
Am J Cancer Res 2018;8(8):1427-1439
www.ajcr.us /ISSN:2156-6976/ajcr0082928

Original Article 
The lncKLF6/KLF6 feedback loop regulates  
the growth of non-small cell lung cancer 

Fei Li, Qianyun Zhang, Yange Gong, Jinxiang Yu

Department of Pulmonary and Critical Care Medicine (PCCM) ward II, Hebei Cangzhou Central Hospital, Hebei 
Province, China

Received July 15, 2018; Accepted July 30, 2018; Epub August 1, 2018; Published August 15, 2018

Abstract: Non-small lung cancer (NSCLC) is one of the most common causes of cancer-associated death worldwide. 
Long noncoding RNAs (lncRNAs) regulate cancer initiation and progression through different mechanisms. In the 
present study, we characterized a novel lncRNA named lncKLF6, which was upregulated in NSCLC and associated 
with poor clinical outcomes. lncKLF6 inhibited Kruppel-like factor 6 (KLF6) transcription and then facilitated NSCLC 
growth. lncKLF6 is associated with the epigenetic repressor BMI1 and regulates its stability via recruiting deubiq-
uitinase USP22. Moreover, it was revealed that lncKLF6 was a KLF6-responsive lncRNA, as KLF6 could occupy 
the lncKLF6 promoter to facilitate its transcription. The negative feedback loop of lncKLF6 and KLF6 continuously 
enhanced the oncogenic effects. Thus, our study elucidates the mechanism of lncKLF6-mediated growth via sup-
pression of KLF6, which provides the promising target for developing new therapeutic strategy in NSCLC.
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Introduction

Lung cancer is one of the most common causes 
of cancer-associated death worldwide [1, 2]. 
Small cell lung cancer (SCLC) and non-small 
lung cancer (NSCLC) account for 15% and 85% 
of lung cancer cases, respectively. Though the 
advancement of diagnostic and therapeutic 
technologies has been achieved, the 5-year 
overall survival rate of NSCLC remains as low 
as 40% [3]. Therefore, it is of great necessity to 
reveal the underlying mechanism of the initia-
tion and progression of NSCLC for obtaining 
novel potential therapeutic targets.

With the development of high-resolution se- 
quencing technology, thousands of long non-
coding RNAs (lncRNAs) were recently identified. 
lncRNAs have been reported to be closely asso-
ciated with various cellular processes, includ-
ing cell proliferation, migration, invasion, auto- 
phagy and pluripotency [4, 5]. lncRNAs exert 
their functions through different mechanisms. 
For example, lncRNA HOTAIR was associated 
with E3 ligase Mex3b to regulate the ubiquitina-
tion of Runx3 and then enhance the invasion of 
gastric cancer [6]. HOTAIR upregulated Bcl2 
expression and promoted the cellular prolifera-

tion through acting as a sponge for miR-143-3p 
in cervical cancer [7]. HOTAIR also interacted 
with histone-lysine N-methyltransferase enzy- 
me EZH2 to epigenetically silence miR-34a ex- 
pression and then induce epithelial-to-mesen-
chymal transition [8]. Recently, several lncRNAs 
were reported as potential prognostic and prog-
nostic markers for NSCLC [9, 10]. However,  
the comprehensive pathophysiological contri-
butions of lncRNAs to NSCLC and the underly-
ing mechanisms remain unclear.

Ubiquitination is involved in both protein sub-
strates and organelles. Ubiquitination of protein 
substrates is a reversible process. Deubiqui- 
tinases (DUBs) mediate removal of ubiquitin 
monomers or polymers from target proteins. 
Many DUBs, such as Ubiquitin specific pepti-
dase 9 X linked (USP9X), USP10 and USP14, 
demonstrate the specificity for proteins invol- 
ved in disease status. It has been shown that 
USP22 is overexpressed in several cancers [11, 
12]. USP22 deubiquitinates protein substrates 
which are essential in tumor cell signaling and 
survival, and then protect them from protea-
somal degradation. However, to date, the rela-
tionship between lncRNAs and DUBs is still  
elusive. In the present study, a novel lncRNA 
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named lncKLF6 is described, and it promotes 
NSCLC growth through suppression of Kruppel 
like factor 6 (KLF6) transcription via associa-
tion with BMI1. Furthermore, it was found that 
lncKLF6 recruits DUB USP22 to enhance BMI1 
stability and then suppresses KLF6 expression. 
Moreover, KLF6 suppresses lncKLF6 transcrip-
tion in turn to sustain the oncogenic effects 
continuously.

