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Abstract: Objective: To determine the effects of H19 gene on the proliferation and invasion of A375 human mela-
noma cells. Methods: A375 cells were infected with a lentiviral vector overexpressing H19 or transfected with H19 
RNA interference constructs. The proliferation and invasion of A375/H19+ cells were measured by MTT cell viability 
and transwell assays, respectively. The mRNA and protein expression levels of matrix metalloproteinase 2 (MMP2) 
and MMP9 were measured by quantitative PCR (qPCR) and Western blotting, respectively, and the protein expres-
sion of Akt, phosphorylated Akt (p-Akt), Slug and E-cadherin were examined by Western blot analysis. Results: The 
optical density value of A375/H19+ cells increased after incubation with MTT reagent for 12 h (P < 0.05), and the 
transwell assay showed that the average penetration rate of A375/H19+ cells significantly increased (P < 0.001). 
The expression levels of MMP2 and MMP9 were significantly increased in A375/H19+ cells, as determined by qPCR 
and Western blotting (P < 0.001). Moreover, A375/H19+ cells had upregulated levels of Slug and p-Akt and downreg-
ulated E-cadherin (P < 0.001). The weight and volume of A375/H19+ cell xenografts in nude mice were significantly 
increased, but its inhibition rate was smaller (P < 0.05 and P < 0.001, respectively). Conclusions: The results of this 
study showed that H19 overexpression promoted the proliferation, invasion, and growth of A375 cells. In addition, 
it upregulated the mRNA and protein expression levels of MMP2 and MMP9, which in turn promoted cell invasion. 
Furthermore, H19 appeared to enhance Akt phosphorylation, directly suppress E-cadherin, and upregulate Slug 
expression to promote A375 cell invasion.
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Introduction

Cutaneous melanoma (CM) is the most lethal 
form of skin cancer, and its incidence has con-
tinued to increase worldwide. The incidence of 
CM ranges from 0.5 and 1.1 per 100,000 peo-
ple in Asia and Africa, respectively, to 8.6, 13.8, 
and 29.8 per 100,000 people in Europe, No- 
rth America, and Oceania, respectively [1]. 
Excessive exposure to ultraviolet (UV) is one 
clear cause of melanoma, as UV rays can burn 
the skin and induce DNA mutations. Both ultra-
violet A (UVA) and ultraviolet B (UVB) can dam-
age the skin and cause melanoma. In particu-
lar, UVB radiation is considered to be the main 
cause of sunburn and skin cancer as it destroys 
melanocytes and induces pathogenesis; UVA 
can suppress certain functions of the immune 
system and accelerate the formation of tumors 
[2]. Individuals with a large number of ordinary 

or dysplastic nevi or with a family history of skin 
cancer are believed to be at high risk of mela-
noma [3]; however, the reasons for this higher 
incidence remain unclear. In its early stages, 
CM can be treated with surgical excision, but its 
marked metastatic potential and resistance to 
current treatments pose a therapeutic chal-
lenge to clinicians [4]. Due to the poor progno-
sis and lack of effective therapeutic options for 
patients with metastases, much effort has 
been made to determine the etiology and 
pathogenesis of melanoma and its biological 
targets.

The H19 gene, which transcribes a long non-
coding RNA (lncRNA), is a maternally expressed 
imprinted gene that plays a vital role in mam-
malian development [5]. High H19 expression 
has been observed during embryogenesis, but 
the transcripts are not expressed in most tis-
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sues after birth, with the exception of the heart 
and skeletal muscle [6]. H19 is also highly 
expressed in the majority of human cancers, 
including breast, colon, liver, and gastric can-
cers [7], and correlates with a poor prognosis 
[8]. However, little is known about the role of 
H19 in the proliferation and invasion of 
melanoma. 

The purpose of this study was to determine the 
effects of H19 on the proliferation and invasion 
of melanoma cells upon infection of human 
melanoma A375 cells with a lentiviral vector 
overexpressing H19. 

