
Int J Clin Exp Pathol 2015;8(10):12400-12409
www.ijcep.com /ISSN:1936-2625/IJCEP0015045

Original Article
c-Myc-activated long non-coding RNA H19  
downregulates miR-107 and promotes cell  
cycle progression of non-small cell lung cancer

Jiandong Cui1*, Juanmei Mo1*, Min Luo1, Qitao Yu2, Shaozhang Zhou2, Tao Li1, Yu Zhang1, Weiling Luo1

1Department of Oncology, 303 Hospital of Chinese People’s Liberation Army, Nanning 530021, P.R. China; 
2Department of Chemotherapy, Affiliated Tumor Hospital of Guangxi Medical University, Nanning 530021, P.R. 
China. *Equal contributors.

Received August 25, 2015; Accepted September 25, 2015; Epub October 1, 2015; Published October 15, 2015

Abstract: To verify c-Myc can regulate the expression of lncRNA H19 directly in non-small cell lung cancer (NSCLC) 
and clarify the molecular mechanism on how lncRNA H19 promote the cell cycle progression of NSCLC. The mRNA 
levels of lncRNA H19 in NSCLC tissues and cells, the adjacent tissues and normal cells were determined by RT-PCR. 
The expression change of lncRNA H19 in NSCLC cells after transfection with pcDNA3.1-c-Myc or c-Myc-siRNA was 
determined by RT-PCR, respectively. Targeted role of c-Myc on the promoter of H19 was studied by luciferase report-
er assay. Chromosome immune coprecipitation (ChIP) was used to confirm the relationship between c-Myc and H19. 
MiRNAs that have base-pairing with H19 was predicted by online software. The relationship between H19 and miR-
107 was determined by disturbing and overexpressing the expression of H19. The influence of the changes of H19 
and miR-107 on cell cycle progression was determined by flow cytometry. The mRNA levels of lncRNA H19 in NSCLC 
tissues and cells were significantly higher than the adjacent tissues and normal cells, respectively. The expression 
of H19 increased or decreased accordingly with the overexpression and knockdown of c-Myc. The activity of the 
promoter of H19 was strengthened by c-Myc. While the expression of miR-107 increased or decreased with the 
overexpression and knockdown of H19, respectively. The number of cells in G2/M stage decreased significantly with 
the knockdown of H19 and miR-107 compared with the control group. Our study demonstrates that lncRNA H19, 
which is induced by c-Myc, is up-regulated in NSCLC. H19 influences the mitotic progression of NSCLC cell lines.
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Introduction

Non-small-cell lung cancer (NSCLC) is the lead-
ing cause of cancer death worldwide [1]. 
Patients with metastatic non-small-cell lung 
cancer have a substantial symptom burden 
and have a low survival rate following standard 
surgical treatment [2]. Previous studies showed 
the accumulated genomic damage can pro-
mote the progression of NSCLC [3]. However, 
the pathophysiological mechanism contribut-
ing to NSCLC is still largely unknown. Therefore, 
it is of urgent importance to understand the 
roles of novel molecules involved in this pro- 
cess.

Besides protein-coding mRNAs, eukaryotic 
transcriptomes include many long non-protein-

coding RNAs (lncRNAs) of unknown function 
that are transcribed away from protein-coding 
loci [4]. Long non-coding RNAs (lncRNAs) are 
emerging as new players in the cancer para-
digm demonstrating potential roles in both 
oncogenic and tumor suppressive pathways [5]. 
The human genome is replete with lncRNA, 
many of which are transcribed and likely to have 
a functional role [6]. In liver cancer (HULC), it is 
highly up-regulated and plays an important role 
in tumorigenesis [7]. Small noncoding microR-
NAs (miRNAs) can contribute to cancer deve- 
lopment and progression and are differentially 
expressed in normal tissues and cancers. 
Previous studies showed miRNAs can target a 
number of protein-coding genes, but few report 
whether miRNAs/lncRNAs can also target lnc- 
RNAs/miRNAs. In recent years, a competitive 
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RNA (ceRNA) hypothesis has been proposed 
and several studies have suggested the inter-
action between lncRNA and miRNA in cancer 
[8, 9]. LncRNAs can act as “miRNA sponge” and 
sequester miRNAs to inactivate these small 
regulatory RNAs.