Materials and methods

Tissue samples and cell culture

70 pairs of NSCLC and corresponding nontu-
moral lung tissues were obtained from patients 
who underwent surgery at Cangzhou Central 
Hospital. All the samples were immediately fro-
zen in liquid nitrogen and stored at -80°C. Our 
study was approved by the Research Ethics 
Committee of Cangzhou Central Hospital and in 
accordance with the Declaration of Helsinki 
and written informed consent was obtained 
from all patients.

Two human NSCLC cell lines, A549 and 95D, 
were obtained from the Cell Bank of Chinese 
Academy of Sciences (Shanghai, China) and 
cultured in RPMI-1640 medium (Gibco) with 
10% fetal bovine serum (FBS) (Gibco) at 37°C 
in a 5% CO2 atmosphere.

lncKLF6 knockdown and overexpression

pLKO.1 plasmid expressing lncKLF6 or KLF6 
shRNAs were constructed by Genchem Bio- 
technology company (Shanghai, China). The tar-
get sequences of shRNAs were shown as fol-
low: shlncKLF6-1: CACAAATAGCTTGGCCCTA; sh- 
lncKLF6-2: CAGGAATCCTAGAGGTAGT; shKLF6: 
CTGCTATGTTTCAGCCTCA. Scramble shRNA was 
used as negative control (shCon). The full-
length lncKLF6 were cloned into pLV plasmid. 
Lentiviral vectors and packaging vectors were 
transfected into the packaging cell line 293T 
(ATCC) using the Lipo3000 Transfection Re- 
agent (Invitrogen). The medium containing lenti-
virus was harvested. Then the NSCLC cells 
were infected with lentivirus. The stable cells 
were selected by puromycin. 

siRNA transfection

siRNA oligonucleotides were ordered from Ri- 
bobio Company (Guangzhou, China). Cells were 
transfected with siRNAs by using the Lipo- 
fectamine RNAiMAX transfection reagent (Invi- 

trogen). The target sequences of siRNAs were 
shown as follow: siKLF6: CTGCTATGTTTCAG- 
CCTCA; siUSP22: GTGCCAGGACTACATCTAT; si- 
BMI1: AGCTAAATCCCCACCTGAT. 

5’ and 3’ RACE

ExactSTART RACE kit (Epicentre Biotechnolo- 
gies) was used for RACE analysis. 5’ and 3’ 
RACE were performed according to the manu-
facturer’s instruction.

Isolation of cytoplasmic and nuclear RNA

Cytoplasmic and nuclear RNA were isolated 
and purified using the Cytoplasmic & Nuclear 
RNA Purification Kit (Norgen, Belmont, CA) 
according to the manufacturer’s instructions. 

Quantitative real-time (qRT-PCR) 

Total RNA was isolated using TRIzol Reagent 
(Invitrogen) and reverse-transcribed using a 
High Capacity RNA-to-cDNA Kit (Applied Bio- 
systems) according to the manufacturer’s in- 
structions. qRT-PCR analysis was performed 
using SYBR Green qPCR SuperMix kits (Life 
Technologies) on Roche Lightcycler 96 instru-
ment. The primer sequences were provided  
as follow: KLF6-F: TTAACGGCTGCAGGAAAGT, 
KLF6-R: TTCCCATGAGCATCTGTAAGG; lncKLF6-
F: CTCATGGGTACATTCAGAGAAGAG; lncKLF6-R: 
GAAAGACCACAGCGTCTACTAC.

RNA immunoprecipitation (RIP) 

RIP assays were performed by EZ-Magna RIP 
RNA-Binding Protein Immunoprecipitation Kit 
(Millipore) according to the manufacturer’s in- 
structions. Briefly, cells were lysed in lysis buf-
fer containing a protease inhibitor cocktail and 
RNase inhibitor. Magnetic beads were pre-incu-
bated with negative control IgG, anti-BMI1 or 
anti-USP22 antibody for 1 hour at room tem-
perature, and lysates were immunoprecipitated 
with beads at 4°C overnight. RNA was purified 
from RNA-protein complexes bound to the 
beads and was then analyzed by qRT-PCR.

