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Background: Non-small cell lung cancer (NSCLC) is a common and fatal cancer world-

wide with a very low 5-year overall survival rate. Ribonucleotide reductase M2 subunit

(RRM2), a small subunit of the ribonucleotide reductase complex, has been found to be an

oncogenic role in a variety of tumors including NSCLC. However, the regulatory mechanism

of RRM2 in NSCLC is not clear. Increasing evidence suggests that non-coding RNAs

(ncRNAs) including miRNAs and lincRNAs may promote or inhibit tumor initiation and

development through regulating the expression of oncogenic genes. It is interesting to find

ncRNAs which play important role in regulating RRM2 expression.

Materials and methods: The expression levels of RRM2, LINC0066 and miR-143-3p in

NSCLC tumor tissues and cell lines were detected using qRT-PCR. The regulatory relation-

ships among RRM2, LINC0066 and miR-143-3p were predicted using database analysis and

verified by luciferase reporter assay and RIP analysis. The proliferation ability of NSCLC

cells was assessed using CCK8 and colony formation assays. The expression of related

proteins was determined by Western blot. In vivo effect of RRM2, LINC0066 and miR-143-

3p to NSCLC were detected through xenograft experiments.

Results: In this study, we found RRM2 was upregulated in NSCLC tumor and cell lines, and

the aberrant upregulation predicted a poor prognosis. Then, we predicted and confirmed that

RRM2 was negatively regulated by miR-143-3p. Further study implied that LINC00667

acted as a ceRNA by sponging miR-143-3p and regulated RRM2 expression indirectly.

Moreover, we found that the growth of NSCLC was regulated by LINC00667/miR-143-

3p/RRM2 signal pathway both in vitro and in vivo. LINC00667 and RRM2 promoted the

tumor growth while miR-143-3p inhibited it.

Conclusion: Our study revealed a LINC00667/miR-143-3p/RRM2 signal pathway that

played an important role in the progress of NSCLC, which might be potential therapeutic

targets for NSCLC.
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Introduction
Lung cancer which could be divided into small cell lung cancer (SCLC) and non-

small cell lung cancer (NSCLC) is the most common cancer worldwide.1,2 NSCLC

initiating from non-small cells of the lung accounts for approximately 85% of all

lung cancer cases.3 Although plenty of therapeutic strategies such as surgical

therapy, chemotherapy, radiotherapy have been used, the 5-year overall survival

rate is still lower than 20%.4 Therefore, the molecular mechanism in the occurrence
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and progression of NSCLC should be further explored for

developing novel therapeutic strategy.

Ribonucleotide reductase M2 subunit (RRM2), a small

subunit of the ribonucleotide reductase complex, is a rate-

limiting enzyme responsible for dNTP producing.5 The

expression of RRM2 is cell-cycle dependent and reaches

its highest level during S-phase.6 RRM2 acts as a onco-

genic role under pathological conditions and overex-

pressed RRM2 has been found in various cancers,

including gastric carcinoma, clear-cell renal cell carcinoma

and melanoma.7–9 In NSCLC, RRM2 upregulation was

associated with poor prognosis and low survival.10

Increasing evidences demonstrate that RRM2 could be a

novel target for cancer treatment. However, the regulatory

mechanism of RRM2 remains unclear.

