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Background: This study aimed to explore the effect of long non-coding RNA (LncRNA) H19 

on the proliferation and invasion of lung carcinoma cells A549, and to determine its molecular 

targets. 

Methods: A549 cells were with either LncRNA H19 or LncRNA H19 shRNA, and the expres-

sion levels of LncRNA H19 were evaluated by quantitative real-time PCR (RT-PCR). We mea-

sured cell proliferation using the CCK-8 assay, cell counting assays, and colony formation assay 

in response to shLncRNA H19-2. Cell migration and invasion were assessed by wound healing 

assay and Transwell assay, respectively. The mRNA and protein expression levels of E-cadherin, 

N-cadherin, and vimentin were determined by RT-PCR and western blot, respectively.

Results: The three LncRNA H19 shRNAs used in our study significantly reduced the expres-

sion levels of LncRNA H19 in A549 cells (P,0.05). Moreover, LncRNA H19 shRNA 2 

(shLncRNA-2) was the most potent inhibitor of LncRNA H19 expression, and was selected 

for further experimentation. Transfection with shLncRNA H19-2 significantly decreased the 

proliferation, migration, and invasion of A549 cells, while overexpression of LncRNA H19 had 

the opposite effect in these cells (P,0.05). In response to shLncRNA H19-2, the expression 

levels of E-cadherin were notably elevated (P,0.05), while the expression levels of N-cadherin 

and vimentin were decreased (P,0.05). In contrast, overexpression of LncRNA H19 induced 

the expression of E-cadherin, and blocked the expression of N-cadherin, and vimentin (P,0.05). 

Conclusion: Our results suggest that LncRNA H19 mediates the proliferation and invasion of 

lung cancer cells via upregulation of N-cadherin and vimentin, and downregulation of E-cadherin. 
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Introduction
Lung cancer is associated with an exceptionally high rate of mortality.1 The onset of 

lung cancer is linked not only to external factors, such as smoking, but also to the genetic 

background of the patient.2 The activation of proto-oncogenes and the inactivation of 

tumor suppressor genes may contribute to lung cancer tumorigenesis and metastasis.2

Long non-coding RNAs (LncRNAs) are RNA molecules composed of 200 or 

more nucleotides that are not translated into proteins. Because they do not have a 

reading frame, it first appears as if LncRNAs serve no biological function.3 How-

ever, they have been found to regulate multiple cellular processes, including histone 

modification, chromatin remodeling, and cell cycle progression.4 Furthermore, certain 

LncRNAs are now used as biomarkers in cancer.5 These LncRNAs are differentially 
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expressed in malignant tumors, and can be used to diagnose 

cancer and to assess tumor origin when the primary site is 

unknown.6

LncRNA H19, located near the telomeric region of its 

chromosome, is 2.5 kb in length, which includes five exons 

and four introns, and has been linked to tumor development.7 

LncRNA H19 is primarily localized to the cytoplasm and 

acts as a regulatory RNA or ribose nuclear factor to control 

cell growth. During embryonic development, its expression 

is concentrated in the endoderm- and mesoderm-derived 

tissues.8–10 After birth, LncRNA H19 is only expressed, to 

a small extent, in heart muscles, skeletal muscles, and the 

breasts.8–10 These observations suggest that LncRNA H19 

plays a dual role in cell proliferation and differentiation.8–10 

Additionally, it has been reported that LncRNA H19 can 

induce the expression of a variety of genes related to tumor 

invasion and migration.11

In this study, we aim to explore the effect of LncRNA 

H19 on the proliferation and invasion of lung carcinoma cells 

A549, and determine its molecular targets using gene silenc-

ing and overexpression of LncRNA H19. Our results provide 

insight into the role of LncRNA H19 in cancer progression, 

and suggest that LncRNA H19 is a novel therapeutic target 

in lung cancer.

