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Down-Regulation of TMPO-AS1 Induces
Apoptosis in Lung Carcinoma Cells by
Regulating miR-143-3p/CDK1 Axis

Qiu Li, MA1 , Yuan Bian, BA1, and Qiaolian Li, BA1

Abstract
Evidence has shown that long non-coding RNAs (lncRNA) play pivotal roles in cancer promotion as well as suppression. But the
molecular mechanism of lncRNA TMPO antisense transcript 1 (TMPO-AS1) in lung cancer (LC) remains unclear. This study
mainly investigated the effect of TMPO-AS1 in LC treatment. TMPO-AS1 was tested by Kaplan-Meier method. Quantitative real
time polymerase chain reaction (qRT-PCR) was employed to assess the expressions of TMPO-AS1, miR-143-3p, and CDK1
respectively in LC tissues and cell lines. TMPO-AS1, miR-143-3p and CDK1 expressions in LC cells were regulated through cell
transfection, followed by MTT for cell viability detection. Besides, dual-luciferase reporter assays were performed to verify the
interrelated microRNA of TMPO-AS1 and the target of miR-143-3p. Western blot experiments were used to examine the
expressions of apoptosis-related proteins, and flow cytometry tested the cell apoptosis in treated cells. TMPO-AS1 and CDK1
were overexpressed in LC tissues and cells, while miR-143-3p level was suppressed. The decrease of TMPO-AS1 led to the
increase of miR-143-3p, which further resulted in the reduction of CDK1. Down-regulating TMPO-AS1 reduced LC cell viability,
motivated cell apoptosis, as well as promoted the expressions of Bcl and CCND1 and restrained Caspase-3 level, but all these
consequences were abrogated by miR-143-3p inhibitor. Simultaneously, siCDK1 could reverse the anti-apoptosis and pro-activity
functions of miR-143-3p inhibitor in LC cells. Down-regulation of TMPO-AS1 has the effects of pro-apoptosis in LC by manip-
ulating miR-143-3p/CDK1, which is hopeful to be a novel therapy for LC patients.
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Introduction

Lung cancer (LC) is still a form of cancer with high morbidity

and mortality throughout the world, especially prevalent in

most developed countries.1,2 Statistics has shown that in Amer-

ica 158,040 people died of lung cancer in 2015, which equaled

to more than one quarter of all cancer-related deaths.3 Small-

cell carcinoma (SCLC) and non-small-cell carcinoma

(NSCLC) are 2 main subtypes of lung cancer classified by

histopathology and clinical therapy.3-5 Between them, NSCLC

accounts for the majority of all the cases and can be histologi-

cally further categorized into lung adenocarcinoma (LUAD)

and lung squamous carcinoma (LUSC).6,7 Surgical resection,

medication and radiation were the remedies most commonly

used for LC, but the curative effects of improving survivals

remain controversial.8 Thus, exploring new therapies of LC

is of practical significance for LC patients.

Non-coding RNAs (ncRNA) are kinds of transcribed

genomes that do not encode proteins,9 among which long

non-coding RNAs (lncRNA) show great universality and

functional multiplicity.9,10 Commonly, ncRNAs with more

than 200 nt in length are defined as lncRNA, but Amaral

et al.11 suggested that lncRNA should be initial or joint tran-

scripts, differentiating from current-known other sorts of

ncRNAs. Literature has shown that lncRNA does function in

human cancers,12 for instance, TMPO antisense RNA 1

(TMPO-AS1) gene was found in chromosome 12, and it has

been verified to promotes Prostate cancer (PCa) by inhibiting

cell apoptosis, as well as motivating cell proliferation,
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migration and cycle process in PCa cells.13 Another class of