Chromatin immunoprecipitation (ChIP)

ChIP assays were performed by EZ-ChIP-Chro- 
matin Immunoprecipitation (Millipore) accord-
ing to the manufacturer’s instructions. Briefly, 
crosslinked chromatin was sonicated into 200- 
to 1,000-bp fragments. The chromatin was 
immunoprecipitated using anti-BMI1 (Abcam), 
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anti-ubH2AK119 (Millipore), or anti-KLF6 anti-
bodies (Abcam). DNA was purified from DNA-
protein complexes bound to the beads and was 
then analyzed by qRT-PCR.

RNA pull-down assay

RNA pull-down assay was performed as previ-
ously described [13]. Briefly, RNAs were biotin-
labeled with the Biotin RNA Labeling Mix (Ro- 
che) and in vitro transcribed using T7 RNA poly-
merase (Roche), which was treated with RNase-
free DNase I (Roche) and purified utilizing the 
RNeasy® Plus Mini Kit (Qiagen). Biotinylated 
RNAs were mixed and incubated with NSCLC 
cell lysates. Streptavidin agarose beads (Life 
Technologies) were added to each binding reac-
tion, followed by a 1-hr incubation period at 
room temperature. The beads were then boiled 
in sodium dodecyl sulfate (SDS) buffer. The 
eluted proteins were detected by western blot 
analysis.

Co-immunoprecipitation

Cells were lysed with an IP lysis buffer (Beyotime 
Institute of Biotechnology). Total protein was 
incubated with Dynabeads Protein G and the 
primary antibodies on a rocking platform over-
night at 4°C. The immunoprecipitates were 
washed three times with the lysis buffer. After 
the loading buffer was added, the beads were 
boiled and subjected to western blot analysis. 

Deubiquitination assay 

Endogenous BMI1 was immunoprecipited using 
the anti-BMI1 antibodies (Millipore), respective-
ly, in denaturing conditions. The BMI1 protein 
was purified and immunoblotted with anti-ubiq-
uitin (Santa Cruz) antibodies.

Cell proliferation analysis

Cells with different treatments were seeded at 
2000 cells per well in 96-well culture plates. At 
the indicated time points, 10 μl CCK-8 (Dojindo) 
was added to each well and incubated for 1.5 
h. Then, the absorbance values (OD 450 nm) 
were measured using a spectrophotometer 
(Thermo Fisher Scientific).

Tumorigenicity assay in vivo

Briefly, 4-week-old male athymic nude mice 
were blinded and randomly divided into differ-
ent groups, and each group had 6 mice (n = 6). 
The mice were subcutaneously injected with 1 

× 107 A549 cells with silencing of lncKLF6 to 
establish xenograft tumors. Tumor volume and 
mice weight were measured at the indicated 
times. All animal experiments were approved by 
the Institutional Animal Care and Use Commi- 
ttee at Cangzhou Hospital.

Colony formation assays

Cells were seeded at 2,000 cells per well in the 
six-well culture plates. After 10 days’ culture, 
cells were fixed and stained with crystal violet.

Cell cycle analysis

Cells were collected and resuspended in 75% 
ethanol at 4°C overnight. The cells were col-
lected by centrifugation and washed with PBS. 
Finally, the cells were resuspended in PBS con-
taining 100 g/ml RNase A and 50 g/ml propidi-
um iodide (PI). After incubation for 30 min at 
37°C, samples were subjected to flow cytome-
try for cell cycle analysis, and the data were 
analyzed using FlowJo software (Tree Star lnc., 
Ashland, OR).

Cell apoptosis analysis

Cells were trypsinized and resuspended, and 
then stained with fluorescein isothiocyanate-
conjugated Annexin V and 7-AAD (Apoptosis 
Detection Kit, KeyGEN, Nanjing, China) accord-
ing to the manufacturer. Cells were subjected 
to flow cytometry, and the data were analyzed 
using FlowJo software (Tree Star lnc., Ashland, 
OR).