Materials and methods
reagents
Certified FBS was obtained from Biological Industries 

(04-001-1A; Beth Haemek, Israel). Complete RPMI-1640 

medium containing FBS and penicillin-streptomycin was 

bought from KeyGEN Biotech (KGM31800S-500; Jiangsu, 

China). DL5000 DNA marker was purchased from Takara 

(A2001C; Tokyo, Japan). Horseradish peroxidase (HRP)-

labeled goat anti-rabbit IgG (H+L) was purchased from 

ZSGB-Bio (ZB-2301; Beijing, China). Luria-Bertani (LB) 

broth (HB0128) and LB agar (HB0129) were bought from 

Hopebiol (Shandong, China). Lipofectamine® 3000 was 

purchased from Thermo Fisher Scientific (Waltham, MA, 

USA). Plasmid extraction kits (DP103-02) and gel extrac-

tion kits (DP209-02) were purchased from Tiangen Biotech 

(Beijing, China). The PLVX-Puro vector was obtained from 

Youbio (VT1465; Hunan, China). Primers were synthesized 

by Genscript (Jiangsu, China) and General Biosystems 

(Anhui, China). Rabbit anti-E-cadherin (bs-1519R) and 

anti-N-cadherin (bs-1172R) polyclonal antibodies were 

obtained from Bioss Antibodies (Beijing, China). Rabbit 

anti-vimentin polyclonal antibody was purchased from 

Abcam (ab1256; Cambridge, UK). The Trans 15K DNA 

marker was from Transgen Biotech (BM161-01; Beijing, 

China). Trypsin-EDTA buffer (0.25%) without phenol red 

(T1300) and ampicillin (NOA8180) was purchased from 

Solarbio (Beijing, China). Ultrapure RNA kits (CW0581M), 

HiFiScript cDNA synthesis kits (CW2569M), and Ultra-

SYBR mixture (CW0957M) were purchased from CWBIO 

(Beijing, China). Human A549 lung carcinoma cells were 

provided by Stem Cell Bank, Chinese Academy of Sciences, 

Shanghai, China. Cells were cultured in RPMI-1640 medium 

supplemented with 10% (v/v) FBS.

Vector construction
The whole genome sequence of LncRNA H19 was identified 

from the NCBI database (https://www.ncbi.nlm.nih.gov/). 

Primers were designed and synthesized according to its 

whole genome sequence, and suitable restriction sites were 

added. shRNA constructs are shown in Table 1. The DNA 

of whole genome sequences was extracted, PCR amplified, 

and extracted from agarose gels to amplify and recover the 

constructs. We performed TA cloning of the LncRNA H19 

and T vector constructs, and the products were transformed 

into Escherichia coli DH5α. The transformed cells were 

seeded into liquid LB media overnight, and plasmids were 

then extracted. DNA was obtained from positive clones 

via restriction enzyme digestion. The plasmids were then 

digested by endonucleases, linked by ligases, and trans-

formed into E. coli DH5α. Finally, the recombinant plasmids 

were extracted from the bacteria.

cell transfection
According to the different transfected genes, A549 cells were 

divided into five groups: blank control (Control), interference 

Table 1 interference sequences

Sequence name Primer sequences (5′–3′)

shlncrna h19-1 F: gaTccTTagcaaaggTgacaTcTTcTcTcTcgagagaagaTgTcaccTTTgcTaaTTTTTg
r: aaTTcaaaaaaTTagcaaaggTgacaTcTTcTcTcgagagaagaTgTcaccTTTgcTg

shlncrna h19-2 F: gaTccTcccagaacccacaacaTgaacTcgagTTcaTgTTgTgggTTcTgggaTTTTTg
r: aaTTcaaaaaaTcccagaacccacaacaTgaacTcgagTTcaTgTTgTgggTTcTgggag

shlncrna h19-3 F: gaTccTgaaTaTgcTgcacTTTacaacTcgagTTgTaaagTgcagcaTaTTcaTTTTTg

Abbreviations: r, reverse; F, forward.
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negative control (shLncRNA H19 NC), expression nega-

tive control (LncRNA H19 NC), interference (shLncRNA 

H19), and overexpression (LncRNA H19). Cells without 

any treatment served as blank control. Different genes were 

transfected into A549 cells using Lipofectamine® 3000 per 

manufacturer’s manual. After transfection, A549 cells were 

cultured in FBS-free media for 4 hours. The media was then 

replaced with FBS-containing media and cells were cultured 

for an additional 44 hours.