Non-coding RNAs (ncRNAs) represent RNAmolecules

which are transcribed from genome but do not encode

proteins, including microRNAs (miRNAs), long non-cod-

ing RNAs (lincRNAs), circle RNA (circRNA) and so on.11

Although ncRNAs do not encode proteins, they can directly

or indirectly regulate gene expression at epigenetic, tran-

scriptional and post-transcriptional levels. MiRNAs, a

small endogenous ncRNA containing about 21–24 nucleo-

tides, can negatively regulate gene expression through tar-

geting the 3ʹ-untranslated region (UTR) of mRNAs.12

Several miRNAs such as miRNA-92a, miR-204, and

miRNA-455 have been reported to regulate NSCLC

carcinogenesis.13–15 LincRNAs, another kind of ncRNAs

containing about more than 200 nucleotides, participate in

various epigenetic regulatory processes.16 Recent studies

have raised a new regulatory theory that lincRNAs can act

as competing endogenous RNA (ceRNA) to regulate the

expression of miRNA targeted genes through sponging

miRNAs.17 Several lincRNA/miRNA/target gene signal

pathways have been reported in NSCLC. For example, Lu

et al revealed linc00673/miR-150-5p/ZEB1 regulated

NSCLC proliferation, migration, invasion and epithelial–

mesenchymal transition.18 Jia et al reported that lincRNA

MAFG-AS1/miR-339/MMP15 signal pathway regulated

NSCLC cells growth and metastasis.19

In this study, we found that RRM2 expression was

upregulated in NSCLC tumor tissue and cell lines which

predicted poor prognosis. RRM2 knockdown could signifi-

cantly inhibit the growth of NSCLC cell lines. The expres-

sion of RRM2 was negatively regulated by miR-143-3p.

Further study demonstrated that LINC00667 could act as a

ceRNA to modulate RRM2 expression via competitively

binding to miR-143-3p. Moreover, we confirmed that

LINC00667/miR-143-3p could affect the growth of

NSCLC cell lines through regulating the expression of

RRM2. Our study elaborated a new LINC00667/miR-143-

3p/RRM2 regulatory pathway in the progress of NSCLC,

providing a potential therapeutic target for NSCLC.

Materials And Methods
Tissue Specimens
NSCLC tumors were collected from 30 patients by surgical

resection in Luohe Central Hospital from April 2017 to

October 2018. The tumor mass was isolated from the center

and the surrounding lung tissue was isolated from adjacent

tissues. The fresh specimens were immediately frozen in

liquid nitrogen and stored at −80℃ prior to RNA extraction.

This study was approved by the Ethics Committee of Luohe

Central Hospital. Informed consents were signed by all

patients prior to participating in this study.

Histology
Partial tissue samples were fixed with 4% paraformaldehyde

for 2 days, followed dehydrated, embedded in paraffin, and

sliced. The slices were stained with hematoxylin and eosin

(H&E) and were viewed under the light microscope.

RT-qPCR Analysis
Total RNA was isolated from tissues or cells using TRNzol

(TianGen, Beijing, People’s Republic of China). For mRNAs

and lincRNA quantification, the reverse transcription was

performed using HiScript® II Reverse Transcriptase

(Vazyme, Nanjing, People’s Republic of China) in accor-

dance with manufacturer’s instructions. Quantitative real-

time PCR was performed using specific primers with

GAPDH as an internal control. For miRNA quantification,

reverse transcription was performed using miRNA First-

Stand cDNA Synthesis Kit (GeneCopoeia, Guangzhou,

People’s Republic of China) with specific primers for

miRNA-143-3p and U6. Primer sequences were provided

in Supplementary Table S1. Real-time PCR reactions were

performed on Applied Biosystems 7500 Real-time PCR

Systems (Thermo Fisher Scientific, USA). The primer

sequences were listed in Supplementary Table S1.

Cell Culture
Human bronchiolar epithelial cell line (BEAS-2B), four

human non-small-cell lung cancer cell lines (Calu-3,

SPCA-1, H1975, A549) were purchased from Chinese

Academy of Sciences. All cell lines were cultured in
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RPMI 1640 medium (Gibco, Carlsbad, CA, USA) supple-

mented with 10% fetal bovine serum at 37°C and 1%

penicillin/streptomycin in a humidified air with 5% CO2.

siRNA, miRNA And Plasmid DNA

Transfection
Negative control siRNA, siRNAs targeting RRM2 and

LINC00667, miRNA mimics and inhibitors were designed

and synthesized by Sangon Biotech (Shanghai, People’s

Republic of China). The siRNA sequences were listed in

Supplementary Table S1. sh-RNAs targeting RRM2 and

LINC00667, sh-NCs, sequences of LINC00667 cDNA

were constructed in pcDNA3.1 by GenePharma (Shanghai,

People’s Republic of China). The 3ʹUTR of RRM2 mRNA

and LINC00667 containing the wild-type sequence (WT) or

containing mutations in the putative miR-143-3p binding site

(Mut) were amplified and cloned into pmirGLO luciferase

vector (Promega, Madison, WI, USA), respectively. The

generated vectors were named as WT-RRM2-3′UTR or

MUT-RRM2-3′UTR, WT-LINC00667-pGLO or MUT-

LINC00667-pGLO. SPCA-1 and A549 cells were plated in

24-well culture plates at a concentration of 1×105 cells/well

for 24 hrs, then siRNAs, miRNA mimics or plasmid DNAs

were transfected with lipofectamine 2000 (Invitrogen, USA)

according to the manufacturer′s instruction. The sequences of

miRNA are listed in Supplementary Table S2.