Protein isolation and western blot

Cells were lysed in RIPA buffer (Beyotime 
Institute of Biotechnology). Total proteins were 
separated by SDS-PAGE and transferred to 
PVDF membranes (Millipore). Membranes were 
blocked in 5% non-fat milk and then incubated 
with anti-BMI1 (Cell Signaling), anti-GAPDH (Pro- 
teintech), anti-KLF6 (Cell Signaling), anti-USP22 
(Cell Signaling) or anti-Ubiquitin (Cell Signaling) 
antibodies, followed by incubation with second-
ary antibodies conjugated with horseradish pe- 
roxidase (HRP, Jackson). Immunoreactive pro-
teins were visualized using the Western Chemi- 
luminescent HRP Substrate (ECL) (Millipore).

Luciferase assays

The lncKLF6 promoter were constructed into 
pGL3-based plasmids. Cells were transfected 
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with pGL3-based reporter constructs as des- 
cribed, and pRLSV40 was the internal control 
plasmid. After transfection 36 h, the cells were 
lysed and assayed via a dual-luciferase report-
er assay kit (Promega, Madison, WI, USA). Luci- 
ferase activity was normalized to that of the co-
transfected pRL-SV40 plasmid.

Statistical analysis

The differences in the results between groups 
were compared using t-test or ANOVA test. 
Analysis was performed using the SPSS (ver-
sion 18.0), and P values less than 0.05 were 
considered significant.

Results

lncKLF6 suppresses KLF6 transcription

Firstly, the microarray data was analyzed from 
Gene Expression Omnibus data sets (GSE19- 
188 and GSE18842). In previous study, it was 
demonstrated that intergenic lncRNAs could 
regulate the transcription of neighboring genes 
in cis or in trans [14]. Therefore, we screened 
the intergenic lncRNAs which were overex-
pressed in NSCLC tissue and located in the 
nearby coding genes associated with NSCLC 
progression. KLF6 is frequently downregulated, 

functions as a tumor suppressor to inhibit cell 
proliferation and invasion and induces apopto-
sis in several types of cancers, including NSCLC 
[15, 16]. It was also found that the uncharacter-
ized intergenic lncRNA was termed as lncKLF6 
(gene symbol: RP11-482E14 or AL357833), 
which resided on chromosome 10, located in 
the upstream of the Kruppel-like factor 6 (KLF6) 
gene and was upregulated in NSCLC tissue 
(Figure 1A). We knockdown the lncKLF6 expres-
sion in two NSCLC cell lines, A549 and 95D 
cells, and the knockdown effect was detected 
by qRT-PCR (Figure 1B). Notably, lncKLF6 knock- 
down significantly increased both mRNA and 
protein levels of its nearby protein-coding gene 
KLF6 (Figure 1C and 1D). Together, novel lnc- 
RNA lncKLF6 that suppresses KLF6 transcrip-
tion was identified.

lncKLF6 interacts with BMI1 protein and en-
hances its stability 

Next, we explored the molecular mechanisms 
by which lncKLF6 inhibited KLF6 transcription. 
A total length of 2308 nt of lncKLF6 transcrip-
tion was determined by a RACE assay (Figure 
2A). Cellular fractionation assays also showed 
that lncKLF6 was mainly localized in the nuclei 
of NSCLC cells (Figure 2B). The nucleic lncRNA 

Figure 1. lncKLF6 suppresses KLF6 transcription. A. The location of lncKLF6 and KLF6 gene. The arrow indicated 
the transcriptional orientation. B. A549 and 95D cells were transfected with lentivirus expressing control shRNA 
(shcon) or lncKLF6 shRNAs (sh1 and sh2). The knockdown efficiency was examined by qRT-PCR. C. The KLF6 mRNA 
expression was determined in control and lncKLF6 knockdown NSCLC cells by qRT-PCR. D. The KLF6 protein expres-
sion was determined in control and lncKLF6 knockdown NSCLC cells by western blot. *P<0.05.
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Figure 2. lncKLF6 interacts with BMI1 protein and enchances its stability. A. Representative image of PCR products 
from the 5’-RACE and 3’-RACE procedure. The major PCR product is marked by an arrow. B. The cellular location of 
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usually regulated gene expression through 
interaction with RNA binding proteins [17]. 
Therefore, a RNA pull-down assay followed by 
mass spectrometry analysis is performed to 
identify proteins that interacted with lncKLF6 
(Figure 2C). BMI1, a core component of poly-
comb repressive complex 1 (PRC1), was recog-
nized. To validate the interaction between lnc- 
KLF6 and BMI1, the RIP assay was performed 