ncRNAs is called microRNAs (miRNA), which interacts with

lncRNA14 and also matters in human cancers.12 On the basis of

current data, miR-143 locates on chromosome 5q32, decreas-

ing in a large amount of tumors, such as ovarian cancer, breast

cancer, colorectal cancer and so on.15-17 Evidence has shown

the inhibitory effect of miR-143 works through pathway G1-S

transition,18 with cyclin-dependent kinase 1 (CDK1) a regula-

tory factor in the process of cell cycle.19

TMPO-AS1 promotes the proliferation and viability of

estrogen receptor (ER)-positive breast cancer cells in vitro and

in vivo.20 Besides, little research has been done on TMPO-

AS1, not to mention its potential effect in LC. Long noncoding

RNA TMPO-AS1 promotes progression of non-small cell lung

cancer through regulating its natural antisense transcript

TMPO.21 However, the molecular mechanisms of miR-143-

3p and CDK1 remain unclear in LC cells. Here, we set out to

study the potential therapeutic effects of TMPO-AS1 in LC

cells and its underlying working mechanisms. If the hypothesis

were to hold, molecular-biological approaches are hopefully

benefit large amounts of LC patients.

Materials and Methods

Clinical Specimen Collection

LC tissues were obtained from 50 numbers of patients includ-

ing 27 males and 23 females with a median age of 60, who were

diagnosed with the disease in Zhuji Affiliated Hospital of

Shaoxing University from May, 2017 to May, 2018. Each

group of specimens included cancerous tissue and correspond-

ing adjacent normal lung tissue (5 cm from the margin of the

tumor). All the patients did not undergo radiotherapy or che-

motherapy before surgery. They had signed informed consent,

and agreed that their tissues would be used for clinical research.

The clinical trial program had been reviewed and approved by

the Ethics Committee of Zhuji Affiliated Hospital of Shaoxing

University (approval no.: AS20170245834). All patients pro-

vided written informed consent prior to enrollment in the study.

Data Source

Through starBase v3.0 project, the data of TMPO-AS1 and

miR-143-3p expression in LUAD samples, LUSC samples and

normal samples were collected and compared. Besides, the

predictive target gene miR-143-3p and target protein CDK1

were locked on respectively by starBase v3.0 as well as Tar-

getScan7.2 (http://www.targetscan.org/vert_72/).

Cell Culture

Human bronchial epithelial cell line 16HBE and 4 LC cell lines

(H1299, A549, 95D, H125) were purchased from Cell Bank of

the Chinese Academy of Sciences (Shanghai, China). All cells

were maintained in RPMI-1640 medium (Gibco, Rockville,

MO), containing 10% fetal bovine serum (FBS, Gibco, USA),

100 units/ml penicillin (TargetMol, Boston, UK) and 100 mg/ml

streptomycin (TargetMol, Boston, UK). The cell culture pro-

cess took place in a humid incubator at 37�C with 5% CO2.

After 24 h cells in logarithmic phase could be harvested for

further experiment.

Cell Transfection

Modified plasmids siTMPO-AS1, siCDK1, and miR-143-3p

inhibitor were commercially structured by BlueGene Biotech

(http://www.elisakit.cc, Shanghai, China), and scrambled

sequence was used as negative control (NC). Cultured cells

H1299 and A549 were transfected with TMPO-AS1 small

interfering RNA (siTMPO-AS1, sense: 5’-UUUAAACUGCG

UUUCUACCUC-3’; antisense: 5’-GGUAGAAACGCAGU

UUAAAAG-3’) or siNC, miR-143-3p inhibitor or inhibitor

control, miR-143-3p mimics or mimics control, siTMPO-AS1

plus miR-143-3p inhibitor or inhibitor control, siCDK1 (sense:

5’-UAUUUUGGUAUAAUCUUCCAU-3’; antisense: 5’-GGA

AGAUUAUACCAAAAUAGA -3’) or siNC, miR-143-3p

inhibitor plus siNC or siCDK1, as well as by adding 0.15 mL

of 15 times diluted transfection reagent Invitrogen Lipofecta-

mine 3000 (Thermo Fisher Scientific, Massachusetts, US), fol-

lowed by the measurement of transfection efficiency through

quantitative real-time polymerase chain reaction (qRT-PCR).

Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR)

Total RNAs were extracted from LC tissues and cells with

TRIzol Reagent (Thermo Fisher Scientific, Massachusetts,

US), RNAs of nuclear and cytoplasm were isolated by Cyto-

plasmic and Nuclear RNA Purification Kit (Norgen, Thorold,

ON, Canada). Then the concentration was tested by UV spec-

trophotometer DR3900 (HACH, NY, US) at a wavelength of

280 nm. By using TaqMan microRNA reverse transcription kit

(Thermo Fisher Scientific, Massachusetts, US), reverse tran-

scription was performed and the first-strand cDNA was synthe-

sized. Then qRT-PCR was operated with BlazeTaq™ SYBR

Green qRT-PCR Mix (BioCat, Heidelberg, Germany) in PCR

machine CFX96 Touch (Bio-Rad, California, US) under fol-

lowing conditions: 2 minutes at 95�C, 45 cycles for 5 seconds

at 94�C and 40 seconds at 60�C. Then the comparative cycle

threshold (CT) method (2�DDCT) was used to calculate the

relative expression of each mRNA.22

The specific primers were as follows: TMPO-AS1: 5’-AGC

CAGACCTCTACAATCGG-3’ (forward) and 5’-TTAG

GATTCTTGCGGGTGGT-3’ (reverse); hsa-miR-143-3p:

5’-TGAGATGAAGCACTGTAGCTC-3’ (forward) and

5’-GAGCTACAGTGCTTCATCTCA-3’ (reverse); CDK1:

5’-TGGGGTCAGCTCGTTACTCA-3’ (forward) and 5’-CA

CTTCTGGCCACACTTCATTTA-3’ (reverse); U6: 5’-CTCG

CTTCGGCAGCACA-3’ (forward) and 5’-AACGCTTCACG

AATTTGCGT-3’ (reverse), GAPDH: 5’-CCTGCACCACC

AACTGCTTA-3’ (forward) and 5’-GGCCATCCACAGTC

TTCTGAG-3’ (reverse),23 among which GAPDH and U6 were

performed as internal reference control.

2 Technology in Cancer Research & Treatment

http://www.targetscan.org/vert_72/
http://www.elisakit.cc


Dual-Luciferase Reporter Assay

Partial sequences of the TMPO-AS1 and CDK1 3’ UTR con-

taining putative pairing bases with miR-143-3p were inserted

in the upstream of luciferase-coding sequence by pMIR-

REPORT Luciferase vector (BioVecor, Beijing, China). Syn-

thetic plasmids were integrated with miRNA-coupling sites by

using the GeneArt Site-Directed Mutagenesis System (Thermo

Fisher Scientific, Massachusetts, US). Next, miR-143-3p

mimic, wild-type and mutant-type of TMPO-AS1 or CDK1

(TMPO-AS1-WT, TMPO-AS1-MUT, CDK1-WT and CDK1-

MUT) commercially constructed by BlueGene Biotech (http://

www.elisakit.cc, Shanghai, China) was transfected into LC

cells, together with miR-143-3p inhibitors or miR-143-3p

mimics. When cells lysed after 24 h, the relative luciferase

activity was measured in the Dual-Luciferase Reporter Assay

System (Promega, Madison, US).

MTT Assay

MTT assay was performed to monitor cell growth and cell

viability at different time. After H1299 and A549 cells were

cultured and transfected with siNC, siTMPO-AS1, siTMPO-

AS1plus miR-143-3p inhibitor and siTMPO-AS1 plus inhibitor

control respectively, 10 mL of MTT solution (5 mg/ml, SIGMA,

Saint Louis, US) was added to each well at 24 h, 48 h and 72 h

after transfection. Another set of experiments were performed by

transfecting miR-143-3p inhibitor, inhibitor control, siNC plus

inhibitor or siCDK1 plus inhibitor into LC cells, but MTT solu-

tion was added at 48 h after transfection only. Then cells were

incubated at 37�C with 5% CO2 for another 4 h. Next, MTT

solution was removed followed by adding 150 mL of dimethyl

sulphoxide (DMSO, SIGMA, Saint Louis, US) to each well.

Optical density (OD) was recorded at a wavelength of 570 nm

in a microplate reader (Bio-Rad, California, US).

Flow Cytometry Analysis

H1299 and A549 cellular apoptosis was measured with Flow

cytometry method by using Annexin V-FITC Apoptosis Detec-

tion Kit (SIGMA-ALDRICH, Cambridge, UK) in accordance

with the specification. After transfection for 48 h at 37�C with

5% CO2, cells were rinsed with pre-cooled phosphate buffer

sodium (PBS, Thermo Fisher Scientific, Massachusetts, US)

and then re-suspended in buffer solution mixed with Annexin

V-FITC and 50 mg/ml propidium iodide (PI) at 37�C for 1 h

under light-proof conditions. The fluorescence was imaged and

analyzed in flow cytometer CytoFLEX (Beckman Coulter,

California, US).