Western Blot
Cells were collected and lysed with RIPA Lysis Buffer

(Beyotime Biotechnology, Beijing, People’s Republic of

China). Protein samples were separated on 8% SDS-PAGE

(sodium dodecyl sulfate-polyacrylamide gel electrophoresis)

and transferred to polyvinylidenedifluoride membrane

(Millipore, Billerica, USA) for 3 hrs with transfer buffer

(25 mM Tris, 192 mM glycine and 20% [v/v] methanol).

The membranes were blocked in 5% non-fat dry milk in TBS

with 0.1% Tween 20 for 1 hr at room temperature and

incubated with primary antibodies at 4°C overnight, includ-

ing RRM2 (1:1000, ab57653, Abcam), Cyclin A1 (1:1000,

ab53699, Abcam), Cyclin B1 (1:1000, ab72, Abcam), CDK2

(1:1000, ab32174, Abcam), p-AKT (1:2000, 4060, CST),

total-AKT (1:2000, 4691, CST), GAPDH (1:2000, 2118S,

CST), followed by incubation with an HRP-conjugated anti-

mouse or anti-rabbit secondary antibody separately. Finally,

the bands were imaged by Tanon 5200 using the BeyoECL

Moon (Beyotime Biotechnology, Beijing, People’s Republic

of China).

Cell Cytoplasm/Nucleus Fraction

Isolation
Isolation of nuclear and cytosolic RNA in SPCA-1 and

A549 cells was performed with the PARIS Kit (Thermo

Fisher Scientific, USA). U6 and GAPDH served as the

nuclear control and cytosolic control separately.

Cell Proliferation And Colony Formation

Assays
SPCA-1 and A549 cells were seeded in 24-well culture

plates at a concentration of 5×103 cells/well and trans-

fected with indicated plasmids and miRNA mimic for the

indicated time points. Cell proliferation analysis was per-

formed using the Cell Counting Kit-8 (CCK-8; Dojindo

Laboratories, Kumamoto, Japan) according to the manu-

facturer’s instructions. For colony-forming assays, cells

were transfected with indicated plasmids and miRNA

mimic and were seeded into 12-well plates (600 cells/

wells). Fourteen days later, colonies were fixed by 4%

paraformaldehyde and stained by 0.4% crystal violet solu-

tion. Pictures were obtained by a camera and number of

colonies (diameter >0.5 mm) was counted.

Dual-luciferase Reporter Assay
SPCA-1 and A549 cells were seeded in 24-well culture

plates for 24 hrs, followed by transfected with WT-

RRM2-3′UTR or MUT-RRM2-3′UTR, WT-LINC00667-

pGLO or MUT-LINC00667-pGLO reporter plasmids,

together with miR-143-3p or anti-miR-143-3p mimics.

Twenty-four hourslater, cells were lysed and the luciferase

activity was measured by the Dual-Luciferase Reporter

Assay System (Promega Corp, Madison, WI, USA).

RNA Immunoprecipitation (RIP)
RIP experiments were performed in SPCA-1 and A549

cells using Magna RIPTM RNA Binding Protein

Immunoprecipitation Kit (Millipore, Bedford, MA, USA).

Subsequently, RNA was isolation for the detection of

LINC00667 and miR-143-3p.

Xenograft Experiments In Vivo
Sequences of sh-RNA targeting LINC00667 (sh-

LINC00667), LINC00667 and miR-143-3p were sub-

cloned into the pLenti6/V5-D-TOPO vector (Invitrogen).