LncRNA H19 is essential for human tumor 
growth and is up-regulated in hypoxic stress 
and in some tumors [10]. Zhuang et al. reported 
the lncRNA H19 was upregulated and play 
important roles in gastric cancer tumorigenesis 
[11]. Up-regulated lncRNA H19 contributes to 
the proliferation of gastric cancer cells [12]. 
Luo et al. reported lncRNA H19 can increases 
bladder cancer metastasis by associating with 
EZH2 and inhibiting E-cadherin expression [13]. 
MicroRNA-107 (miR-107) has been demon-
strated to regulate proliferation and apoptosis 
in many types of cancers. In gastric cancer, it 
can regulates tumor invasion and metastasis 
by targeting DICER1 [14]. In head and neck 
squamous cell carcinoma, microRNA-107 can 
function as a candidate tumor-suppressor gene 
by downregulating the expression of protein 
kinase C [15]. miRNA expression is controlled 
by cell-cycle-dependent transcription factors. 
c-myc is an inducible gene that is regulated by 
specific growth signals in a cell-cycle-depen-
dent manner. It is the prototype for oncogene 
activation by chromosomal translocation. In 
contrast to the tightly regulated expression of 
c-myc in normal cells, c-myc is frequently dereg-
ulated in human cancers [16]. Constitutive 
c-myc expression suppresses cell cycle arrest, 
promotes entry into S phase, and results in the 
growth factor-independent expression of orni-
thine decarboxylase [17].

In this study, we aimed to study the influence of 
lncRNA H19 on the cell cycle progression of 
NSCLC and the related molecular mechanism. 

Material and methods

Cell culture

Tumor tissues and adjacent tissues were 
obtained from 30 patients with NSCLC. NSCLC 
cell lines A549, L78, H460, and normal cell line 
16HBE were obtained from Shanghai Institutes 
for Biological Sciences, Chinese Academy of 
Sciences. The cells were routinely cultured in 
RPMI-1640 supplemented with 10% heat-inac-
tivated fetal bovine serum (FBS), 100 U/mL 
penicillin and 100 μg/mL streptomycin in a 

humidified cell incubator with an atmosphere of 
5% CO2 at 37°C. Cells growing at an exponen-
tial rate were used for the experiments.

RNA isolation and quantitative RT-PCR

To quantitatively determine the mRNA levels of 
lncRNA H19 in tumor tissues, adjacent tissues, 
NSCLC cell lines A549, L78, H460, and normal 
cell line 16HBE cell, qRT-PCR was used. The 
cells were seeded in a 6-well plate at concen-
tration of 1×105 cells per well and incubated in 
DMEM. 

For RNA isolation, total RNA was extracted and 
isolated from tissue samples or cell lines using 
either the mirVana miRNA isolation kit (Ambion, 
Austin, TX) or the TRIzol method. Trizol of 1 mL 
was added and the solution was mixed homo-
geneously for 10 min. The mixture was then 
transferred into Eppendorf tubes (EP, 1.5 mL) 
with 200 μL chloroform. After 15 min shake, 
the EP tubes were centrifuged at 4°C for 15 
min (12000×g). The supernate was transferred 
into other EP tubes and mixed with isopyknic 
isopropanol for 15 s. The centrifugation (4°C, 
10 min, 12000×g) was carried out again and 
the supernate was discarded. The precipitate 
was washed by 75% ethonal twice and dis-
solved into 30 μL diethypyrocarbonate (DEPC) 
after dried to obtain RNA stock solution. After 
isolation, the concentration of RNA was asse- 
ssed using a NanoDrop 1000 spectrophotom-
eter (NanoDrop Technologies, Wilmington, Dela- 
ware, USA) and the RAN solution was stored at 
-80°C for further use. 

For qRT-PCR, genes were amplified by specific 
oligonucleotide primer, and human glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) ge- 
ne was used as an endogenous control. The 
detection and quantification contained the fol-
lowing steps: first, reverse transcription was 
performed at 55°C for 30 min, initial activation 
for 15 min at 95°C, next 40 cycles of denatur-
ation were conducted at 94°C for 15 s, then 
annealing for 30 s at 55°C, extension for 30 s 
at 72°C. The expression level was normalized 
using U6 small nuclear RNA by the 2-ΔCt method. 
The ΔCt values were normalized to GAPDH 
level.