Western Blot (WB) Assay

WB experiments were performed to detect the expression of

proteins in LC cells transfected with molecules siNC, siCDK1,

and siTMPO-AS1 with or without the combination of miR-

134-3p inhibitor. Total proteins were extracted from cells and

tissues with PIERCE RAPI Buffer (Thermo Fisher Scientific,

MMAS, US) for 30 minutes on ice, followed by centrifugation

with 14000rmp at 4�C for 10 minutes. Bicinchoninic Acid

(BCA) Protein Quantitative Kit (SIGMA-ALDRICH, Cam-

bridge, UK) was used to detect protein concentration according

to manufacturers’ instructions. Then protein samples was sepa-

rated with 10% sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE, Solarbio, Beijing, China) in a

boiling water bath for 3 minutes, after which transmembrane

was conducted on polyvinylidene fluoride (PVDF). Further,

5% non-fat dried milk was used to block the transferred mem-

brane for 1 h, and washed away with TBST. Next, membrane

was incubated under the coaction of primary antibodies plus

blocking buffer at 4�C overnight. Primary antibodies were

CDK1 (1:1000, ab18, Abcam, US), GAPDH (1:20000,

ab8245, Abcam, US), C caspase-3 (1:1000, ab2302, Abcam,

US), CCND1 (1:2000, ab16663, Abcam, US) and Bcl-2

(1:1000, ab5934, Abcam, US), among which GAPDH acted

as an internal reference. Though GAPDH might not be the best

internal reference, the molecular weight of which was close to

the target factors, it was commonly used and could be detected.

After 3 washes with PBST, another incubation was conducted

for 1 h with the secondary antibody Goat Anti-Mouse IgG H&L

(1:2000, ab150113, Abcam, USA) and Goat Anti-Rabbit IgG

H&L (1:1000, ab6702 Abcam, USA). Finally, FLoid™ Cell

Imaging Station (Thermo Fisher Scientific, Massachusetts,

US) was used to detect the specific protein brands after rinsing

with TBST for 3 times. When the molecular weight of GAPDH

was similar to target protein, the target protein and GAPDH

could be obtained one by one. After obtaining target protein,

the PVDF membrane was washed carefully, and primary anti-

body of GAPDH was incubated with membranes for 30 min at

room temperature, a night at 4�C, and 30 min at room tempera-

ture to obtain GAPDH bands. It might be a limitation using

GAPDH as a internal reference when the molecular weight of

GAPDH was similar to target protein, which should be paid

attention in future.

Statistical Analysis

Date from all experiments were analyzed by Statistical Product

and Service Solutions (SPSS, NDtimes, Beijing, China) and

expressed as the mean + standard (mean + SD). The student’s

t-test were used to compare differences between 2 groups,

while one-way analysis of variance (ANOVA) was used for

data comparisons among multiple groups. Overall survival was

assessed by the Kaplan-Meier method, and the log-rank test

was used for conspicuous long-term discrepancies. P-values

less than 0.05 were considered statistically significant.

Results

Up-Regulation of Survival-Related TMPO-AS1 and Down-
Regulation of miR-143-3p in LC Tissues and LC Cells

According to analysis result of starBase, the expression level of

TMPO-AS1 in LUAD and LUSC cancer samples both
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increased compared with normal ones, whereas the hsa-miR-

143-3p expression oppositely decreased (P < 0.001; Figure

1A). Besides, through qRT-PCR assay (n ¼ 50) we compared

TMPO-AS1 and miR-143-3p expression levels in para-

carcinoma tissues and LC tissues, finding the up-regulation

of TMPO-AS1 and down-regulation of miR-143-3p in LC

ones (P < 0.05; Figure 1B and C). The Kaplan-Meier survival

curves indicated that patients with low TMPO-AS1 expres-

sion level (lower than that in corresponding adjacent normal

lung tissues) had higher survival rate than those with high

TMPO-AS1 expression level (higher than that in correspond-

ing adjacent normal lung tissues) (P < 0.001; Figure 1D).