The nonsense sequences were also subcloned into the

pLenti6/V5-D-TOPO vector, and formed the control sh-

NC for sh- LINC00667, the control NC for LINC00667,
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the control Mock for miR-143-3p. Then, the constructed

Lenti-sh-HOTAIR vectors were transfected into A549

cells. A total of 1×107 transfected A549 cells were sub-

cutaneously injected into male BALB/c nude mice (6–7

weeks old, Beijing, People’s Republic of China). There

were two mice in our each group. Tumor volumes were

measured every 3 days. At 18 days after transplantation,

mice were sacrificed. Tumors were harvested, weighed,

photographed and frozen for RRM2, Cyclin A1, Cyclin

B1, CDK2 and p-AKT expression analysis. The experi-

mental procedures were performed following the

Guidelines for Care and Use of Laboratory Animal with

the approval of Ethics Committee of Luohe Central

Hospital.

Statistical Analysis
Statistical analysis was performed using SPSS 20.0 software

(SPSS, Chicago, IL, USA) with Student′s t-test and one-way

ANOVA to estimate the significant group differences. P

values <0.05 were considered significant. These data are

expressed as the mean ± SEM (standard error of mean).

Results
RRM2 Expression Is Upregulated In

NSCLC Tissues And Cell Lines
The expression of RRM2 in microarray database was ana-

lyzed by STARBASE. As shown in Figure 1A, RRM2

expression level in lung adenocarcinoma patients was

remarkably higher than normal controls. The TCGA

(Tumor Cancer Genome Atlas) database analysis demon-

strated that RRM2 expression was negatively associated

with overall survival of NSCLC patients (Figure 1B). We

collected the tumor issues from NSCLC patients and the

representative images of HE stain of cancer tissues and

adjacent tissues are shown in Figure 1C. The mRNA level

of RRM2 in cancer tissues and adjacent tissues from

NSCLC patients was examined using RT-qPCR analysis.

As shown in Figure 1D, the expression of RRM2 was

significantly higher in the tumor than atacand tissues. The

expression of RRM2 in 4 NSCLC cell lines was also higher

than control bronchial epithelial cell line BEAS-2B.

RRM2 Expression Is Negatively Regulated

By miR-143-3p
Using the miRNA targets prediction tool PITA, we predicted

the 3′UTR of RRM2 could be targeted by miR-143-3p

(Figure 2D). The expression of miR-143-3p in cancer tissues

and adjacent tissues from NSCLC patients was evaluated by

GEO2R analysis. The result demonstrated that miR-143-3p

level was lower in tumor than adjacent tissues (Figure 2A).

The expression of miR-143-3p in our collected cancer tissues

and adjacent tissues was determined by qRT-PCR, and the

tendency is consistent with the GEO2R analysis (Figure 2B).

The expression of miR-143-3p was also relatively lower in

NSCLC cell lines than control cell line (Figure 2C). To con-

firm that miR-143-3p could target the 3′UTR of RRM2, we

constructed RRM2 3′UTR wild type or mutated luciferase

plasmids (termed as WT-RRM2-3′UTR or MUT-RRM2-3′

UTR) in the pmirGLO dual-luciferase reporter vector (the

sequence information is shown in Figure 2D). We first eval-

uated the overexpression and inhibition effect of miR-143-3p

and anti-miR-143-3p mimics in both SPCA-1 and A549 cells,

and found that miR-143-3p transfection could significantly

improve the level of miR-143-3p while anti-miR-143-3p sig-

nificantly inhibited the expression of miR-143-3p (Figure 2E).

And then luciferase activity was evaluated after co-transfec-

tion of miRNA mimics and luciferase plasmids. As Figure 2F

and G shows, overexpression of miR-143-3p could reduce the

luciferase activity significantly when co-transfection of miR-

143-3p and WT-RRM2-3′UTR occurred while inhibition of

miR-143-3p significantly increases the luciferase activity

when co-transfection of anti-miR-143-3p and WT-RRM2-3′

UTR, but the effects were disappeared when miRNAs were

co-transfected with MUT-RRM2-3′UTR. We also determined

the expression of RRM2 after miR-143-3p and anti-miR-143-

3p mimics were transfected into cells. As Figure 2H and I

shows, miR-143-3p remarkably inhibited the expression of

RRM2 while anti-miR-143-3p had the opposite effect in the

mRNA and protein level.

LINC00667 Acted As A ceRNA By

Sponging miR-143-3p And Regulated

RRM2 Expression Indirectly
Recently raised ceRNA hypothesis revealed that lincRNA and

miRNA could be regulated by each other.17 To find the reg-

ulatory lincRNAs of miR-143-3p, we used the STARBASE

tool. The prediction results displayed the existence of recogni-

tion sites between miR-143-3p and LINC00667 (Figure 3E).

