion of 
H69AR, H446, and H446DDP cells (Fig. 2H and I). 

Flow cytometry assay was performed to identify the  
effect of KCNQ1OT1 expression on SCLC cells apoptosis. 
As expected, down-regulation of KCNQ1OT significantly 
promoted H69, H69AR, H446, and H446DDP cells apoptosis 
compared with negative control cells, respectively (Fig. 3A 
and B). 

3. The relationship between KCNQ1OT1 and chemoresist-
ance in SCLC

Apoptosis usually affects the resistance of tumor cells to 

Fig. 4.  Knockdown of KCNQ1OT1 expression resulted in increased chemosensitivity in small cell lung cancer cells. Cells were treated 
with the indicated dose of drug. IC50 values are as showed for ADM, DDP, VP-16 in H69, H69-NC, H69-si1, and H69-si2 cells (A), in 
H69AR, H69AR-NC, H69AR-si1, and H69AR-si2 cells (B), in H446, H446-NC, H446-si1, and H446-si2 cells (C), in H446DDP, H446DDP-
NC, H446DDP-si1, and H446DDP-si2 cells (D). *p < 0.05, **p < 0.01.
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chemotherapy. So we investigated the effect of KCNQ1OT1 
expression on the sensitivity of SCLC cells to chemotherapy. 
H69, H69AR, H446, and H446DDP cells were initially tran-
siently transfect with KCNQ1OT1 siRNA or siRNA NC. Sub-
sequently, the sensitivity of each cell line to ADM, cDDP, or 
VP-16 was assayed individually. Knockdown of KCNQ1OT1 
expression has been proved to significantly improve H69, 
H69AR, H446, and H446DDP cells chemotherapy sensitiv-
ity to ADM, cDDP, and VP-16 (Fig. 4A-D). Cells transfected 
with siRNA and knockdown was confirmed by RT-qPCR (S3 
Fig.). In addition, our data showed that ADM, cDDP, and 
VP-16 can significantly induce the apoptosis of H69, H69AR, 
H446, and H446DDP cells after knocking down KCNQ1OT1 
expression compared to negative control cells (Fig. 5, S4 and 
S5 Figs.).

The effect of KCNQ1OT1 to confer chemoresistance was 
further explored via an in vivo tumor model. As showed in 
Fig. 6A-C, KCNQ1OT1 knockdown resulted in smaller mice 
subcutaneous tumor sizes, and intraperitoneal injection of 
VP-16+cDDP into these mice with KCNQ1OT1 knockdown 
further restrained the growth of the tumor (Fig. 6D-F).

4. The potential mechanism of KCNQ1OT1-mediated 
chemoresistance

To identify pathways regulated by KCNQ1OT1 and to un-
derstand the potential mechanism of its chemoresistance ef-
fects in SCLC, gene expression profiles of H446DDP cells with 
or without KCNQ1OT1 knockdown were analysed by cDNA 
microarray. The heatmap was displayed in S6 Fig. We found 
that E-cadherin gene, the typical epithelial-to-mesenchymal 
transition (EMT) molecular marker, was significantly upreg-
ulated in KCNQ1OT1 knockdown H446DDP cells. Accord-
ingly, three mesenchymal genes (VIM [vimentin], TWIST1 
[twist family bHLH transcription factor 1], and ZEB-2 [zinc 
finger E-box binding homeobox 2]) and three key genes of 
transforming growth factor-β (TGF-β) signaling pathway 
(TGFB1 [transforming growth factor, beta 1], SMAD2 [SMAD 
family member 2], and SMAD3 [SMAD family member 3]) 
were down-regulated in KCNQ1OT1 knockdown H446DDP 
cells (Table 2). The results were subsequently detected using  
RT-qPCR and western blotting on H69AR cell (Fig. 7A-C) and 
H446DDP cell (Fig. 7D-F). As expected, knockdown of KCN-
Q1OT1 resulted in EMT, as evidenced by repression of the 
mesenchymal genes VIM, TWIST1, and ZEB-2 and induction 