QRT-PCR was also performed to detect the content of

TMPO-AS1 and miR-143-3p in human bronchial epithelial

cell lines 16HBE and 4 LC cell lines H1299, A549, 95D and

H125. TMPO-AS1 expression level increased while miR-143-

3p decreased in all LC cell lines (P < 0.05; Figure 1E and F),

among which H1299 and A549 cell lines were selected to be

representatives of LUAD and LUSC due to greatest expres-

sion differences.

Down-Regulation of TMPO-AS1 Promoted miR-143-3p
Expression

Putative coupling locus of miR-143-3p on TMPO-AS1 was

predicted through starBase v3.0 (Figure 2A). Further, dual-

luciferase reporter assays were used for preliminary verifica-

tion conjecture. Compared with control groups, relative

luciferase activity of LC cells significantly increased under the

action of TMPO-AS1-WT combined with miR-143-3p inhibi-

tor, which was reserved by miR-143-3p mimic (P < 0.05; Fig-

ure 2B and C). Through qRT-PCR assay, expression levels of

certain mRNA were measured and comparatively analyzed in

subcellular fractions of LC cells. TMPO-AS1 expression in

cytoplasm was much higher than that in nuclear (P < 0.001;

Figure 2D and E). In addition, miR-143-3p expression level

Figure 1. Survival-related TMPO-AS1 was up-regulated in LC tissues and LC cells, together with the down-regulation of miR-143-3p. (A) Box-

plots showed the up-regulation of TMPO-AS1 and down-regulation of hsa-miR-143-3p levels in LUAD and LUSC samples. (B, C) TMPO-AS1

and miR-143-3p expression levels in 50 pairs of LC tissues were compared with adjacent normal tissues through qantitative real-time poly-

merase chain reaction (qRT-PCR) assay. (D) Kaplan-Meier method and log-rank test were used to test how TMPO-AS1 expression level

affected survival rate among LC patients. Low: TMPO-AS1 expression in cancer tissue was lower than that in corresponding adjacent normal

lung tissues; High: TMPO-AS1 expression in cancer tissue was higher than that in corresponding adjacent normal lung tissues. (E, F) TMPO-

AS1 and miR-143-3p expression levels in human bronchial epithelial cells (16HBE) and LC cell lines (H1299, A549, 95D, and H125) were

tested through qRT-PCR. **P < 0.001 vs. normal, #P < 0.05 and ##P < 0.001 vs. 16HBE, n ¼ 3.
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remarkably improved after transfecting siTMPO-AS1 into

LC cells (P < 0.001; Figure 2F and G). Nevertheless,

TMPO-AS1 expression remained unchanging in miR-143-

3p inhibitor transfected LC cells (Figure 2H and I), which

implied that TMPO-AS1 might be the upstream regulator of

miR-143-3p.

Down–Regulation of TMPO-AS1 in LC Cells Restrained
Cell Viability and Motivated Apoptosis by Targeting miR-
143-3p

By performing qRT-PCR assay, siTMPO-AS1 was proved to

have the function of reducing the TMPO-AS1 expression in LC

cells (P < 0.001; Figure 3A and B). It might be a limitation not

showing the role of microRNA inhibitor on 16HBE cells, as the

focus was on lung carcinoma cells. MTT assay clearly showed

that siTMPO-AS1 decreased the LC cell viability by contrast

with siNC, whereas miR-143-3p inhibitor dramatically

reversed the inhibitory effect of siTMPO-AS1 (P < 0.05; Fig-

ure 3C and D). LC cells apoptosis then was detected through

flow cytometry assay. SiTMPO-AS1 significantly promoted

apoptosis, while miR-143-3p inhibitor protected cells form

apoptosis (P < 0.001; Figure 3E-G). As the cells were in early

apoptosis stage, the data of PI-positive cells were little.

Proteins levels that related to apoptosis were assayed using

WB method. Experiment phenomena demonstrated that

siTMPO-AS1 down-regulated Bcl-2 and CCND1 contents, but

up-regulated cleaved caspase3 expression. On the contrary,

miR-143-3p inhibitor abrogated the function of siTMPO-AS1

to a large extent (P < 0.05; Figure 3H-J).