Transfection

RNA interference (RNAi) is an evolutionarily 
conserved surveillance mechanism that res- 
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ponds to double-stranded RNA by sequence-
specific silencing of homologous genes. To 
investigate the role of c-Myc on the expression 
of lncRNA H19, we used a RNAi-based strategy 
(c-Myc-siRNA) to specifically silence c-myc ex- 
pression and c-myc -overexpression lentiviral 
vector (pcDNA3.1-c-Myc) (Shanghai Cancer Ins- 
titute, China) to make the overexpression of 
c-Myc. siRNA specific for PVT1 (sense 5’-GCU- 
UGGAGGCUGAGGAGUUTT-3’ and antisense 5’- 
AACUCC UCAGCCUCCAAGCTT-3’) were synthe-
sized (Ribobio, Guangzhou, China). c-Myc-siR-
NA and pcDNA3.1-c-Myc transfection (50 
nmol/L) was performed in cultured NSCLC cells 
A549. Then, qRT-PCR was used to detect rela-
tive mRNA level. Cells were then treated with 
cisplatin. Colorimetric water-soluble tetrazoli-
um salt (CCK-8) assay using a Cell Counting 
Kit-8 (Dojindo) was used for cell viability detec-
tion and Annexin-V-FITC Apoptosis Detection 
Kit I (BD Pharmingen) was used for apoptosis 
analysis.

Luciferase reporter assays

Firefly and lung luciferase activities, as indicat-
ed by relative luminescence units (RLU) were 
determined using One-Glo or Dual-Glo lucifer-
ase assay kits (Promega) according to the man-
ufacturer’s instructions. For agonist, fold of 
induction = firefly RLUinduced/firefly RLUuninduced. 
For antagonist, % of control = 100 × firefly RLU 
(agonist+antagonist)/firefly RLUagonist alone, all normalized 
to lung RLU. Both EC50 and IC50 values were 
generated using GraphPad Prism software. Z’ 
values were determined as Z’ = 1 - [(3 × SDinudced 
+ 3 × SDuninduced)/(averageinduced – averageunin-

duced)” > (3 × SDinudced + 3 × SDuninduced) (averagein-

duced – averageuninduced)]. 

Chromatin immunoprecipitation (ChIP)

NSCLC cells A549 were cross-linked with 1% 
formaldehyde for 10 min at room temperature. 
The cross-linking was terminated by adding 
125 mM glycine and the cells were washed 
twice with ice-cold PBS. The cells were solubi-
lized in a buffer containing 10 mM Tris-HCl (pH 
8.0), 1% Triton X-100, 1% sodium deoxycholate, 
1 mM phenylmethanesulfonyl fluoride and pro-
tease inhibitor cocktail for 10 min at 4°C. 
Sonication using a Bioruptor® Sonicator (Diage- 
node s.a., Seraing, Belgium) was performed to 
shear chromatin into 500-bp fragments. The 
supernatant was obtained by centrifugation 
(16,000×g for 10 min at 4°C) and equally divid-
ed into six tubes (100 μl/tube). The appropriate 

antibodies (anti c-MYC antibody or rabbit IgG) 
was added into each tube and incubated for 3 
h at 4°C. Immunoprecipitation was performed 
using ChIP‑grade agarose beads with protein G 
(Cell Signaling Technology, Inc., Danvers, MA, 
USA), and the cells were blocked with 1% bovine 
albumin and 1% salmon sperm DNA. Finally, 
the compounds were collected and the DNA 
was isolated for qPCR.

Flow cytometry

To study the influence of expression changes of 
c-Myc and lncRNA H19 on the progression of 
cell cycle in NSCLC, flow cytometry was used. 
The NSCLC cells A549 at logarithmic phase 
were selected and plated in a 96-well plate at a 
density of 2 × 103 cells/well in supplemented 
RPMI 1640 and incubated for 16 h before the 
cells were subjected to treatment in triplicate 
wells. After treatment, the cells were washed 
twice in phosphate-buffered saline (PBS) (2.68 
mM KCl, 1.47M KH2PO4, 8 mM Na2KPO4, 
136.75 mM NaCl) and counted. Fifty to one 
hundred thousand cells were selected and cen-
trifuged 5 min at 1000 r/min. Annexin V-FITC 
mixed liquor of 195 μL was added to resuspend 
cytotrophoblast cells and 5 μL was added to 
mix. Centrifugation at 1000 r/min for 5 min was 
performed after cultivation 10 min. Sample 
was obtained after discarding supernatant and 
10 μL propidium iodide (PI) was added. 
Afterwards, the sample was stilled in dark for 
30 min. Finally, the apoptosis and cell cycle 
were detected using flow cytometry (FCM) on 
the Moflo (Dako Cytomation, Glostrup, Den- 
mark).

