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proliferation via sponging miR-20b-5p to activate

CCND1 expression
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Background: Recently, numerous studies have demonstrated the emerging role of long non-

coding RNAs (lncRNAs) in human cancers. Linc00467 is a newly defined lncRNA and was

reported to promote cell survival in neuroblastoma. However, the function of linc00467 in

lung cancer is still unclear.

Material and methods: We analyzed linc00467 expression and survival data derived from

The Cancer Genome Altas lung adenocarcinoma (LUAD) dataset as well as in collected

LUAD tissues. Then, we silenced linc00467 expression in two lung cancer cell lines using

small interfering RNAs and explored the effect of linc00467 knockdown on cell growth in

vitro and in vivo. Moreover, we revealed a novel target gene of linc00467 and elucidated the

underlying competitive endogenous RNA regulatory mechanism in lung cancer cells.

Results: Our data suggested that linc00467 expression was elevated in LUAD tissues and

correlated with overall survival of LUAD patients. Linc00467 knockdown resulted in reduced

proliferation rate in lung cancer cells. Furthermore, we elucidated that linc00467 promoted

CCND1 expression in lung cancer cells via functioning as a molecular sponge for miR-20b-5p.

Conclusion: Linc00467/miR-20b-5p/CCND1 signaling pathway may provide new insights

into lung cancer treatment.
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Introduction
Lung cancer is one of the most common cancer types worldwide with extremely high

incidence and mortality, especially in men.1 According to histological features, lung

cancer can be divided into two different general types, small cell lung carcinoma and

non-small cell lung carcinoma (NSCLC). Three major histological subtypes of NSCLC

are adenocarcinoma, squamous cell carcinoma, and large cell carcinoma.2 In recent

decades, lung adenocarcinoma (LUAD) is considered to be the predominant type of

NSCLC which accounts for approximately 35% of all lung cancer cases.3 Gene

mutations, abnormal proliferation of cells, invasive cell transfer, heterogeneity, and

other complex processes can lead to occurrence and development of LUAD. Late

diagnosis, poor prognosis, and recurrence of LUAD remain the severest problems of

clinical therapy.4 Therefore, discovery of novel prognostic biomarkers and therapeutic

targets have great significance to improve current treatment of LUAD.

Cell cycle of mammalian cells is well organized and regulated by cyclin-

dependent kinases (CDKs) and their partners to make sure appropriate processes
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of cell proliferation and cell division.5 There are four main

phases of cell cycle, G0/G1, S, G2, and M. Progression of

different phases were highly controlled by specific CDKs

through signal induction and checkpoint inhibition. The

cyclin D-CDK4/6 complex leads to G0/G1-S phase transi-

tion through two distinguished mechanisms.6 It may elim-

inate inhibition of two CDK inhibitors p21Cip1 and

p27Kip1, which results in activation of cyclin E-CDK2.

The complex can also phosphorylate the retinoblastoma

(RB) tumor suppressor protein which binds with E2F

transcriptional factors in natural state, thereby set E2F

family members free to activate transcription of target

genes that are associated with G1-S phase transition.

Cyclin D1, which is encoded by CCND1 gene, functions

as an important cell cycle regulator and participates in

cyclin D-CDK4/6-RB pathway thus leading to cell cycle

going through G1 phase to S phase.7 Many reports have

shown that aberrant cell cycle normally happens in various

cancer types including lung cancer.8–10 Targeting CDKs or

other cyclin proteins via inhibitors such as CDK4/6 inhi-

bitor palbociclib,11 PLK1 inhibitor rigosertib,12 provides

an efficient therapy for cancer treatment. However, it is

also important to investigate other mechanisms that indir-

ectly regulate cell cycle progress and make new trial

strategies.