We detected the expression of LINC00667 in cancer tissues

and adjacent tissues from NSCLC patients. The results

revealed that LINC00667 level was higher in cancer tissues

compared with adjacent tissues (Figure 3A). The expression of

LINC00667 in 4 NSCLC cell lines was also higher than

control cell line BEAS-2B (Figure 3B). Additionally,
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LINC00667 mainly existed in the cytoplasm of SPCA-1 and

A549 cells (Figure 3C and D). To validate the association

between LINC00667 and miR-143-3p, we also constructed

LINC00667 recognition sites wild type or mutated luciferase

plasmids (termed as WT-LINC00667-pGLO or MUT-

LINC00667-pGLO) in the pmirGLO dual-luciferase reporter

vector (the sequence information is shown in Figure 3E), and

luciferase activity was evaluated after co-transfection of

miRNA mimics and luciferase plasmids. As Figure 3F and

G shows, miR-143-3p mimic significantly reduces the lucifer-

ase activity when co-transfected with WT-LINC00667-pGLO

while anti-miR-143-3p mimic had the opposite effect, but the

effects were absent when co-transfected with MUT-

LINC00667-pGLO plasmids. The overexpression of miR-

143-3p significantly reduces the level of LINC00667 in

SPCA-1 and A549 cells while inhibition of miR-143-3p had

the opposite effect (Figure 3H). We transfected SPCA-1 and

A549 cells with LINC00667 or shRNA plasmid to overex-

press or inhibit the expression of LINC00667, as the Figure 3I

shows, the expression of LINC00667 was indeedly overex-

pressed when transfected with LINC00667 plasmid and inhib-

ited when transfected with shRNA plasmid. However, the

expression of miR-143-3p was on the contrary (Figure 3J).

RIP analysis was performed to evaluate the enrichment degree

of LINC00667 and miR-143-3p by Ago2 antibody in SPCA-1

and A549 cells. The results further validated that association

between LINC00667 and miR-143-3p (Figure 3K and L). We

detected the mRNA and protein expression of RRM2 after

LINC00667 and miR-143-3p was transfected alone or

together. As Figure 3M and N shows, transfection with

LINC00667 alone significantly promoted the expression of

RRM2 while co-transfection with miR-143-3p inhibited it.

These data reveal that RRM2 expression is regulated by

LINC00667/miR-143-3p pathway.

Figure 1 RRM2 expression is upregulated in NSCLC tissues and cell lines. (A) Relative RRM2 expression level in lung adenocarcinoma patients (N = 526) was remarkably

higher than normal controls (N = 59). (B) The TCGA database demonstrated that RRM2 expression was associated with overall survival of NSCLC patients. (C)

Representative images of HE stain of cancer tissues and adjacent tissues from the NSCLC patients. (D) The mRNA level of RRM2 in cancer tissues and adjacent tissues from

NSCLC patients was examined using RT-qPCR analysis. *P<0.05 vs adjacent tissues. (E) The mRNA expression of RRM2 in 4 NSCLC cell lines and 1 human bronchial

epithelial cell line was determined by qRT-PCR, with the BEAS-2B cell line as control. *P<0.05 vs BEAS-2B.
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RRM2 Promotes The Growth Of NSCLC

Cells And Was Regulated By miR-143-3p

And LINC00667
We next evaluate the role of LINC00667/miR-143-3p/

RRM2 pathway in NSCLC cells′ growth. The expression

of RRM2 was significantly inhibited after sh-RRM2

plasmid was transfected into SPCA-1 and A549 cells, but

anti-miR-143-3p or LINC00667 co-transfection could res-

cue it (Figure 4A and B). The proliferation activity of

SPCA-1 and A549 cells were assessed by CCK8 assay

when RRM2 signal pathway was inhibited or rescued. As

Figure 4C and D shows, RRM2 knockdown significantly

Figure 2 RRM2 expression is negatively regulated by miR-143-3p. (A) GEO2R analysis was performed to evaluate the expression of miR-143-3p in cancer tissues and

adjacent tissues from NSCLC patients. *P<0.05 vs adjacent tissues. (B) The expression of miR-143-3p in cancer tissues and adjacent tissues from NSCLC patients was

determined by qRT-PCR. *P<0.05 vs adjacent tissues. (C) The expression of miR-143-3p in 4 NSCLC cell lines was determined by qRT-PCR with BEAS-2B as control.