Statistical analysis

Data were processed using SPSS 12.0 statisti-
cal software (SPSS, Inc., Chicago, IL, USA) and 
recorded as the mean ± standard error of the 
mean. P < 0.05 was considered to indicate a 
statistically significant difference. In addition, 
one‑way analysis of variance was adopted to 
assess the data. All of the experiments were 
performed in triplicate for the purposes of 
comparison.

Results

H19 was up-regulated in cancer tissues and 
cells

To explore H19 expression in NSCLC, RT-PCR 
was used to determine the mRNA levels of 
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lncRNA H19 in cancer tissues of patients with 
NSCLC and the tissues of normal people, 

NSCLC cells (A549, L78 and H460) and the nor-
mal cells. As shown in Figure 1A, the mRNA 

Figure 1. LncRNA H19 expression levels in NSCLC and the control. A: mRNA level of H19 in NSCLC tissues and ad-
jacent tissues. **P < 0.01, compared with adjacent tissues, H19 expression level in NSCLC tissues had statistical 
difference; B: mRNA level of H19 in NSCLC cell line A549, L78 and H460 and the normal cell line 16HBE. **P < 
0.01, compared with the normal cell line 16HBE, H19 expression level in NSCLC cell line A549, L78 and H460 had 
statistical difference.

Figure 2. The expression changes of The c-Myc and H19 after transfection of pcDNA3.1-c-Myc and c-Myc-siRNA 
in NSCLC cell line A549. A: Representative images of RT-PCR results indicated pcDNA3.1-c-Myc significantly up-
regulated the expression of c-Myc at protein levels; B: pcDNA3.1-c-Myc significantly upregulated the expression of 
c-Myc and the expression of H19 was upregulated accordingly at mRNA levels; **P < 0.01, compared with pcDNA3.1 
group, relative mRNA expression of c-Myc and H19 in pcDNA3.1-c-Myc had statistical difference, respectively; C: 
Representative images of RT-PCR results indicated c-Myc-siRNA significantly downregulated the expression of c-Myc 
at protein levels; D: c-Myc-siRNA significantly downregulated the expression of c-Myc and the expression of H19 was 
downregulated accordingly at mRNA levels; **P < 0.01, compared with si-NC group, relative mRNA expression of c-
Myc and H19 in c-Myc-siRNA group had statistical difference, respectively.
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level of lncRNA H19 was up-regulated in NSCLC 
tissues compared with the normal tissues, and 
the difference had statistical significance (P < 
0.01). The results of NSCLC and the normal 
cells showed the mRNA levels of lncRNA H19 in 
A549, L78 and H460 cells were significantly 
higher than that in the normal cells 16HBE (P < 
0.01) (Figure 1B). Moreover, the value in A549 
cells was much higher than that in L78 and 

H460 cells. Therefore, A549 cells 
were selected for the further 
research. All those suggested 
that lncRNA H19 may be key fac-
tor for the development and pro-
gression of NSCLC. 

C-Myc up-regulates the expres-
sion of lncRNA H19

To explore the influence of c-Myc 
level on the expression of lncRNA 
H19, pcDNA3.1-c-Myc and c-Myc 
siRNA was transfected into A549 
cells to overexpress and knock-
down c-Myc, respectively. Then, 
the mRNA levels of c-Myc and 
lncRNA H19 in the transfected 
A549 cells was determined by 
RT-PCR. The results of transfec-
tion with pcDNA3.1-c-Myc sho- 
wed the mRNA expression of H19 
and c-Myc in cells transfected 
with pcDNA3.1-c-Myc was mark-
edly higher than that transfection 
with empty vector plasmid pc- 
DNA3.1 (Figure 2A and 2B). For 
cells transfected with c-Myc 
siRNA, the mRNA level was much 
lower than that transfection with 
si-NC. Moreover, the expression 
of lncRNA H19 was also down-
regulated after the knockdown of 
c-Myc (Figure 2C and 2D). There- 
fore, we can conclude c-Myc can 
up-regulate the expression of 
lncRNA H19.