Human genome has approximately 20,000 protein-cod-

ing genes which only account for less than 2% of the

whole genome.13 It indicates that RNAs with no responsi-

bility for coding proteins, which are defined as non-coding

RNAs (ncRNAs), also play crucial roles in gene regula-

tion. Long non-coding RNA (lncRNA) is a kind of ncRNA

transcripts that are longer than 200 nucleotides and distin-

guished from small ncRNAs. Aberrant lncRNA expression

is reported to promote tumorigenesis or indicate various

cancer types occurrence including lung cancer. One exam-

ple is lncRNA HOTAIR which was proved to downregu-

late p21 expression and contribute to cisplatin resistance in

LUAD.14 Another important lncRNA MALAT1 was found

to be up-regulated in early-stage NSCLC and related to

cancer metastasis.15 It was then identified to be a promis-

ing biomarker for diagnosis of stage I NSCLC. LncRNA

shows different functions in regulating biological pro-

cesses due to its complex structure. One major mechanism

is depending on its interaction with a subclass of small

ncRNAs called microRNA. The competitive endogenous

RNA (ceRNA) hypothesis supposes that lncRNA can form

a sponge with microRNA and then eliminate degradation

of target genes mediated by microRNA.16 Although

increasing number of reports mentioned the vital roles of

lncRNA in cancer initiation and development, it is still

necessary to seek novel lncRNAs as prognostic markers or

therapeutic targets.

In our study, we examined the expression of linc00467

in LUAD tissues and cell lines. Furthermore, we investi-

gated the function of linc00467 in lung cancer cell pro-

gression using in vitro and in vivo experiments.

Mechanistically, we revealed a novel linc00467/miR-30b-

5p/CCND1 signaling in LUAD cells, providing new

insight into lung cancer therapy.

Materials and methods
Clinical tissue samples
A total of 33 LUAD tissues as well as adjacent normal

lung tissues were collected from Renming Hospital of

Wuhan University. The experimental procedures were

approved by the ethics committee of Renming hospital.

Written informed consents were obtained from all patients

and this procedure was conducted in accordance with the

Declaration of Helsinki. Fresh tissues were frozen down in

liquid nitrogen and reserved for the following RNA isola-

tion assay.

Cell culture
Human LUAD cell lines H1299, H23, A549, and HCC827

and normal lung fibroblast cell line IMR90 were obtained

from Shanghai Institute of Cell Biology, Chinese Academy

of Sciences (Shanghai, China). Cells were maintained in

an incubator which contained 5% CO2 at 37°C and pro-

vided with a humidified atmosphere. Dulbecco’s modified

Eagle Medium (Thermo Fisher Scientific, San Jose, CA,

USA) supplemented with 10% (v/v) Fetal Bovine Serum

(Invitrogen, Carlsbad, CA, USA), penicillin (100 U/mL),

and streptomycin (100 mg/mL; Sigma-Aldrich, St. Louis,

MO, USA) was utilized for culturing lung cell lines in

vitro.

Small RNA transfection assay
Small interfering RNAs (siRNAs) targeting linc00467 and

negative control (NC) siRNA were synthesized by

GenePharma (Shanghai, China). The miR-20b-5p mimics

and NC mimics were also purchased from GenePharma.

Related synthetic RNA sequences were as follows:

si-linc00467-1, 5ʹ-GCAAGACUCUGUCUACAAA-3ʹ.

si-linc00467-2, 5ʹ- GGAUAUUAACUCAAGGUAA-3ʹ.

miR-20b-5p mimics, 5ʹ-CAAAGUGCUCAUAGUGCAG
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GUAG-3ʹ. Lipofectamine 2000 (Invitrogen, Carlsbad, CA,

USA) was used to transfect oligonucleotides into A549

and H1299 cell lines according to the manufacturer’s

instructions.

CCK-8 assay, EdU assay, and colony

formation assay
Cell proliferation was examined using cell counting kit-8

(CCK-8, Beyotime, Shanghai, China) and Cell-Light EdU

Kit (Ribobio, Guangzhou, China). For CCK-8 assay, cells

transfected with siRNAs were plated at an amount of 3 × 103

into each well of 96-well plates (n=5). 10% (v/v) CCK8

solution was added into each well every day at the same

time during a 5-day culturing. After incubating and protected

from light at 37°C for 2 hrs, 800 TS Absorbance Reader

(BioTek Instruments, Winooski, VT, USA) was used to read

values of OD 450 nm.