Measurement of cell proliferation
A549 cells in the logarithmic phase were seeded into 96-well 

plates at a density of 4×103 cells/well. Six wells were seeded 

per group, and cells were cultured for 24 hours. Forty-eight 

hours post-transfection, cell counts were performed. For the 

Cell Counting Kit-8 (CCK-8) assay, media was replaced with 

fresh CCK-8 solution (10 µL per well) for 4 hours, and the 

absorbance was measured at 450 nm. Each experiment was 

repeated in triplicate.

After transfection, cells were seeded into culture dishes 

at a density of 50 cells/dish and cultured for 14 days. The 

culture media was then discarded, and the cells were washed 

twice with PBS. Cells were fixed in 4% paraformaldehyde for 

15 minutes and stained in Giemsa solution for 20 minutes. 

They were then washed with water to remove the staining 

solution and air dried. The dishes were inverted and overlaid 

with a mesh transparent film. Clones larger than ten cells 

were counted using a microscope.

Measurement of cell migration
After transfection, cells were seeded into 24-well plates at a 

density of 5×105 cells/well and cultured overnight. A scratch 

was made with a pipette tip across the cell monolayer. 

The cells were washed with PBS for three times, cultured 

in serum-free media for 48 hours, and visualized using a 

microscope.

Measurement of cell invasion
Matrigel was uniformly distributed onto the membranelle of 

transwell inserts and incubated at 37°C. After transfection for 

48 hours, the media of A549 cells was replaced with FBS-free 

media containing 0.2% BSA for 12 hours. The cells were 

then trypsinized, washed with PBS once, and suspended in 

FBS-free media containing 0.2% BSA. Cell suspensions 

were counted, and cell concentrations were adjusted to 2×105 

cells/mL. Complete medium (500 µL) and cell suspensions 

(100 µL) were added into the lower and upper chambers, 

respectively. Transwell inserts were then incubated for 

24 hours. Cells were fixed in 4% paraformaldehyde for 

30 minutes, washed with PBS twice, and stained in Giemsa 

buffer for 30 minutes. After washing with PBS twice, the 

cells in the upper chamber were discarded gently with cotton 

swabs. Cells in five fields of view of the lower chamber were 

counted using a microscope. Invasive capacity was expressed 

as the average number of cells in each field of view.

reverse transcription Pcr (rT-Pcr)
After transfection for 48 hours, total RNA was collected with 

an ultrapure RNA kit, and RNA was reversely transcribed 

into cDNA using a HiFiScript cDNA synthesis kit. cDNA 

was amplified using fluorogenic quantitative PCR (CFX 

ConnectTM; Bio-Rad, Hercules CA, USA). Primers (listed in 

Table 2) were added to 25 µL of PCR mix (9.5 µL of RNase 

free dH
2
O, 1 µL of cDNA, 1 µL of forward primer, 1 µL of 

reverse primer, 12.5 µL of 2× UltraSYBR mix) and reaction 

parameters were as follows: pre-denaturation for 10 minutes 

at 95°C, denaturation for 10 seconds at 95°C, annealing 

for 30 seconds at 55°C, elongation for 30 seconds at 72°C. 

Dissociation curves were analyzed as follows: 15 seconds 

at 95°C, 1 minute at 55°C, 15 seconds at 95°C, 15 seconds 

at 55°C, 15 seconds at 55°C, and measured stepwise from 

92°C, every 0.5°C. Quantitative analysis was performed 

using fluorogenic quantitative RT-PCR (CFX ConnectTM; 

Bio-Rad). Glyceraldehyde-phosphate dehydrogenase served 

as an internal control.