Materials and methods

Cell lines and culture

The A375 human melanoma and 293T packag-
ing cell lines were purchased from the cell bank 
of the Chinese Academy of Science (Shanghai, 
China) and cultured in RPMI-1640 Medium and 
Dulbecco’s Modified Eagle Medium (Gibco Life 
Technologies, Carlsbad, CA, USA) supplement-
ed with 10% fetal bovine serum (Takara Co., 
Dalian, China) and 1% penicillin-streptomycin 
(100 μg/mL; Invitrogen Life Technologies, 
Beijing, China) at 37°C with 5% CO2.

Construction of the H19 lentiviral overexpres-
sion vector and lentivirus packaging system

According to the reported nucleotide sequenc-
es of human gene H19 (Gene ID: 283120), the 
target DNA gene fragment was subcloned into 
the pHBLV-CMVIE-ZsGreen-Puro lentiviral vec-
tor (Hanbio Biotechnology, Shanghai, China) to 
construct a lentiviral vector overexpressing 
H19 (pHBLV-CMVIE-ZsGreen-Puro-H19). The 
H19 fragment was identified using a PCR Kit 
(Promega, Madison, WI, USA) according to the 
manufacturer’s instructions, with double diges-
tion performed using EcoRI and BamHI 
enzymes followed by DNA sequencing. HEK 
293T cells in the exponential growth phase 
were seeded onto 10 cm cell culture dishes at 
a density of 2-2.5 × 106 cells/dish. Approximately 
1,800 mL of the lentiviral vector packaging sys-
tem was added to cells at a density of 60-70%. 
After the supernatant was collected, the high 
concentration of lentivirus was used to infect 
the 293T cells. The ratio of positive cells was 
determined by flow cytometry, and the virus 
titer was detected using a double dilution as- 
say.

Lentiviral transfection of A375 cells

A375 cells in the exponential growth phase 
were seeded onto 24-well culture plates at a 
density of 3-5 × 104 cells/well. The viral super-
natants with pHBLV-CMVIE-ZsGreen-Puro-H19 
and green fluorescent protein (GFP) were added 
respectively to cells at a density of 70-80%. 
After 72 h, the transfection ratio was deter-
mined by fluorescence microscopy. Cells with a 
transfection ratio > 80% were used as the tar-
get cells.

Knockdown of the H19 gene in A375 cells via 
CRISPR/Cas9

Specific target genes were selected as foll- 
ows: Upstream, Target-1: GACTCTGGAATCCG- 
GGCTGT; Target-2: GGACTCTGGAATCCGGGC- 
TG; Downstream: Target-3: GTCCGGTGGACGT- 
GACAAGC; and Target-4: GGCCAAGACGCCA- 
GGTCCGG (http://crispr.mit.edu/). The px458-
H19-T4 vector (Takara) was constructed as  
follows: Positive, caccGGCCAAGACGCCAGGTC-
CGG; Negative, aaacCCGGACCTGGCGTCTTG-
GCC using a CRISPR/Cas9 Kit (Invitrogen Tech. 
Co., Beijing, China), according to the manufac-
turer’s instructions. Then specific plasmids 
were purified using the PureLinkTM HiPure 
Plasmid FP (Filter and Precipitator) Maxiprep 
Kit (Invitrogen, Grand Island, NY, USA). The 
screening of transfection reagents was con-
ducted in 96-well plates using Lipofectamine® 
3000 Reagent (ThermoFisher Scientific Inc, 
Shanghai, China). One day prior to transfection, 
adherent cells were plated onto 24-well plates 
at a density of 0.4 to 1.5 × 105 cells per well in 
500 mL growth medium so that the cells were 
40-70% confluent at the time of transfection. 
The ratio of positive cells was determined by 
flow cytometry, and the virus titer was detected 
using a double dilution assay. The transfected 
GFP-positive cells were selected by methods of 
recovery and dilution, and plated into 10 cm 
culture dishes, with observing cell clone obvi-
ously. The A375 cells clones propagated in a 
96-well plate, and then were transferred to a 
6-well plate. Lastly, the loci of target genes 
were amplified with a PCR Kit (Promega) accord-
ing to the manufacturer’s instructions, followed 
by DNA sequencing. Four experimental groups 
of cells were used: Group 1 (control group, 
A375), Group 2 (empty vector group, A375/
GFP), Group 3 (H19 overexpression group, 
A375/H19+), and Group 4 (H19 knockdown, 
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A375/H19-). All experiments were performed in 
triplicate at a minimum.