by using an anti-BMI1 antibody. The results sho- 
wed that lncKLF6 was significantly enriched by 
the BMI1 antibody compared with the negative 
control IgG (Figure 2D). To further confirm the 
association between lncKLF6 and BMI1, the 
RNA pull-down assay was performed, and then 
it was found that a positive signal was observed 
in proteins pulled down with lncKLF6 rather 
than in samples that were bound to antisense 

lncKLF6 in NSCLC cells. C. Biotin-RNA pull-downs were performed with nuclear extracts of A549 cells using sense 
lncKLF6 transcript and antisense lncKLF6 (AS-lncKLF6). This was followed by mass spectrometry. D. The associa-
tion between lncKLF6 and BMI1 was determined by RIP and followed by qRT-PCR. IgG was taken as negative control. 
E. The association of lncKLF6 and BMI1 were confirmed through RNA pull-down assay. Antisense lncKLF6 was taken 
as negative control. F. Western blot of BMI1 in protein samples pulled down by different lncKLF6 fragments. G. The 
effect of lncKLF6 knockdown on BMI1 protein level. H. A549 cells with lncKLF6 were treated with 30 mg/mL of 
cycloheximide (CHX), and harvested at the time points indicated after CHX treated. Immunoblot for BMI1 is shown. 
I. BMI1 protein levels in lncKLF6-silencing A549 cells treated with vehicle control or MG132. J. BMI1 ubiquitination 
level in lncKLF6-silencing A549 cells treated with MG132. *P<0.05.

Figure 3. lncKLF6 stabilize BMI1 through recruiting deubiquitinase USP22. A. The RIP assay was performed to 
examine the interaction of USP22 and lncKLF6. B. The interaction between USP22 and BMI1 was decreased by 
lncKLF6 knockdown. C. USP22 knockdown abolished the BMI1 upregulation mediated by lncKLF6 overexpression. 
D. USP22 knockdown rescued the BMI1 ubiquitination level inhibited by lncKLF6 overexpression. *P<0.05.
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lncKLF6 (Figure 2E). A series of deletion-map-
ping analyses also showed that a 710 nt region 
in the 5’ end of the lncKLF6 RNA was essential 
for the lncKLF6-BMI1 interaction (Figure 2F). 
Generally, these results demonstrate that lnc- 
KLF6 associates with BMI1. 

Next, we explored the regulatory relationship 
between lncKLF6 and BMI1. lncRNA could mo- 
dulate the protein stability of its interacting  
proteins. Intriguingly, silencing lncKLF6 signifi-
cantly decreased the protein level of BMI1 
(Figure 2G). To further explore the mechanism 
of lncKLF6-mediated BMI1 regulation, we treat-
ed A549 cells with cycloheximide (CHX), the 
inhibitor of protein synthesis, and detected the 
protein levels of BMI1 in different time points 
through the western blot. Then, it was observed 
that lncKLF6 knockdown significantly short-
ened the half-life of BMI1 (Figure 2H). In agree-
ment with this observation, the BMI1 expres-
sion decreased when the lncKLF6 shRNA rea- 
ched a level that was comparable to that in con-
trol cells by the treatment of proteasome degra-
dation inhibitor MG132 (Figure 2H). Moreover, 

the levels of polyubiquitin-modified BMI1 in 
lncKLF6 knockdown cells were examined. High- 
er BMI ubiquitination levels were also observed 
in lncKLF6 knockdown cells when treated with 
MG132 (Figure 2I). 

lncKLF6 stabilizes BMI1 through recruiting 
deubiquitinase USP22

We further explored the underlying mechanism, 
by which lncKLF6 increased BMI1 protein sta-
bility. Previous study demonstrated that deu-
biquitinase USP22 stabilized BMI1 [18]. Our re- 
sults of RNA pull-down assay followed by mass 
spectrometry analysis showed that lncKLF6 
also interacted with USP22. It was speculated 
that lncKLF6 stabilized BMI1 protein through 
recruiting USP22. Then, the RIP assay was per-
formed to confirm the association between 
lncKLF6 and USP22. The results displayed  
that lncKLF6 was significantly enriched by the 
USP22 antibody when compared with the nega-
tive control IgG (Figure 3A). Interestingly, the 
co-IP assay showed that USP22 interacted with 
BMI1, and their interaction was significantly 