*P<0.05 vs BEAS-2B. (D) PITA analysis indicated the predicted binding sites between miR-143-3p and RRM2, as well as the mutant sites in the mutant-RRM2 luciferase

vector. (E) The expression of miR-143-3p was determined by qRT-PCR after miR-143-3p and anti-miR-143-3p mimics were transfected into SPCA-1 and A549 cells. *P<0.05

vs Mock (mimics control). (F and G) Luciferase activity was determined by luciferase activity analysis in SPCA-1 and A549 cells transfected with WT-RRM2-3′UTR or MUT-

RRM2-3′UTR and miRNA mimics. *P<0.05 vs Mock (mimics control). (H) The mRNA expression of RRM2 was determined by qRT-PCR after miR-143-3p and anti-miR-143-

3p mimics were transfected into SPCA-1 and A549 cells. *P<0.05 vs Mock (mimics control). (I) The RRM2 expression was determined by Western blot after miR-143-3p

and anti-miR-143-3p mimics were transfected into SPCA-1 and A549 cells.
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Figure 3 miR-143-3p is regulated by LINC00667. (A) The expression of LINC00667 in cancer tissues and adjacent tissues from NSCLC patients was determined by qRT-PCR.

*P<0.05 vs adjacent tissues. (B) The expression of LINC00667 in 4 NSCLC cell lines and 1 human bronchial epithelial cell linewas determined by qRT-PCR. *P<0.05 vs BEAS-2B. (C
andD) Cellular location of LINC00667 in SPCA-1 and A549 cells. (E) Bioinformatic analysis indicated the predicted binding sites between LINC00667 and miR-143-3p, as well as

the mutant sites in the LINC00667-pGLO luciferase vector. (F andG) Luciferase activity was determined by luciferase activity analysis in SPCA-1 and A549 cells transfected with

WT-LINC00667-pGLO or MUT-LINC00667-pGLO and miRNAmimics. *P<0.05 vs Mock (mimics control). (H) The expression of LINC00667 was determined by qRT-PCR after

miR-143-3p and anti-miR-143-3p mimics were transfected into SPCA-1 and A549 cells. *P<0.05 vs Mock (mimics control). (I) The expression of LINC00667 was determined by

qRT-PCR after LINC00667 and sh-LINC00667were transfected into SPCA-1 and A549 cells. *P<0.05 vs pcDNA3.1. (J) The expression of miR-143-3p was determined by qRT-PCR

after LINC00667 and sh-LINC00667were transfected into SPCA-1 and A549 cells. *P<0.05 vs pcDNA3.1. (K and L) RIP analysis was performed to evaluate the enrichment degree

of LINC00667 and miR-143-3p by Ago2 antibody in SPCA-1 and A549 cells. *P<0.05 vs control IgG. (M andN) The mRNA and protein expression of RRM2was regulated by both

LINC00667 and miR-143-3p. *P<0.05 vs pcDNA3.1+Mock group; P<0.05 vs LINC00667 + miR-143-3p group.
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inhibits the growth of SPCA-1 and A549 cells while anti-

miR-143-3p or LINC00667 co-transfection partially res-

cues it. RRM2 knockdown also significantly reduces the

colony formation ability, and anti-miR-143-3p or

LINC00667 co-transfection partially recovered it

(Figure 4E and F). Progression of cell cycle is mediated

by a series of cyclin-dependent kinases (CDKs) and

cyclins. Cyclin A1 and Cyclin B1 can bind to CDK2 and

CDK1, respectively, and the formed complex plays an

important role in the G2-M phase transition of the cell

cycle.20 Overexpression of these genes has been found in

various malignant tumors including NSCLC.21–23 AKT is

an important signaling molecule involved in cellular sur-

vival pathways, and its overexpression is associated with

the development of NSCLC.24 The expression of prolif-

eration-related genes such as Cyclin A1, Cyclin B1 and

CDK2 was detected by RT-qPCR. The results reveal that

these genes were downregulated when RRM2 was

Figure 4 RRM2 promotes the growth of NSCLC cells and was regulated by miR-143-3p and LINC00667. (A and B) The mRNA expression of RRM2 was detected by RT-