C-Myc strengthen the activity of 
lncRNA H19 promoter

To explore the molecular about 
how c-Myc up-regulate the exp- 
ression of lncRNA H19, lucifer-
ase reporter assay was used to 
explore the targeted role of c-Myc 

Figure 3. C-Myc regulates H19 promoter activity, depending on E-box ele-
ment. A: Schematic of the H19-promoter-luciferase construct is depicted 
with locations of the E-box element and sequences of point mutation; 
B: Luciferase reporter assay on A549 cells cotransfected with luciferase 
constructs (mutant at E-box element) and pcDNA3.1-c-Myc or c-Myc-
siRNA; **P < 0.01, compared with pcDNA3.1 group, relative luciferase 
activity in pcDNA3.1-c-Myc group had statistical difference, ##P < 0.01, 
compared with si-NC group, relative luciferase activity in c-Myc-siRNA 
group had statistical difference; C: ChIP-derived DNA was amplified by 
qRT-PCR using specific primers. The levels of qPCR products are ex-
pressed as a percentage of input DNA; **P < 0.01, compared with the lgG 
value, the percentage of c-Myc input had statistical difference in Non-
transfected, pcDNA3.1-c-Myc and c-Myc-siRNA group, respectively; ##P < 
0.01, compared with Non-transfected group, percentage of c-Myc input 
in pcDNA3.1-c-Myc had statistical difference; ▲▲P < 0.01, compared with 
pcDNA3.1-c-Myc group, percentage of c-Myc input in c-Myc-siRNA group 
had statistical difference.

on the promoter of lncRNA H19. The schematic 
of H19-promoter-luciferase reporter plasmid 
was shown in Figure 3A. To study the influence 
of c-Myc on the activity of H19 promoter, 4 
groups: pcDNA3.1, pcDNA3.1-c-Myc, si-NC and 
c-Myc siRNA were selected and relative lucifer-
ase activity in each group was determined. 
Compared with pcDNA3.1 groups, luciferase 
activity in pcDNA3.1-c-Myc group was markedly 
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Figure 4. Identification of miR-107 as a target of H19. A: Alignment of 
potential H19 base pairing with miR-107 as identified by Starbase v2.0 
(http://starbase.sysu.edu.cn/mirLncRNA.php). B: si-H19 reduced the 
endogenous H19 mRNA level and increased miR-107 mRNA level; **P < 
0.01, compared with si-NC group, the mRNA levels of H19 and miR-107 
in si-H19 group had statistical difference, respectively; C: pcDNA3.1-H19 
increased the endogenous H19 mRNA level and decreased miR-107 
mRNA level; **P < 0.01, compared with pcDNA3.1 group, the mRNA levels 
of H19 and miR-107 in pcDNA3.1-H19 group had statistical difference, 
respectively.

higher (P < 0.01), and the value in c-Myc siRNA 
group was much lower than the si-NC group (P 
< 0.01) (Figure 3B). The influence of c-Myc 
ectopic expression on the enrichment of lncRNA 
H19 in A549 cells was studied by employing 3 
groups: Non-transfected, pcDNA3.1-c-Myc and 
c-Myc siRNA group. Results showed the per-
centage of lgG input was similar and all very low 
in the 3 groups. The percentage of c-Myc input 
was all significantly higher than lgG in each 
group. Moreover, the differences of c-Myc value 
between Non-transfected and pcDNA3.1-c-Myc 
group, pcDNA3.1-c-Myc and c-Myc siRNA all 
had statistical significance (both was P < 0.01). 
This indicated the ectopic expression of c-Myc 
would affect the enrichment of lncRNA H19 in 
A549 cells. So, we concluded c-Myc can up-
regulate the expression of lncRNA H19 by tar-
geting its promoter.