Western blot
After transfection for 48 hours, A549 cells were collected and 

lysed in RIPA buffer at 4°C for 30 minutes. Cell lysates were 

centrifuged at 8000× g and 4°C for 10 minutes, and the super-

natants were collected. Protein concentrations were measured 

using a BCA kit. Proteins were then denatured and separated 

using SDS-PAGE electrophoresis for 1–2 hours. Proteins were 

Table 2 Primers for rT-Pcr

Gene Primer (5′–3′)

LncRNA H19 F: TcagcTcTgggaTgaTgTggT
r: cTcaggaaTcggcTcTggaag

E-cadherin F: caaaTccaacaaagacaaagaaggc
r: acacagcgTgagagaagagagT

N-cadherin F: caTcaTcaTccTgcTTaTccTTgT
r: ggTcTTcTTcTccTccaccTTcT

Vimentin F: TcgTgaTgcTgagaagTTTcg
r: TcTggaTTcacTcccTcTggT

GAPDH F: ggaccTgaccTgccgTcTag
r: gTagcccaggaTgcccTTga

Abbreviations: rT-Pcr, reverse transcription Pcr; r, reverse; F, forward.
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subsequently transferred to  membranes and incubated with 

the primary antibody (1:1,000 for anti-E-cadherin, 1:200 for 

anti-N-cadherin, 1:2,000 for anti-vimentin) overnight at 4°C. 

The membranes were then washed and incubated with the sec-

ondary antibody (1:2,000) for 1–2 hours at room temperature. 

Bands were visualized with chemiluminescence solution, and 

imaged with a gel imaging system (ChemiDoc™ XRS+; Bio-

Rad, Hercules CA, USA). Quantity one software (Bio-Rad) 

was used to determine the relative amount of protein per band.

statistical analysis
All experiments were repeated in triplicate. The data were 

presented as mean ± SD. Statistical analyses were carried out 

using ANOVA followed by a post hoc test using SPSS 19.0 

software. P,0.05 was considered to be statistically significant.

Results
shrna construct screening
Figure 1 shows the expression levels of LncRNA H19 in 

A549 cells after transfection with various LncRNA H19 

shRNA constructs. Compared with the control group, shLn-

cRNA H19-1, shLncRNA H19-2, and shLncRNA H19-3 

significantly reduced the expression levels of LncRNA H19 

in these cells (P=0.0005, 0.0003, and 0.0007, respectively). 

Moreover, shLncRNA H19-2 showed the greatest effect on 

the inhibition of LncRNA H19 expression. Thus, we selected 

shLncRNA H19-2 for all further experimentation.

screening of lncrna h19 
overexpression constructs
The expression levels of LncRNA H19 in A549 cells trans-

fected with different LncRNA H19 gene vectors is depicted 

in Figure 2. We found that the shLncRNA H19 NC and 

LncRNA H19 NC groups had similar LncRNA H19 expres-

sion levels compared with the control group, confirming the 

reliability of our analyses. Interestingly, transfection with 

shLncRNA H19 remarkably downregulated LncRNA H19 

expression compared with the control group (P=0.0000001), 

while transfection with LncRNA H19 increased the levels of 

LncRNA H19 (P=0.0000001).

lncrna h19 mediates cell proliferation 
in a549 cells
As shown in Figure 3, transfection with either shLncRNA 

H19 NC or LncRNA H19 NC exerted a negligible effect 

on the viability, cell number, and rate of colony formation 

of A549 cells. shLncRNA H19 significantly decreased 

the viability, cell number, and rate of colony formation 

of A549 cells compared with the control group (P=0.046, 

0.042, and 0.039, respectively), while transfection with 

LncRNA H19 had the opposite effect (P=0.045, 0.043, and 

0.044, respectively). These results suggest that inhibition 

of LncRNA H19 expression suppresses the proliferation 

of lung carcinoma cells, while its overexpression has an 

opposite effect.

Figure 1 mrna expression levels of lncrna h19 in a549 cells after transfection 
with various lncrna h19 silencing constructs, as measured by rT-Pcr.
Notes: Treatment with shlncrna h19-2 resulted in the lowest mrna expression 
levels of lncrna h19 compared with all other constructs. *P,0.05 vs the control 
group.
Abbreviations: rT-Pcr, reverse transcription Pcr; lncrna, long non-coding rna.