qPCR when sh-NC, sh-RRM2, sh-RRM2+anti-miR-143-3p, sh-RRM2 + LINC00667 were transfected into SPCA-1 and A549 cells. *P<0.05 vs sh-NC. (C and D) The

proliferation activity of SPCA-1 and A549 cells was assessed by CCK8 assay when RRM2 signal pathway was inhibited or rescued. *P<0.05 vs sh-NC. (E and F) Colony
formation ability was evaluated in SPCA-1 and A549 cells when RRM2 signal pathway was inhibited or rescued. *P<0.05 vs sh-NC. (G and H) The expression of

proliferation-related genes such as Cyclin A1, Cyclin B1 and CDK2 was detected by RT-qPCR. *P<0.05 vs sh-NC.
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suppressed; however, their expression was rescued when

anti-miR-143-3p or LINC00667 was co-transfected. These

results indicate that LINC00667/miR-143-3p can affect the

growth of NSCLC cells through regulating the expression

of RRM2.

Attenuation Of LINC00667 Expression

Impaired Tumor Proliferation In Vivo
To explore the impact of LINC00667 on tumorigenesis of

NSCLC in vivo, SPCA-1 cells infected with lenti-sh-

HOTAIR or lenti-sh-NC were inoculated into the BALB/

c nude mice to construct xenograft model. Tumor volume

and weight was markedly decreased in LINC00667 knock-

down group when compared to Lenti-sh-NC control group

(Figure 5A and B). Representative images of resected

tumor masses in LINC00667 knockdown and Lenti-sh-

NC control groups are shown in Figure 5C. The expression

of RRM2 and proliferation-related genes was detected by

Western blot. As Figure 5D and E shows, LINC00667

knockdown significantly decreases the expression of

RRM2, proliferation-related genes such as Cyclin A1,

Cyclin B1, CDK2 and p-AKT were also significantly

downregulated. In order to further explore the effect of

miR-143-3p and the interaction between LINC00667 and

miR-143-3p in vivo, we also constructed xenograft models

using A549 cell lines with miR-143-3p solely overex-

pressed or both miR-143-3p and LINC00667 overex-

pressed. Representative images of resected tumor masses

in miR-143-3p overexpression alone or together with

LINC00667 and Mock+NC control groups are shown in

Figure 5G. Tumor weight was markedly decreased in miR-

143-3p overexpression group and the decline is reversed

when LINC00667 was overexpressed together (Figure 5I).

The expression levels of RRM2, Cyclin A1, Cyclin B1,

CDK2 and p-AKT were detected by Western blot. These

protumor genes were significantly inhibited when miR-

143-3p was overexpressed; however, the inhibited expres-

sion is reversed when LINC00667 was overexpressed

together. These results confirmed that LINC00667 knock-

down or miR-143-3p overexpression impaired tumor pro-

liferation in vivo.

Discussion
Since typically asymptomatic early stage, most of the lung

cancers are diagnosed at advanced stage, and the 5-year

survival rate for NSCLC remains poor.1 Although enor-

mous research efforts have been put into the carcinogenesis

and pathophysiology of NSCLC, effective treatment is still

very scarce. Although several targeted and immunotherapy

drugs such as angiogenesis inhibitors,25 PD-1 inhibitors

were available,26 most of them are only useful in treating

some certain types of NSCLC. It is urgent to develop novel

therapeutic strategies. ncRNAs extensively participate in

various biological processes including cancer. In the present

study, we confirmed that LINC00667/miR-143-3p/RRM2

signal pathway played an important role in the tumorigen-

esis of NSCLC. Firstly, we found that the expression of

RRM2was upregulated in NSCLC tumor and cell lines, and

the aberrant upregulation predicted a poor prognosis. Then,

we predicted and confirmed that RRM2 was regulated by

miR-143-3p, and miR-143-3p was regulated by

LINC00667. Therefore, in this study we revealed three

potential targets for developing new drugs including small

molecule inhibitors or nucleotide drugs such as siRNAs.