Figure 4. lncKLF6 represses KLF6 transcription through H2AK119 ubiquitination. A. The level of BMI1 and ub-
H2AK119 at the KLF6 promoter in NSCLC cells with lncKLF6 knockdown were analyzed by ChIP. B. The BMI1 overex-
pression abolished the upregulation of KLF6 expression mediated by lncKLF6 knockdown. C. The level of BMI1 and 
ubH2AK119 at the KLF6 promoter in NSCLC cells with lncKLF6 overexpression were analyzed by ChIP. D. Depletion 
of BMI1 rescued the KLF6 expression decreased by lncKLF6 overexpression. *P<0.05.
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decreased by lncKLF6 knockdown (Figure 3B). 
We transfected USP22 siRNAs into NSCLC cells 
with lncKLF6 overexpression, and found that 
the depletion of USP22 attenuated the increase 
of BMI1 induced by lncKLF6 overexpression 

(Figure 3C). In addition, USP22 knockdown led 
to an increase in the BMI1 ubiquitination level 
in A549 cells with lncKLF6 overexpression 
(Figure 3D). Collectively, USP22 is involved in 
lncKLF6-mediated BMI1 upregulation.

Figure 5. lncKLF6 promotes NSCLC growth through suppression of KLF6 transcription in vitro and in vivo. A. The 
KLF6 expression was silenced in NSCLC cells with lncKLF6 knockdown. B. The KLF6 knockdown reversed the 
NSCLC cell proliferation decreased by lncKLF6 knockdown. C. The KLF6 knockdown reversed the NSCLC clone for-
mation reduced by lncKLF6 knockdown. D. The apoptosis rate of NSCLC cells were increased after lncKLF6 knock-
down, while reversed by KLF6 knockdown. E. The cell cycle distribution of indicated NSCLC cells was analyzed by 
flow cytometry. F. The indicated A549 cell clones were subcutaneously injected into the right flanks of male BALB/c 
nude mice. The tumor volume was measured. G. Immunohistochemical staining of Ki67 in xenograft tumor tissues, 
which indicated the degree of tumor proliferation. *P<0.05.
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lncKLF6 represses KLF6 transcription through 
H2AK119 ubiquitination

Given that BMI1 represses transcription via 
binding to the promoter region and ubiquitinat-
ing H2A at K119 (ubH2AK119) of target gen- 
es, we then detected whether lncKLF6 had  
an effect on the levels of BMI1 binding and 
ubH2AK119 at the KLF6 promoter by the ChIP 
assay followed by qRT-PCR. Then, it was found 
that lncKLF6 knockdown decreased the occu-
pancy of BMI1 and ubiquitination levels of 
H2AK119 in the KLF6 promoter (Figure 4A). In 
addition, restoring BMI1 expression abolished 
the upregulation of KLF6 expression mediated 
by lncKLF6 knockdown (Figure 4B). Conversely, 
the overexpression of lncKLF6 increased the 
occupancy of BMI1 and ubH2AK119 levels in 
KLF6 promoter regions (Figure 4C). The deple-
tion of BMI1 rescued the KLF6 expression sup-
pressed by lncKLF6 overexpression (Figure 
4D). To sum up, these observations demon-
strated that lncKLF6 inhibited KLF6 expression 
through regulating BMI1 protein stability.

lncKLF6 promotes NSCLC growth through the 
suppression of KLF6 in vitro and in vivo

To determine the functional significance of the 
regulation concerning KLF6 by lncKLF6, we 
knockdown the KLF6 expression in lncKLF6-
silencing cells (Figure 5A). CCK-8 and colony 
formation assays showed that the knockdown 
of lncKLF6 significantly suppressed the cellu- 
lar proliferation of both A549 and 95D cells, 
whereas the downregulation of KLF6 rescued 
this decrease (Figure 5B and 5C). In addition, 
lncKLF6 knockdown resulted in the increased 
percentage of apoptotic cells and cell cycle 
arrest, while the depletion of KLF6 eliminated 
these effects (Figure 5D and 5E).