Transfected cells were harvested at their logarithmic

growth phase and re-seeded into 96-well plates at a con-

centration of 1×105 per well. After one-day incubation,

EdU assay was performed according to instructions and

images were observed by Zeiss LSM710 confocal laser

microscope (Zeiss, Germany).

For colony formation assay, 1×103 cells were plated

into each three wells of six-well plates. After culturing for

14 days under normal conditions, colonies were fixed by

methanol, stained using 0.1% crystal violet and washed

cleanly for photography.

Cell cycle and apoptosis analysis
After transfection for 2 days, cells were collected to ana-

lyze cell cycle using Cell Cycle Detection Kit (Keygen

biotech, Nanjing, China) and apoptosis using FITC

Annexin V Apoptosis Detection Kit (BD Biosciences,

San Jose, CA, USA) according to the manufacturer’s

protocols.

Briefly, after harvesting and washing cell pellets, 70%

cold ethanol was used to resuspend and fix cells over 2 hrs

at 4°C. Fixed cells were then incubated with RNase at 37°C

for 30 mins followed by mixing with Propidium Iodide (PI)

staining solution and incubated for another 30 mins at 4°C.

Apoptotic cells were washed and resuspended in 1×

Annexin V binding buffer. FITC Annexin V and PI were

added into the solution for 15 mins incubation in the dark.

All following analysis was then performed by LSR II

flow cytometer (BD Biosciences).

RNA preparation and real-time PCR
Total RNA from tissues and cell lines was isolated using

TRIzol reagent (Invitrogen). HiScript 1st Strand cDNA

Synthesis Kit (Vazyme Biotech, Nanjing, China) was

used to synthesize cDNA for following real-time PCR

analysis. Real-time PCR was performed using AceQ

qPCR SYBR Green Master Mix (Vazyme Biotech) on an

ABI 7900 system (Applied Biosystems, Foster City, CA,

USA) in triplicate. The primer sequences used were as

follows:

linc00467 forward, 5ʹ-CAGCACCGATCCCGACATAG-

3ʹ, reverse, 5ʹ- CTGGCTTCCTGAAGACGATGA-3ʹ. CC

ND1 forward, 5ʹ- GCTGCGAAGTGGAAACCATC-3ʹ,

reverse, 5ʹ- CCTCCTTCTGCACACATTTGAA-3ʹ.

Cell lysates preparation and Western blot

analysis
Cells were resuspended in RIPA lysis buffer (150 mM

NaCl, 1% Nonidet P-40, 0.5% Sodium deoxycholate,

0.1% SDS, 25 mM Tris pH 7.4). Cell lysates were incu-

bated on ice for 20 mins and supernatants were collected

after high-speed centrifuge at 4°C. Protein concentration

was measured by Bradford assay. Samples were loaded

evenly into SDS-PAGE and transferred onto PDVF mem-

branes (Roche). Membranes were blocked in 5% skim milk

at room temperature and then incubated with primary anti-

bodies overnight at 4°C. After washing with PBS-T (PBS

solution, 0.1% Tween-20) and incubation of secondary anti-

bodies, membranes were incubated with ECL Western

Blotting Substrate (Thermo Fisher Scientific) and protein

bands were developed in dark room. Antibodies used for

Western blot assay were: CCND1 (abcam, ab16663), pRb

(abcam, ab184796), CDK4 (abcam, ab199728), CDK6

(abcam, ab54576), GAPDH (abcam, ab9485).