Uncontrolled proliferation of cancers depends on suffi-

cient dNTPs supply.5 As a key enzyme regulating dNTP

pool, increased RRM2 expression has been found in sev-

eral cancer types, including NSCLC, clear-cell renal cell

carcinoma, gastric adenocarcinoma, breast cancer and

melanoma.8–10,27,28 In the present study, we found the

expression of RRM2 in lung cancer was upregulated and

predicted a poor prognosis through analyzing microarray

databases. We also detected the expression of RRM2 in

cancer tissues of NSCLC patients and NSCLC cell lines

and found its expression was significantly upregulated.

These results further confirm the oncogenic role of

RRM2 in NSCLC.

Then, we predicted and confirmed that RRM2 was

regulated by miR-143-3p. Aberrant expression of miR-

143-3p has been reported in several cancers. For example,

Hou et al reported that miR-143-3p inhibits the tumorigen-

esis of human breast cancer cells by modulating the

expression of MAPK7.29 Ding et al found that miR-143-

3p can inhibit the development of colorectal cancer.30 Li

et al performed an integrative analysis of 32 miRNAs

between NSCLC tissue and non-cancerous lung tissue

and found miR-143-3p were downregulated more than

two folds in the NSCLC.31 The result of dual-luciferase

reporter assay further confirmed that miR-143-3p could

target the 3′UTR of RRM2. What is more, the expression

of RRM2 was suppressed when miR-143-3p was over-

expressed while miR-143-3p knockdown significantly

increased the expression of RRM2.

Emerging evidence reveals that lincRNAs can act as a

ceRNA to sponge miRNAs and then regulate the
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Figure 5 Attenuation of LINC00667 expression impaired tumor proliferation in vivo. (A) The workflow of in vivo experiments. (B and C) Tumor volume and weight was

markedly decreased in LINC00667 knockdown group when compared to Lenti-sh-NC control group. *P<0.05 vs sh-NC. (D) Representative images of resected tumor

masses in LINC00667 knockdown and Lenti-sh-NC control groups. (E and F) The expression levels of RRM2, Cyclin A1, Cyclin B1, CDK2 and p-AKTwere detected by

Western blot. *P<0.05 vs sh-NC. (G) Representative images of resected tumor masses in miR-143-3p overexpression alone or together with LINC00667 and Mock+NC

control groups. (H) Tumor weight was markedly decreased in miR-143-3p overexpression group and the decline is reversed when LINC00667 was overexpressed together.

*P<0.05 vs Mock+NC or miR-143-3p +NC. (I and J) The expression levels of RRM2, Cyclin A1, Cyclin B1, CDK2 and p-AKTwere detected by Western blot. *P<0.05 vs sh-

NC or miR-143-3p +NC.
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expression of the targets of miRNA. In this study,

LINC00667 was predicted and confirmed to be a ceRNA

of miR-143-3p. LINC00667 has been reported to be asso-

ciated with survival of small hepatocellular carcinoma

patients,32 but its role in NSCLC remains unclear.

Database analysis and RT-qPCR detection results demon-

strated that LINC00667 was highly expressed in cancer

tissues and NSCLC cell lines. The result of dual-luciferase

reporter assay further validated the association between

LINC00667 and miR-143-3p. Moreover, we found that

the expression of LINC00667 and miR-143-3p was antag-

onistic to each other in NSCLC cell lines. RIP analysis

further confirmed the association between the two

ncRNAs. The expression of RRM2 was regulated by

both LINC00667 and miR-143-3p, and all three molecules

synergistically control the growth of NSCLC cell lines. In

vivo experiments also discovered that LINC00667 knock-

down or miR-143-3p overexpression could decrease the

expression of RRM2 and proliferation-related genes,

therefore inhibiting the growth of tumor. Recently Zhou

Figure 6 Schematic plot showed LINC00667/miR-143-3p/RRM2 signal pathway played an important role in the progress of NSCLC.
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et al reported that LINC00667 was one of seven lincRNAs

involved in the progression of NSCLS, which is consistent

with our current findings.33

In conclusion, our study revealed the LINC00667/miR-

143-3p/RRM2 signal pathway which played an important

role in the progress of NSCLC. LINC00667 could act as a

ceRNA regulating the expression of RRM2 through spong-

ing miR-143-3p (Figure 6). Proper regulation of these mole-

cules could inhibit the growth of NSCLC both in vitro and

in vivo, indicating they might be potential therapeutic tar-

gets for NSCLC.
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