To show the importance of lncKLF6 in regulat-
ing the growth of NSCLC cells, we performed in 
vivo tumor growth assays. Compared with the 
control groups, mice injected with lncKLF6-
silencing A549 cells displayed a significant inhi-
bition of tumor growth. KLF6 knockdown was 
able to counteract the suppressive activities  
of lncKLF6 knockdown (Figure 5F). In addition, 

Figure 6. lncKLF6 is upregulated in NSCLC and negatively correlates with KLF6 expression. A. The lncKLF6 expres-
sion in 59 pairs of NSCLC and matched normal tissues was determined by qRT-PCR. B. The KLF6 expression in 59 
pairs of NSCLC and matched normal tissues was determined by qRT-PCR. C. The correlation between lncKLF6 and 
KLF6 expression in NSCLC tissues. D. The relationship between lncKLF6 and prognosis of NSCLC patients. E. The 
relationship between KLF6 and prognosis of NSCLC patients.
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immunohistochemical (IHC) staining revealed 
the reduction of the proliferation marker Ki67 
expression in the xenograft tumours grown 
from lncKLF6 knockdown A549 cells, and the 
downregulation of KLF6 attenuated this decre- 
ase (Figure 5G). Taken together, these results 
demonstrated an important role of KLF6 in 
lncKLF6-induced growth.

lncKLF6 is upregulated in NSCLC and nega-
tively correlates with KLF6 expression

To further determine whether the lncKLF6-
mediated suppression of KLF6 expression is 
clinically relevant to NSCLC development, qRT-
PCR was performed to detect the expression 
patterns of lncKLF6 and KLF6, and their corre-
lation in 70 pairs of NSCLC tissue and matched 
non-tumor tissue was analyzed. As shown in 
Figure 6A and 6B, lncKLF6 was significantly 
increased, while KLF6 was markedly decreased 
in NSCLC tissue than that in matched non-
tumor tissue. Moreover, a negative correlation 
between lncKLF6 and KLF6 expression in 
NSCLC tissue was observed (Figure 6C).

Furthermore, we examined the relationship 
between the expression of lncKLF6 and KLF6 
and the clinical outcome of NSCLC patients. 
The results showed that the NSCLC patients 
with high lncKLF6 or low KLF6 expression had 
significantly decreased overall survival (Figure 
6D and 6E). Taken together, our results suggest 
that lncKLF6 and KLF6 expression may func-
tion as prognostic predictors for NSCLC pati- 
ents.

KLF6 suppresses lncKLF6 transcription

Interestingly, bioinformatics analysis predicted 
that KLF6 may bind to the promoter region of 
the lncKLF6 gene. It was confirmed whether 
KLF6 could regulate lncKLF6 expression in 
turn. The results of the qRT-PCR assay demon-
strated that the deletion of KLF6 by siRNAs  
significantly upregulated lncKLF6 expression 

(Figure 7A), whereas the transfection of KLF6 
inhibited lncKLF6 expression (Figure 7B). Fur- 
thermore, the luciferase assay showed that  
the activity of the lncKLF6 promoter was sig- 
nificantly suppressed by KLF6 overexpression 
(Figure 7C), while increased by KLF6 knock-
down (Figure 7D). To further clarify which ele-
ment was critical for the suppression of lncKLF6 
mediated by KLF6, the two predicted KLF6-
binding sites were individually deleted. Then,  
it was found that KLF6 only slightly inhibited 
lncKLF6 transcription activities without the E2 
element (Figure 7E), indicating that the E2 ele-
ment was essential for KLF6 to inactivate 
lncKLF6 transcription. To further confirm these 
results, the ChIP assay was performed with the 
anti-KLF6 antibody, followed by qRT-PCR detec-
tion with the specific primer for the E2 element. 
As shown in Figure 7F, KLF6 could significantly 
bind to the lncKLF6 promoter. These findings 
suggest that there is a regulatory feedback 
loop between lncKLF6 and KLF6 expression in 
NSCLC cells.

Discussion

In the current study, we identified a novel func-
tional lncRNA lncKLF6, which repressed the 
nearby protein-coding gene KLF6 expression. 
lncKLF6 recruited USP22 to stabilize BMI1 pro-
tein and then suppressed KLF6 transcription. 
Moreover, it was found that lncKLF6 enhanced 
cell proliferation and inhibited cell apoptosis in 
a KLF6-dependent manner. The upregulation of 
lncKLF6 and downregulation of KLF6 also pre-
dicted the poor prognosis of NSCLC patients. 
Meanwhile, lncKLF6 transcription was inhibited 
by KLF6. Thus, our results indicated that lnc- 
KLF6 acts as an oncogene in NSCLC and may 
be taken as a promising therapeutic target for 
NSCLC.