LncRNA H19 influences cell 
cycle by regulating miR-107

With online tool Starbase v2.0 
(http://starbase.sysu.edu.cn/mir-
LncRNA.php), we obtained miR-
107 was base pairing with H19. 
Then, the relationship between 
H19 and miR-107 was researched 
by overexpressing and interfering 
H19 with RT-PCR. Alignment of 
potential H19 base pairing with 
miR-107 as identified by online 
tool Starbase v2.0 was shown in 
Figure 4A. Results also showed 
H19 was significantly down-regu-
lated by transfection with si-H19 
(P < 0.01), while miR-107 was 
markedly up-regulated compared 
with the control (P < 0.01) (Figure 
4B). When transfection with 
pcDNA3.1-H19, the expression of 
H19 was significantly increased 
(P < 0.01) and the value of miR-
107 decreased markedly (P < 
0.01) (Figure 4C). The cell-cycle 
distribution in A549 cells was 
explored in 4 groups: si-NC, 
si-H19, miR-107 inhibitor and si-
H19+miR-107 inhibitor. Results 
showed the number of cells in 
G2/M stage in si-H19 and si-
H19+miR-107 inhibitor group 
decreased significantly com-
pared with the si-NC group (P < 
0.01), while the value in miR-107 

inhibitor group increased markedly (P < 0.01). 
Moreover, the values in G0/G1, S and G2/M 
stage between si-H19 and miR-107 inhibitor 
group, miR-107 inhibitor and si-H19+miR-107 
inhibitor group all had statistical difference 
(Figure 5). Therefore, we concluded lncRNA 
H19 can influence the cell cycle of NSCLC cells 
by regulating miR-107.

Discussion

Lung cancer is the most common cause of can-
cer deaths worldwide, and most cases are 
associated with cigarette smoking [18]. The 
median survival of patients with untreated 
NSCLC is only four to five months, with a sur-
vival rate at one year of only 10 percent. 
Chemotherapy for NSCLC is often considered 
ineffective or excessively toxic, and over the 
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past decade, a number of new agents have 
become available for the treatment of NSCLC, 
including the taxanes, gemcitabine, and vinorel-
bine [19]. LncRNA genes demonstrate develop-
mental and tissue specific expression patterns, 
and aberrant regulation in a variety of diseases, 
including cancer [20]. They represent a signifi-
cant untapped resource in terms of developing 
diagnostics and therapies. Differential or high 
level expression of certain cancer type-specific 
lncRNAs can be exploited for the development 
of novel biomarkers as lncRNA expression or 
may potentially correlate with patient response 
to chemotherapy. Understanding the mecha- 
nism(s) by which lncRNAs act will continue to 
provide novel approaches to regulating genes 
including the development of mimetics to com-
pete with binding sites for miRNAs, chromatin 
remodelers, or DNA [5]. Yang et al. reported 
lncRNAs have been shown to have important 
regulatory roles in cancer biology, and the 
lncRNA H19 is up-regulated in hypoxic stress 
and in some tumors [10]. However, the contri-
butions of H19 to NSCLC remain largely 
unknown. Therefore in this study, we aimed to 
study the molecular mechanism about how 
lncRNA H19 influence NSCLC. 

First, NSCLC and adjacent tissues were sepa-
rated. The mRNA levels of lncRNA H19 in those 
tissues, NSCLC and normal cell lines were 
determined by RT-PCR. Results showed the 
relative expression levels of H19 in NSCLC tis-
sues and cell lines were significantly higher 
than those in adjacent tissues and normal 
cells. The imprinted H19 gene, which encodes 
an untranslated RNA, lies at the end of a clus-
ter of imprinted genes [21]. It is strongly 
expressed in embryonic cells and in a wide-
range of human cancers [22]. Hibi et al. report-
ed that loss of imprinting (LOI) of the endoge-
nous gene H19 was frequently found in lung 
cancer and choriocarcinoma, common adult-
hood cancers [23]. H19 transcription is up-reg-
ulated during the S-phase of growth-stimulated 
cells and that the H19 promoter is activated by 
E2F1 in breast cancer cells [24]. H19 is highly 
expressed from the early stages of embryogen-
esis to fetal life in many organs including the 
fetal adrenal, liver and placenta but is nearly 
completely downregulated postnatally [25]. 
Moreover, H19 noncoding RNA can be induced 
by c-Myc oncogene by allele-specific binding to 
potentiate tumorigenesis, and study showed 
the the promoter region of lncRNA H19 includes 