Tumor xenograft model in nude mice
The animal experimental procedures were performed

according to the National Institutes of Health’s Guide for

the Care and Use of Laboratory Animals, and were

approved by the Institutional Review Board of Renmin

Hospital. 6-week-old female nude mice purchased from

the Model Animal Research Center of Nanjing University

(Nanjing, China) were fed under specific pathogen-free

conditions at Renmin hospital. To induce tumorigenesis,

1 × 106 transfected cells resuspended in 100 μL PBS con-

taining 10% Matrigel (Sigma-Aldrich) were injected s.c.

into each flank of nude mice (n=5). Tumor volumes were
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measured every 4 days after injection. Tumor weight was

measured after mice being euthanized at indicated time

points.

Luciferase assay
Wild type (wt) and mutant fragments of linc00467 or

CCND1 3ʹ-UTR containing miR-20b-5p binding sites

were synthesized by GenePharma and subcloned into luci-

ferase reporter vector pGL3 (Promega, Madison,

Wisconsin, USA). β-galactosidase (β-gal) expression plas-

mid (Invitrogen) and miRNA mimics were co-transfected

with wt or mutant vectors into cells using Lipofectamine

2000 (Invitrogen). β-gal plasmid could catalyze substrates

to get measurable color and suggested transfection effi-

ciency. After 48 hrs transfection, relative luciferase activity

was measured by Dual-Luciferase Assay Kit (Promega).

Statistical analysis
All experiments were repeated at least three times.

GraphPad Prism (version 8, La Jolla, CA) was used to

analyze data statistically. All data were presented as mean

± standard deviation. The significance between two groups

was evaluated using Student’s t-test. P-value <0.05 was

considered to be significant.

Results
Linc00467 was up-regulated in lung

adenocarcinoma tissues and cell lines
To investigate whether linc00467 may play a role in lung

cancer, we firstly explored the relevant information of

linc00467 in The Cancer Genome Altas database. We found

that linc00467 expression was elevated in LUAD (Figure 1A).

Moreover, high linc00467 expressionwas correlatedwith poor

overall survival of lung cancer patients (Figure 1B). Then, we

examined linc00467 expression in collected LUAD tissues.

Real-time PCR analysis showed that linc00467 expression

was significantly up-regulated in LUAD tissues compared to

adjacent normal tissues (Figure 1C). We also analyzed

linc00467 expression in four LUAD cell lines (H1299, H23,

HCC827, and A549) as well as in IMR90 lung fibroblast cell

line and got similar results (Figure 1D). Linc00467 expression

in H1299 and A549 cell lines was higher than in other two

lung cancer cell lines, so we used H1299 and A549 cell lines

for the following experiments. The above data indicated that

linc00467 levels were up-regulated in human LUAD tissues

and high expression of linc00467 was correlated with poor

prognosis, suggesting that linc00467may promote lung cancer

malignant progression.

Linc00467 knockdown inhibited lung

cancer cell growth
To explore the role of linc00467 in lung cancer progression,

we transfected H1299 and A549 cells with small interference

RNAs targeting linc00467 (silinc00467-1, silinc00467-2).

Knockdown efficiency was confirmed by real-time PCR ana-

lysis (Figure 2A and B). We found that linc00467 silencing

significantly inhibited cell growth in H1299 and A549 cells

(Figure 2C and D). This result was further confirmed by EdU

cell proliferation assay (Figure 2E). Moreover, colony forma-

tion assay showed that linc00467 knockdown impaired cell

reproductive capacity in lung cancer cells (Figure 2F and G).

These data suggested that linc00467 was essential for lung

cancer cell proliferation.