Fig. 5.  Knockdown of KCNQ1OT1 increased apoptosis of cells treated with chemotherapy drugs. Flow cytometric analysis was used for 
cell apoptosis detection for KCNQ1OT1 knockdown cells treated with chemotherapy drugs. A bar graph demonstrating the rate of apopto-
sis using flow cytometry analysis in KCNQ1OT1 knockdown H69 (A), H69AR (B), H446 (C), and H446DDP (D) cells. *p < 0.05, **p < 0.01.
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of the epithelial marker E-cadherin. Recent studies have sug-
gested that activated TGF-β pathway could facilitate EMT. 
To elucidate the molecular mechanism through which KCN-
Q1OT1 leads to the EMT activating phenotype, we examined 
TGF-β pathways participated. Addition of exogenous TGFB1 
significantly increased the expression of SMAD2, SMAD3, 
TWIST, ZEB-2, and VIM, and decreased the expression of  
E-cadherin in H69 (Fig. 8A-C) and H446 (Fig. 8D-F) cells. 

In summary, our results indicated that KCNQ1OT1 could 
emerge as important regulators of EMT, enabled by TGF-β 
pathway activation, which ultimately endows SCLC cell 
chemoresistant. And a reciprocal regulation between KCN-
Q1OT1 and TGF-β pathway could exist in SCLC cells.

Discussion

The rapid emergence of drug resistance limits the benefits 
of SCLC treatment, resulting in poor survival and progno-
sis. Numerous studies revealed that lncRNAs were involved 
in the development and progression of multiple cancers.  
Recently, aberrant expression of lncRNAs has been observed 
in chemoresistant cancer cells, making them a promising tar-
get for cancer chemotherapy. In order to investigate the role 
of lncRNA in the development of chemoresistant in SCLC 
cells, we compared lncRNA expression profiles in SCLC 
chemoresistant cells by lncRNA microarray. Compared 
with the H69 cell, KCNQ1OT1 expression was significantly  
upregulated in H69AR cell, and has not been reported on 
SCLC. Therefore, KCNQ1OT1 was selected for further  
research.

Recently, high levels of KCNQ1OT1 were detected in a 
variety of tumors. In colorectal cancer, KCNQ1OT1 expres-
sion increased and promoted gastrointestinal metastasis [17]. 
Guo et al reported that KCNQ1OT1 promoted tumor growth 
and metastasis in melanoma. Luo et al. [15] demonstrated 
that KCNQ1OT1 enhanced ovarian cancer cells prolifera-
tion, as well as migration. Zheng et al. [19] and Sun et al. [20]  

reported that the expression of KCNQ1OT1 was upregulated 
in NSCLC and stage I Lung cancer patients respectively. In 
addition, the drug resistance of cancer cells was also associat-
ed with KCNQ1OT1 expression. For instance, the enhanced 
resistance to oxaliplatin in colon cancer and hepatocellular 
carcinoma was associated with increased level of KCN-
Q1OT1 [21,22].

In this study, we found that KCNQ1OT1 expression was 
increased in H69AR cell and H446DDP cell compared with 
H69 cell and H446 cell, respectively. Furthermore, high level 
of KCNQ1OT1 was also confirmed in SCLC tissues com-
pared with non-tumoral lung tissues, and high levels of 
KCNQ1OT1 indicated poor prognosis in SCLC patients. In 
addition, silencing of KCNQ1OT1 expression reduced SCLC 
cell proliferation, invasion and migration and induced cel-
lular apoptosis.

Previous studies showed that cell apoptosis played an  
important role in tumor treatment [23]. The reason for tumor 
drug resistance is mainly due to the anti-apoptotic pathway 
of cancer cells and the sensitivity to cancer cell apoptosis 
induced by chemotherapy drugs [24,25]. In this study, we 
found that knockdown of KCNQ1OT1 expression increased 
the sensitivity of SCLC cells to the chemotherapeutic drug 
ADM, cDDP and VP-16, and that knockdown of KCNQ1OT1 
significantly increased apoptosis of SCLC cells. These results 
illustrate that KCNQ1OT1 is involved in chemotherapy drug 
resistance in SCLC treatment.