Figure 2 mrna expression levels of lncrna h19 in a549 cells transfected with 
different lncrna h19 gene vectors, as measured by rT-Pcr. 
Notes: Transfection with shLncRNA H19 significantly reduced the mRNA expression 
levels of LncH19 in A549 cells, while LncRNA H19 significantly elevated the mRNA 
expression levels compared with the control group. *P,0.05 vs the control group.
Abbreviations: rT-Pcr, reverse transcription Pcr; lncrna, long non-coding rna.
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lncrna h19 mediates the migration and 
invasion of a549 cells
As shown in Figure 4, transfection with either shLncRNA 

H19 NC or LncRNA H19 NC had no effect on the  migration 

and invasion of A549 cells. However, compared with the 

control group, the migration and invasion of A549 cells 

was significantly blocked by shLncRNA H19 (P=0.025 and 

0.038, respectively), while an opposite effect was observed 

Figure 3 The proliferation of a549 cells transfected with different lncrna h19 gene vectors, as assessed by ccK-8 assay (A), cell counting (B), and colony formation (C).
Notes: shlncrna h19 decreased the proliferation of a549 cells, while lncrna h19 increased their proliferation compared with the control group. *P,0.05 vs the control 
group.
Abbreviations: lncrna, long non-coding rna; ccK-8, cell counting Kit-8.

Figure 4 (Continued)
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with LncRNA H19 (P=0.039 and 0.041, respectively). These 

results suggest that shLncRNA H19 mediates the migratory 

and invasive potential of lung cancer cells.

LncRNA H19 influences the expression 
of e-cadherin, n-cadherin, and vimentin
As shown in Figure 5, A549 cells transfected with either 

shLncRNA H19 NC or LncRNA H19 NC showed similar lev-

els of E-cadherin, N-cadherin, and vimentin compared with 

the control group. After transfection with shLncRNA H19, 

the expression levels of E-cadherin were notably increased 

and those of N-cadherin and vimentin were reduced (all 

P=0.000001), while an opposite effect was observed with 

LncRNA H19 overexpression (all P=0.000001).

Discussion
As the incidence of lung cancer has steadily increased world-

wide, it is necessary to find effective novel therapeutics to 

treat this debilitating disease. LncRNA is currently of great 

interest to the therapeutics. Several LncRNAs play  important 

regulatory roles in the development and progression of 

cancer.12 The abnormal expression of LncRNAs in multiple 

types of malignant tumors, such as liver cancer,13 prostate 

cancer,14 and breast cancer,15 can either inhibit or promote 

tumor growth, proliferation, and metastasis. A few LncRNAs 

have also been used as prognostic biomarkers.

Previous studies have shown that LncRNA H19 is associ-

ated with tumor proliferation and invasion,16 and promotes 

epithelial–mesenchymal transition (EMT) in alveolar epithe-

lial cells.17 Zhou et al revealed that the expression levels of 

lncRNA H19 in lung cancer tissues were significantly higher 

compared with normal tissues and knockout of LncRNA H19 

inhibited the proliferation of lung cancer cells in vitro (A549 

cells) and in vivo.18 This study also found that overexpression 

of LncRNA H19 promoted the invasion and metastasis of 

lung cancer cells.18 These results are in agreement with our 

study, as the proliferative, migratory, and invasive potential 

of lung cancer cells were significantly decreased by knock-

ing down LncRNA H19 expression, and overexpression of 

LncRNA H19 resulted in an opposite effect in these cells. 

Figure 4 (A) The migration of a549 cells transfected with different lncrna h19 gene vectors, as evaluated by wound healing assay. (B) Qualitative distribution and 
quantitative number of A549 cells transfected with different LncRNA H19 gene vectors in a typical visual field of the lower chamber, as evaluated by transwell assay. 
Compared with the control group, the migration and invasion of A549 cells was significantly reduced by shLncRNA H19 and was increased by LncRNA H19. *P,0.05 vs 
the control group.
Abbreviation: lncrna, long non-coding rna.
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Therefore, LncRNA H19 plays an important role in the 

development and progression of lung cancer, with significant 

effects on tumor proliferation and invasion.