Linc00467 knockdown led to lung cancer

cell G0/G1 arrest
As cell growth was impaired in linc00467 knockdown lung

cancer cells, we next investigated whether cell cycle progress

and apoptosis were affected by linc00467 expression levels in

these cells. Cell apoptosis was analyzed by cell flow cytometry

and the result showed that linc00467 had no effect on cell

apoptosis in lung cancer cells (Figure 3A and B). Then, we

examined cell cycle and found that inhibition of linc00467

expression resulted in cell cycle arrest at the G0/G1 phase in

lung cancer cells (Figure 3C and D). To further investigate the

function of linc00467 in cell cycle arrest, we analyzed G1

checkpoint-related protein expression using real-time PCR

and Western blot. Real-time PCR analysis suggested that

CCND1 expression was inhibited in linc00467 knockdown

cells (Figure 3E and F). Consistently, Western blot result

showed that CCND1 and its downstream target phosphory-

lated RB (pRB) levels were decreased in linc00467 knock-

down lung cancer cells (Figure 3G and H). These data

suggested that linc00467 played an important role in cell

cycle via regulating CCND1 expression.

Linc00467 knockdown inhibited tumor

growth in vivo
To elucidate the effect of linc00467 on tumor growth in

vivo, we subcutaneously injected A549 cells which were

transfected with linc00467 siRNA or NC siRNA into

nude mice. As shown in Figure 4A and B, tumor weight

and volume were significantly reduced in linc00467
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knockdown group. Western blot analysis showed that
CCND1 and pRB levels were decreased in linc00467
knockdown group compared with the NC group
(Figure 4C). Immunohistochemical staining result indi-
cated that CCND1 protein levels were decreased in
tumors from linc00467 knockdown group (Figure 4D).
These results suggested that linc00467 promoted lung
cancer cell growth and were consistent with in vitro
data above.

Linc00467 acted as a sponge of miR-20b-

5p in lung cancer cells
To investigate the underlying mechanism of linc00467 in

CCND1 regulation, we analyzed potential ceRNA regula-

tory network of linc00467 and found that miR-20b-5p may

be correlated with linc00467. We first examined miR-20b-

5p expression and found that miR-20b-5p levels were

increased in linc00467 knockdown lung cancer cells
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Figure 1 Linc00467 was up-regulated in lung adenocarcinoma tissues and cell lines. (A) Linc00467 mRNA levels in lung adenocarcinoma tissues and normal lung tissues.

Data were obtained from the TCGA database. (B) Kaplan–Meier plots of overall survival of lung adenocarcinoma patients, stratified by linc00467 expression. Data were
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Abbreviation: TCGA, The Cancer Genome Altas.
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(Figure 5A). Also, miR-20b-5p levels in lung cancer tissues

were negatively correlated with linc00467 levels

(Figure 5B). Then, we transfected A549 and H1299 cells

with miR-20b-5p mimics and found that CCND1 protein

levels were decreased compared with cells transfected with

miR-NC (Figure 5C and D). Moreover, we generated luci-

ferase reporter gene vectors containing wt or mutant (mut)

miR-20b-5p binding sites in linc00467 gene or CCND1 3ʹ-

UTR region. Dual luciferase reporter assay results sug-

gested that miR-20b-5p mimics inhibited luciferase activ-

ities of wt linc00467 and CCND1 3ʹ-UTR vectors but not

the mutant vectors (Figure 5E and F). These results demon-

strated that linc00467 promoted CCND1 expression via

sponging miR-20b-5p in lung cancer cells.
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Figure 4 Linc00467 knockdown inhibited tumor growth in vivo. (A) Tumor weight of xenograft tumors developed from NC control and linc00467 knockdown A549 cells.

**p<0.01. Scale bar =1 cm. (B) Tumor volume of xenograft tumors developed from NC and linc00467 knockdown A549 cells on indicated days. **p<0.01. (C) Western blot

analysis of CCND1 and pRB levels in xenograft tumors developed from NC control and linc00467 knockdown A549 cells. GAPDH was used as loading control. (D)

Immunohistochemical staining of CCND1 in xenograft tumors from NC and si-linc00467 group mice.