Some recent studies showed that KCNQ1OT1 was invol-
ved in the progression of multiple cancers by targeting multi-
ple miRNAs [26,27]. In NSCLC cells, KCNQ1OT1 promoted 
cell migration and invasion by regulating miR-27b-3p [25]. In 
cholangiocarcinoma, KCNQ1OT1 promoted cells prolifera-
tion, invasion, and migration by regulating miR-140-5p [26]. 
In addition, KCNQ1OT1 promoted the progression of ovar-
ian cancer through miR-142-5p [27], which suggested that  
KCNQ1OT1 could regulate numerous genes by target-
ing multiple miRNAs. Therefore, we choose not to look at 
miRNAs regulated by KCNQ1OT1, but instead, we utilized 
cDNA microarray to determine genes regulated by KCN-
Q1OT1 in SCLC. In this study, we found that KCNQ1OT1 
knockdown inhibited the TGF-β and EMT signaling path-
ways. EMT has been reported to enhance resistance to chem-
otherapy in cancer cells in a variety of tumors, including 
breast cancer, pancreatic cancer, and non-SCLC [28]. TGF-β is 
considered to be the most important factor that induces EMT 
in developmental processes, cancer and other pathological 
conditions [29,30]. In some epithelial cell lines cultured in vit-
ro, TGF-β stimulation can induce EMT. We further found that 
TGF-β can regulate EMT in SCLC cells. Based on the above 
results, we believe that KCNQ1OT1 might regulates chem-
otherapy drug resistance of SCLC cells through the TGF-β  

Table 2.  Changes in gene expression after knockdown of  
KCNQ1OT1

Gene Id	 Log2FC	 p-value

E-CAD	 0.466781074	 0.029809636
TWIST1	 –0.0599418	 0.477872819
ZEB1	 –0.732119998	 1.04E-40
ZEB2	 –0.634441333	 2.43E-21
N-CAD	 –0.113228561	 0.010006974
TGFB1	 –0.575819785	 3.27E-19
SMAD2	 –0.557860465	 1.63E-37
SMAD3	 –0.261259289	 0.000200333
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mediated EMT pathway.
The findings presented in the research have allowed us to 

conclude that the expression of KCNQ1OT1 was increased 
in SCLC, and the high level of KCNQ1OT1 is a novel bio-
marker with poor prognosis in SCLC patients. In addition, 
KCNQ1OT1 was found to inhibit tumor cell apoptosis, pro-

mote proliferation, invasion and migration, and enhance cell 
chemotherapy drug resistance. Although the oncogene role 
of KCNQ1OT1 has been reported on some tumors, such as 
NSCLC, ovarian cancer, the role of KCNQ1OT1 in SCLC is 
still unknown. More importantly, our study suggests that 
KCNQ1OT1 may play an important role in SCLC chemo-

Fig. 8.  Exogenous TGFB1 increased KCNQ1OT1 expression and activated epithelial-to-mesenchymal transition pathway in small cell lung 
cancer cells. Exogenous TGFB1 stimulated H69 cell lines, and the mRNA level of KCNQ1OT1, SMAD2, SMAD3, TWIST1, ZEB-2, VIM, and 
CDH1 were detected at 12 hours (A), 36 hours (B), and 60 hours (C), respectively. Exogenous TGFB1 stimulated H446 cell lines, and the 
mRNA level of KCNQ1OT1, SMAD2, SMAD3, TWIST1, ZEB-2, VIM, and CDH1 were detected at 12 hours (D), 36 hours (E), and 60 hours 
(F), respectively. *p < 0.05, **p < 0.01.
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therapy drug resistance by regulating the TGF-β mediated 
EMT signaling pathway. In summary, our research suggests 
that KCNQ1OT1 silencing may be considered as a new ther-
apeutic application in SCLC patients, and lead to a better  
understanding of combination therapy based on chemother-
apy.
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