However, Zhou et al do not report the involved mecha-

nisms.18 Therefore, this study aims to further explore the 

involved mechanisms in vitro from the perspectives of EMT 

through the same A549 cell line. We investigate the expres-

sion of EMT biomarkers such as E-cadherin, N-cadherin, 

and vimentin. EMT refers to a change from epithelial cell 

morphology to mesenchymal morphology, including loss of 

cell polarity and increase of migratory capacity.19 E-cadherin, 

N-cadherin, and vimentin are classical biomarkers of EMT. 

E-cadherin is a calcium-dependent cell adhesion molecule 

that maintains the integrity of cell morphology and struc-

ture by mediating the connection between homotypic cells. 

Decreased expression of E-cadherin is a marker of EMT 

occurrence.20 N-cadherin exhibits an opposite expression 

pattern compared with E-cadherin, as it facilitates tumor inva-

sion and metastasis.21 High expression levels of N-cadherin 

in epithelium-derived tumors are positively correlated with 

tumor growth, migration, invasion, lymph node metasta-

sis, and EMT.22 Deficiency in E-cadherin expression in 

epithelium-derived cancer tissues induces the expression of 

N-cadherin, and the phenotypic transition from E-cadherin 

to N-cadherin is closely related to the enhancement of tumor 

metastasis and invasion.23 Vimentin is an intermediate fila-

ment protein that is expressed in mesenchymal cells and some 

ectodermal cells. Its primary biological function includes 

the maintenance of cell and organelle morphology, signal 

transduction, transplantation immunity, and apoptosis.24 The 

abnormal expression of vimentin can change the structure 

of cytoskeletal proteins and promote the transformation of 

cubic epithelial cells into spindle fibroblast-like cells, increas-

ing their ability to migrate.25 In this study, we found that 

shLncRNA H19 reduced the expression levels of vimentin 

and N-cadherin and increased the levels of E-cadherin. The 

overexpression of LncRNA H19 had the opposite effect as 

it upregulated N-cadherin and vimentin, and downregulated 

β

Figure 5 mrna and protein levels of e-cadherin, n-cadherin, and vimentin in a549 cells transfected with different lncrna h19 gene vectors, as assessed by rT-Pcr and 
Western blot, respectively.
Notes: In response to shLncRNA H19, the expression levels of E-cadherin were significantly increased, and the expression levels of N-cadherin and vimentin were 
reduced. an opposite effect with regards to the expression levels of e-cadherin, n-cadherin, and vimentin was observed with lncrna h19 overexpression. *P,0.05 vs the 
control group.
Abbreviations: rT-Pcr, reverse transcription Pcr; lncrna, long non-coding rna.
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E-cadherin. These results suggest that LncRNA H19 

 promotes EMT in lung cancer cells by modulating the expres-

sion of E-cadherin, N-cadherin, and vimentin. These results 

are consistent with previous reports,7,9 where LncRNA H19 

promotes the expression of EMT genes, including vimentin, 

zinc-finger E-box binding homeobox 1 (ZEB1), and ZEB2 

by regulating miR-138 and miR-200a.7 One study, which 

also used A549 cells, reports that LncRNA H19 promotes 

EMT by negatively regulating miR-484.26 LncRNA H19 

also successively downregulates the expression of LET-7 

and E-cadherin, and upregulates the expression of HMGA2 

and Twist/snail to promote EMT.9

A549 cell line is a common lung cancer cell line used 

for in vitro studies.18,26 We recognize that a more rigorous 

experimental design, including more than one cell line, would 

be useful to further evaluate the effects of LncRNA H19. 

Further experimentation is required to confirm our findings.

Conclusion
LncRNA H19 mediates the proliferation, invasion, and 

metastasis of lung cancer cells, and modulates the expression 

of E-cadherin, N-cadherin, and vimentin, thereby promoting 

EMT. Silencing of LncRNA H19 inhibits the proliferation 

and invasion of lung cancer cells and results in the down-

regulation of vimentin and N-cadherin, and the upregulation 

of E-cadherin. EMT is involved in the regulation of the 

invasion and metastasis of lung cancer cells by LncRNA 

H19. These results provide promising insight into the role of 

LncRNA H19 in tumor progression, and may allow for the 

development of novel therapeutics and diagnostic markers 

for patients with lung cancer.
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