Abbreviation: NC, negative control.
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Figure 5 Linc00467 acted as a sponge of miR-20b-5p in lung cancer cells. (A) Real-time PCR analysis of miR-20b-5p levels in H1299 and A549 cells transfected with NC-

siRNA or siRNA to linc00467. **p<0.01. (B) Pearson correlation scatter plot of miR-20b-5p levels and linc00467 levels in human adenocarcinoma tissues. (C, D) Western

blot analysis of CCND1 levels in H1299 (C) and A549 (D) cells transfected with miR-NC and miR-20b-5p mimics. GAPDH was used as loading control. (E, F) Luciferase
reporter gene analysis of the effect of miR-20b-5p on wild type and mutant reporter vectors containing linc00467 and CCND1 3ʹUTR binding sites. **p<0.01.
Abbreviations: NC, negative control; siRNA, small interfering RNA.
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Discussion
Lung cancer is a leading cause of cancer death all over the

world. It is very important to develop new biomarkers and

therapeutic targets for lung cancer. lncRNAs are a type of

non-protein coding RNAs longer than 200nt nucleotides.

In recent years, increasing studies have demonstrated the

functional roles of lncRNAs in human physiological and

pathological processes.17 It has been proved that dysregu-

lated lncRNAs are essential for initiation and progression

in human cancers. For instance, it was reported that

lncRNA AB074169 expression was downregulated in

papillary thyroid carcinoma and its overexpression led to

cell cycle arrest and tumor growth inhibition through pro-

moting p21 expression in papillary thyroid carcinoma

cells.18 A highly conserved lncRNA, metastasis-associated

lung adenocarcinoma transcript 1 (MALAT1) was reported

to be involved in lung cancer metastasis and could serve as

a biomarker for lung cancer development. Moreover, small

molecules targeting MALAT1 had shown promising antic-

ancer effects in vivo.19 In this research, we found that

linc00467 expression was up-regulated in LUAD and

was correlated with overall survival of LUAD patients.

We proved that linc00467 promoted lung cancer prolifera-

tion in vitro and in vivo. These results indicated that

linc00467 might be a potential biomarker and therapeutic

target for lung cancer.

CCND1 is a major regulator of cell cycle G0/G1 check-

point and is essential for downstream Rb phosphorylation

and E2F transcription factor family activation. There are

many studies have demonstrated that CCND1 expression

was overexpressed in many human cancers like lung can-

cer, breast cancer, and melanoma.20–22 It is important to

explore potential signaling pathways in CCND1 regulation

in human cancers. Here, we elucidated a novel role of

linc00467 in CCND1 regulation which might help us to

understand the function of lncRNAs in lung cancer cell

cycle regulation.

A previous study reported that linc00467 promoted

neuroblastoma cell survival.23 However, the underlying

molecular mechanism of linc00467 in human cancer was

still unclear. ceRNA is one of the major lncRNA-related

regulatory mechanisms. Therefore, we predicted linc00467

interacting with miRNA using bioinformatics analysis. We

found that miR-20b-5p could bind to linc00467 as well as

CCND1 3ʹ-UTR region and luciferase reporter gene assay

confirmed our hypothesis. MiR-20b-5p expression was up-

regulated in linc00467 knockdown lung cancer cells and

its expressions in lung cancer tissues were negatively

correlated with linc00467 levels. In addition, miR-20b-5p

mimics transfection inhibited CCND1 expression in the

lung cancer cell. Hence, it might be explained that

linc00467 promoted CCND1 expression via acting as a

sponge for miR-20b-5p in lung cancer cells. The function

of miR-20b-5p in lung cancer progression is still uncertain

so far. Our study indicated that miR-20b-5p might act as a

tumor suppressor gene in lung cancer progression and

further research is required.

Conclusion
In summary, our study revealed a linc00467/miR-20b-5p/

CCND1 signaling pathway in lung cancer progression.

Linc00467 was overexpressed in lung cancers and pro-

moted lung cancer cell growth and metastasis in vitro

and in vivo. Mechanistically, linc00467 activated

CCND1 expression through interacting with miR-20b-5p

in lung cancer cells. Our study demonstrated that

linc00467 might be a potential biomarker and therapeutic

target in lung cancer treatment.
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