Recent studies have suggested that lncRNAs 
are important regulators for many biological 
processes, more than ‘transcriptional noise’ 
[19]. lncRNAs play important roles in tumori-

Figure 7. KLF6 suppresses lncKLF6 transcription. A. A549 and 95D cells were tranfected with KLF6 siRNAs. The ex-
pression levels of KLF6 and lncKLF6 were detected by qRT-PCR. B. A549 and 95D cells were tranfected with KLF6. 
The expression levels of KLF6 and lncKLF6 were detected by qRT-PCR. C. A549 and 95D cells were tranfected with 
KLF6. The relative luciferase activity of lncKLF6 promoter was detected by luciferase assay. D. A549 and 95D cells 
were tranfected with KLF6 siRNAs. The relative luciferase activity of lncKLF6 promoter was detected by luciferase 
assay. E. Two predicted KLF6-binding sites of the lncKLF6 promoter was individually deleted and named E1-Del and 
E2-Del. Luciferase assay was employed to detect transcriptional activities of the two lncKLF6 promoter deletion 
mutants when KLF6 expression was enforced in NSCLC cells. F. ChIP assays showed that KLF6 bound to the E2 
element of lncKLF6 promoter. IgG served as a negative control. *P<0.05.
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genesis and metastasis through association 
with other molecules including microRNAs, pro-
teins and mRNAs [4, 20]. Previous study dem-
onstrated that intergenic lncRNAs function in 
cis to regulate the transcription of neighboring 
genes in trans [14]. For example, lncTCF7 pro-
moted its nearby protein-coding gene TCF7 
expression through recruiting three core sub-
units of the SWI/SNF complex, BRG1, BAF170, 
and SNF5, to promote cancer stem cells’ self-
renewal and tumor propagation [21]. In the pre- 
sent study, it is found that lncKLF6 also sup-
presses its neighboring gene KLF6 transcrip-
tion. Mechanistically, lncKLF6 was mainly local-
ized in the nuclei and interacted with BMI1. 
lncKLF6 was associated with USP22 to sup-
press the ubiquitination level of BMI1 and in- 
crease the ubH2AK119 level, and subsequent-
ly inhibited KLF6 expression. Previous study 
reported that USP22 could interact with BMI1 
and increased its stability [18]. Interestingly, it 
was revealed that the knockdown of lncKLF6 
significantly suppressed the interaction bet- 
ween BMI1 and USP22, indicating that lncKFL6 
functions as a scaffold for the BMI1-USP22 
association.

KLF6 is a putative tumor suppressor in some 
cancers, including NSCLC. The loss of KLF6 
expression is also correlated with cancer pro-
gression, tumor recurrence, and short survival 
time [22, 23]. It has been reported that KLF6 is 
downregulated in primary NSCLC tissue, and 
overexpression KLF6 induced cell apoptosis 
and suppressed cell proliferation [15]. KLF6 
promoted G1 cell cycle arrest mainly through 
CDKN1A promoter transactivation [24]. In addi-
tion, KLF6 transactivated multiple genes that 
inhibited the NF-κB pathway and consequently 
reduced NF-κB nuclear localization and down-
regulated NF-κB targets [25]. The abnormal  
epigenetic alteration of KLF6 has also been 
detected [26]. However, whether lncRNAs are 
involved in the loss of KLF6 remains unclear. 
Our study demonstrated that lncKLF6 worked 
as the upstream of KLF6. lncKLF6 epigeneti-
cally silenced KLF6 expression through associ-
ating with BMI1 and increasing the ubiquitina-
tion of H2AK119. Intriguingly, it was found that 
KLF6 directly bounded to the lncKLF6 promoter 
region and suppressed its transcription. Thus, 
these findings suggest that the lncKLF6-BMI1-
KLF6 axis may serve as a potential target for 
NSCLC therapies. 

In conclusion, it is demonstrated that lncRNA 
lncKLF6 inhibits the KLF6 expression through 
BMI1 and USP22 and consequently promotes 
NSCLC growth. Our study also presents that  
the lncRNA regulates the nearby protein-coding 
genes and provides insight into the complex 
biological functions of lncRNAs.
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