Carcinogenic Gene CDK1 in LC Cells Was Regulated by
miR-143-3p and TMPO-AS1

Coactive base sequences of hsa-miR-143-3p and position

281-288 of CDK1 3’ UTR were predicted by TargetScan

7.2 (Figure 4A). Dual-luciferase reporter assays manifested

that relative luciferase activity of LC cells was enhanced by

miR-143-3p inhibitor in company with CDK1-WT, yet wea-

kened by miR-143-3p mimic in comparison with CDK1-MUT

and mimic control groups (P < 0.001; Figure 4B and C).

Besides, CDK1 expression was measured by using qRT-

PCR and WB assays. Consequently, CDK1 was reduced by

siTMPO-AS1, but largely promoted under the coaction of

siTMPO-AS1 and miR-143-3p inhibitor (P < 0.05; Figure

5A-E). Other qRT-PCR assays were performed for the detec-

tion of CDK1 expression in LC tissues and adjacent normal

tissues. Not surprisingly, CDK1 expression level was much

higher in LC tissues than that of normal ones (P < 0.001; Figure

5F).

Figure 2. miR-143-3p was the target of TMPO-AS1. (A) Putative binding site of miR-143-3p on TMPO-AS1 was predicted by starBase v3.0.

(B, C) Dual-luciferase reporter assays were performed to detect the H1299 cells and A549 cells co-transfected with wild-type TMPO-AS1

(TMPO-AS1-WT) or mutant-type TMPO-AS1 (TMPO-AS1-MUT), as well as miR-143-p inhibitor, miR-143-3p inhibitor control, miR-143-3p

mimic, or miR-143-3p mimic control. (D, E) In LC cells, qantitative real-time polymerase chain reaction (qRT-PCR) assays were used to

measure the expressions of GAPDH, U6 and TMPO-AS1 in nuclear and in cytoplasm respectively. (F, G) LC cells were transfected with siNC,

siTMPO-AS1, (H, I) miR-143-3p inhibitor or miR-143-3p inhibitor control, followed by the respective detection of genetic expression for

miR-143-3p and TMPO-AS1 through qRT-PCR. *P < 0.05 vs. inhibitor control, ^^P < 0.001 vs. mimic control, ##P < 0.001 vs. cytoplasm,
44P < 0.001 vs. siNC, n ¼ 3.
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MiR-143-3p Inhibitor Plays an Anti-Apoptotic Role by
Targeting CDK1

In order to test whether miR-143-3p had regulatory effect

on CDK1 in LC, qRT-PCR and WB were performed again.

Overall analysis of experimental data showed that CDK1

was remarkably inhibited by siCDK1 alone (P < 0.001;

Figure 6A-E). OD values of LC cells transfected with dif-

ferent plasmids were compared through MTT assay. In Fig-

ure 6F and G, LC cells’ activity was elevated by miR-143-

3p inhibitor (P < 0.05). However, the combination of

siCDK1 and miR-143-3p inhibitor led to a reversion. Fur-

ther, flow cytometry contributed to apoptosis detection.

Without interference, miR-143-3p inhibitor decreased apop-

tosis in LC cells. But synergy of siCDK1 and miR-143-3p

inhibitor significantly promoted apoptosis (P < 0.05; Figure

6H-J).

Discussion

The study of lncRNA has been going on for a long time cov-

ering a large variety of species, and researchers endeavor to

make a breakthrough in diseases treatment by probing into the

loci of these transcriptome.10,11 Evidence has shown that

lncRNAs play important roles in the progression of cancer and

tumor,12 involving LC.24 LncRNA SNHG1 overexpression

inhibits the NSCLC cells apoptosis both in vitro and in vivo

by inhibiting miR-101-3p and activating Wnt/b-catenin signal-

ing pathway, which highlights the carcinogenic effect of

SNHG1.25 Besides, aberrant up-regulation of UCA1 also

Figure 3. TMPO-AS1 silencing in LC cells regulated cell viability and cell apoptosis, which could be reversed by miR-143-3p inhibitor. (A, B)