Figure 5. H19 influences the mitotic pro-
gression of NSCLC cell line A549 by tar-
geting miR-107. A: Cell cycle progression 
of A549 after transfected with si-H19, 
miR-107 inhibitor, and si-H19+miR-107 
inhibitor was determined by FCM analy-
sis; *P < 0.05 and **P < 0.01, compared 
with si-NC group, the G0/G1, S and G2/M 
stage in si-H19, miR-107 inhibitor, and si-
H19+miR-107 group had statistical differ-
ence, respectively. B: The distribution of 
A549 cell cycle; ●●P < 0.01, the difference 
of G0/G1, S and G2/M value between si-
H19 and miR-107 group had statistical 
significance; ▲▲P < 0.01, the difference of 
G0/G1, S and G2/M value between miR-
107 inhibitor and si-H19+miR-107 group 
had statistical significance.
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the binding site of c-Myc [26]. Therefore, we fur-
ther explored the influence of c-Myc on the 
expression of lncRNA H19. PcDNA3.1-c-Myc 
and c-My-siRNA was transfected into NSCLC 
cells and RT-PCR was used to determine the 
expression of c-Myc and H19, respectively. 
Results showed the expression level of H19 
increased and decreased accordingly with the 
overexpression and knockdown of c-Myc, which 
indicated c-Myc can up-regulate the expression 
of H19. Previous study showed the altered 
expression of lncRNA H19 can be duced by 
c-Myc in the development and progression of 
gastric cancer by regulating cell proliferation 
[27]. Matouk et al. reported the H19 non-cod-
ing RNA is essential for human tumor growth 
and c-Myc induced the expression of the H19 
RNA [28]. Then, to explore the mechanism on 
how c-Myc up-regulate the expression of H19, 
luciferase reporter assay was used to deter-
mine the targeting role of c-Myc on the promot-
er of H19. Results showed c-Myc strengthen 
the activity of the promoter of H19 and the 
ectopic expression level of c-Myc influence the 
enrichment of H19. It indicated c-Myc can up-
regulate the expression of H19 by targeting its 
promoter. Then, miRNA complementary base 
pairing with H19 was predicted by online soft-
ware and miR-107 was selected. Results 
showed the expression of miR-107 increased 
with the knockdown of H19, which indicated 
miR-107 can be down-regulated by miR-107 
and miR-107 was the target gene of H19. To 
explore the molecular mechanism about how 
H19 influence the cell cycle progression of 
NSCLC, NSCLC cells were transfected with 
si-NC, si-H19, miR-107 inhibitor and si-H19+ 
miR-107 inhibitor, and cell cycle was deter-
mined, respectively. Results showed the num-
ber of cells in G2/M stage in si-H19 and si-H19+ 
miR-107 inhibitor group decreased significantly 
compared with the si-NC group (P < 0.01), while 
the value in miR-107 inhibitor group increased 
markedly. MicroRNAs (miRNAs) are a class of 
∼22-nucleotide (nt)-long noncoding RNAs exp- 
ressed by all metazoan eukaryotes [29]. Dys- 
regulation of a specific spectrum of miRNAs in 
human malignancies is frequently observed. 
Emerging evidence suggests miRNAs function 
as both tumor suppressors and oncogenes 
[30]. Rapidly accumulating evidence suggests 
that many miRNAs are involved in cell cycle 
regulation and consequentially play critical 
roles in carcinogenesis. The imprinted H19 

noncoding RNA is a primary microRNA precur-
sor [31]. Shi et al. reported lncRNA H19 pro-
motes glioma cell invasion by deriving miR-675 
[32]. In NSCLC cell lines, MiR-107 can induce 
the cell cycle arrest and suppress gene expres-
sion through either translational repression or 
degradation of target mRNAs [33]. In gastric 
cancer, it is up-regulated in gastric cancer and 
associated with tumour metastasis and worse 
prognosis [14]. MiR-107 can targets cyclin-
dependent kinase 6 expression and induce cell 
cycle G1 arrest and inhibit invasion in gastric 
cancer cells [34]. All those indicated H19 can 
affect the mitotic progression of NSCLC cells by 
down-regulating the expression level of miR- 
107.

Our study suggests another layer of regulation 
that involves the lncRNAs and H19 is a c-Myc 
up-regulated gene that potentiates the tumori-
genic phenotype of NSCLC. Moreover, H19 can 
promote cell cycle progression of NSCLC cells 
by down-regulating miR-107. 
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