TMPO-AS1 expression levels were assayed through qantitative real-time polymerase chain reaction (qRT-PCR) assays in LC cells transfected

with siNC or siTMPO-AS1. After siNC, siTMPO-AS1, siTMPO-AS1 plus inhibitor, and siTMPO-AS1 plus inhibitor control were singly

transfected in LC cells, (C, D) cell viability was tested through MTT, (E, F, G) apoptosis capability was measured through flow cytometry,

(H, I, J) and apoptosis-related proteins were detected by western blot experiments. 44P < 0.001 vs. siNC, *P < 0.05 and **P < 0.001 vs.

siTMPO-AS1, #P < 0.05 and ##P < 0.001 vs. siTMPO-AS1þInhibitor control, n ¼ 3.
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subserves the proliferation and colony formation in NSCLC

tissues by sponging miR-193a-3p, indicating that UCA1 works

as an oncogene.26 Moreover, lncRNA FEZF1-AS1 can be a

tumor promoting regulator in NSCLC as well, enhancing

epithelial-mesenchymal transition (EMT) through suppression

of E-cadherin and regulation of WNT pathway.27 Over the

study period, we proved that lncRNA TMPO-AS1 was abnor-

mally expressed in LC tissues compared with adjacent normal

Figure 4. CDK1 was the target of miR-143-3p. (A) Position 281-288 of CDK1 3’ UTR was predicted as consequential pairing target region of

hsa-miR-143-3p by TargetScan 7.2. (B, C) LC cells transfected with wild-type CDK1 (CDK1-WT) or mutant-type CDK1 (CDK1-MUT),

together with inhibitor control, inhibitor, mimic control or mimic were then undergone dual-luciferase reporter assay. **P < 0.001 vs. inhibitor

control, ^^P < 0.001 vs. mimic control, n ¼ 3.

Figure 5. TMPO-AS1 affected gene expressions of CDK1, but the effects were abrogate by miR-143-3p. LC cells were transfected with siNC,

siTMPO-AS1, siTMPO-AS1 plus inhibitor control, or siTMPO-AS1 plus inhibitor, (A, B, C) followed by the measurement of apoptosis-related

protein through western blot, (D, E) and the detection of CDK1 expression level through qantitative real-time polymerase chain reaction

(qRT-PCR) assays. (F) CDK1 expression level was also tested through qRT-PCR in 50 pairs of LC and normal tissues respectively. 4P < 0.05

and 44P < 0.001 vs. siNC, **P < 0.001 vs. siTMPO-AS1, ##P < 0.001 vs. siTMPO-AS1þInhibitor control, zzP < 0.001 vs. normal, n ¼ 3.
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ones, and LC patients with TMPO-AS1 low-expression were

prone to live longer. Thus, TMPO-AS1 may function as an

oncogene in the procession LC.

In Paraskevopoulou, M.D. and A.G. Hatzigeorgiou’s study,

lncRNAs can work as sponges of miRNAs, reaching the pur-

pose of interference and regulation.14 Primarily, starBase v3.0

was used to predict the potential target miRNAs for TMPO-

AS1, and miR-143-3p was chosen for further investigation.

Scholars have studied the functions of miR-143-3p by now,

according to the literature, and verified that miR-143-3p is an

essential molecular factor in cancers. In colorectal cancer tis-

sues, miR-143-3p hindered cells proliferation, migration and

invasion by targeting ITGA6 and ASAP3.15 Further, miR-143-

3p acts as a suppressor gene in triple-negative breast cancer

(TNBC), inhibiting the multiplication and wound healing func-

tion of MDA-MB-231 TNBC cells.16 MiR-143-3p also has the

effect of anti-proliferation, anti-migration and ant-invasion in

ovarian cancer tissues by suppressing the expression of trans-

forming growth factor (TGF)-b-activated kinase 1 (TAK1).17

Currently, evidence indicated that miR-143-3p expression level

Figure 6. miR-143-3p inhibitor increased cell activity and decreased apoptosis rate in LC cells, which could be reversed by silencing CDK1. LC

cells were transfected with siNC or siCDK1, (A, B, C) then apoptotic proteins were measured through western blot assays, (D, E) followed by

testing CDK1 expression levels through qantitative real-time polymerase chain reaction (qRT-PCR) assays. Plasmids inhibitor control, inhibitor,

inhibitor plus siCDK1, or inhibitor plus siNC were respectively transfected into LC cells, (F, G) after which cell activity was assayed through

MTT, (H, I, J) while cell apoptosis was measured through flow cytometry. *P < 0.05 vs. inhibitor control, 44P < 0.001 vs. siNC, #P < 0.05 and
##P < 0.001 vs. inhibitor, ^P < 0.05 and ^^P < 0.001 vs. inhibitorþsiNC, n ¼ 3.
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is reduced in LC tissues,28 suggesting that miR-143-3p may

also be an oncogene in LC.

In our study, we found that TMPO-AS1 expression level

was abnormally higher in cancerous tissues than in adjacent

normal tissues. Intriguingly, miR-143-3p content appeared to

be totally opposite in the meantime. All the information indi-

cated that up-regulated TMPO-AS1 expression and down-

regulated miR-143-3p play important roles in the development

of LC. So there was good reason to hypothesize that the

regulatory effect of TMPO-AS1 in LC might be relevant to

miR-143-3p. Further experimental results suggested that the

suppression of TMPO-AS1 conduced to the up-regulation of

miR-143-3p. But miR-143-3p inhibitor didn’t hamper the

expression of TMPO-AS1 in LC cells, which indicating that

TMPO-AS1 may be an upstream regulatory molecule of miR-

143-3p. LncRNA were commonly reported regulating the

expression of microRNAs, though the main mechanism might

be not clear now. Besides, down-regulation of TMPO-AS1 was

assayed to be effective on proliferation inhibition as well as

apoptosis induction in LC cells, and miR-143-3p inhibitor can

reverse the function of siTMPO-AS1, which further explained

the regulatory relationship between TMPO-AS1 and miR-143-

3p in the development of LC. MTT assay was applied to detect

proliferation, and the expression of related marker CDK1 was

measured. It might be a limitation not performing other related

WB assay, which would be studied in future.

Different clusters of cyclin-dependent kinases (Cdks) regu-

late cell proliferation in different cell cycle stages, and a certain

amount of CDK1 is the prerequisite for coordinating cell cycle

transitions.29,30 Some experiments have demonstrated that

miRNAs were hopeful to curb cancer through the inhibition

of malignant proliferation. MiR-490-3p can be an effective

molecule in impeding ovarian epithelial carcinoma tumorigen-

esis and progression by targeting CDK1, which arrests G1-S or

G2-M and moderately reduces cell proliferation.31 In addition,

miR-181a hampered the expression of CyclinB1 and CyclinD1

in NSCLC cells, so as to significantly suppress the capacities of

cell proliferation.32 Consistent with these reports, we discov-

ered that CDK1 expression level in LC cells was much higher

than adjacent normal cells, with miR-143-3p expression strik-

ingly low. Thus, CDK1 was used as the target for miR-143-3p,

and its feasible coupling sequence was predicted by TargetS-

can7.2. The experimental results were encouraging. We dis-

covered that the decrease of TMPO-AS1 resulted in the

reduction of CDK1, but co-inhibition of TMPO-AS1 and

miR-143-3p significantly promoted CDK1 expression, demon-

strating CDK1 was a direct target of miR-143-3p. Through

MTT, qRT-PCR, WB and flow cytometry assays, it was further

proved that miR-143-3p hindered cell proliferation and moti-

vated cell apoptosis in LC tissues by targeting CDK1.

Conclusion

So far we have verified that lncRNA TMPO-AS1, miR-143-3p

and CDK1 play pivotal roles in LC procession, and this is the

only study to our knowledge to dig into the carcinogenic factors

of LC combining these 3 molecules. Down-regulation of

TMPO-AS1 and up-regulation of miR-143-3p both inhibit

LC cells multiplication and promote LC cells apoptosis, while

the decrease of TMPO-AS1 stimulates the increase of miR-

143-3p. Moreover, miR-143-3p takes effects by directly target-

ing CDK1. Thus, we concluded that down-regulation of

TMPO-AS1 inhibits induces apoptosis in LC cells by regulat-

ing miR-143-3p/CDK1 axis. The findings of this study are

hopeful to provide LC patients with novel and efficient treat-

ments from molecular perspectives.
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