MTT assay

Four groups of cells at a volume of 200 µL/well 
(approximate density: 1 × 105 cells/mL) were 
seeded onto 96-well plates. At time points of 0, 
12, 24, 48, 56, and 68 h, 20 mL MTT (working 
concentration: 5 mg/mL) was added. The opti-
cal density (OD) value of the cells was deter-
mined by spectrophotometry at a wavelength 
of 490 nm (GE Healthcare, Uppsala, Sweden).

Transwell® invasion assay

Transwell® filters (Costar, Sigma, St. Louis, MO, 
USA) were coated with Matrigel® (3.9 μg/μL, 
60-80 μL). Four groups of cells were re-sus-
pended in 100 μL serum-free RPMI-1640 medi-
um and added to the upper compartment of 
the chambers. The cells migrating from the 
Matrigel® into the pores of the inserted filter 
were fixed in 100% methanol and stained with 
hematoxylin. Positive cells in four randomly 
selected visual fields were counted.

Quantitative polymerase chain reaction 

Quantitative PCR (qPCR) was used to quantify 
differences in matrix metalloproteinase 2 
(MMP2) and MMP9 mRNA expression levels 
among the four groups. Total RNA was extract-
ed using TRIzol reagent (TaKaRa Bio Inc., 
Japan), following the manufacturer’s instruc-
tions. In this procedure, we used the prepared 
cDNA, Power SYBR Green Master Mix (Applied 
Biosystems, Cheshire, UK), and primers for 
human MMP2, MMP9, and β-actin genes 
(1:1,000, Cell Signaling Technology, Danvers, 
MA, USA). All experiments were repeated three 
times. The primer sequences used are listed in 
Table 1. Each PCR reaction contained 0.5 mL 

using the comparative cycle threshold (CT) 
method [9]. A difference in CT (ΔCT) was deter-
mined as the difference in MMP2 and MMP9 
mRNA expression levels among the different 
groups. ΔΔCT was calculated by calculating the 
difference between the A375/H19+ group and 
the other three groups. 

Western blot analysis

Total protein was extracted from the four groups 
of cells. Approximately 30 μg protein was sub-
jected to sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis followed by electro-
phoretic transfer to nitrocellulose membranes 
(Whatman, Sigma). The membranes were incu-
bated with primary antibodies against MMP2 
and MMP9 (1:800 dilution; Cell Signaling 
Technology). The antigen-antibody reaction was 
visualized using ultra-enhanced chemilumines-
cence Western blotting detection reagents 
(Sigma). Moreover, protein expression levels of 
Akt (1:1,000; Cell Signaling Technology), phos-
phorylated Akt (p-Akt) (1:1,000, Cell Signaling 
Technology), Slug, and E-cadherin (1:1,000, 
Sigma) were measured at 24 h and 48 h in 
A375/H19+ and the other three groups by 
Western blot analysis respectively. The expres-
sion of β-actin (1:5,000, Abcam, Cambridge, 
UK) was used as the internal reference. 

Effects of H19 gene on the growth of xenograft 
tumors in nude mice 

BALB/C nude mice (6-8 weeks old) from the 
National Institutes for Food and Drug Control 
Laboratory Animal Center (Beijing, China) were 
bred and kept under standard pathogen-free 
conditions. All animal studies were performed 
in accordance with institutional guidelines 
under the approved protocols by The First 
Hospital of Harbin Animal Research Ethics 
Committee (Harbin, China) and the license 

Table 1. Primer sequences

Gene Forward/
reverse Primer sequence Product 

size (bp)
MMP-2 forward 5’-TTTGACGGTAAGGACGGACTC-3’ 146

reverse 5’-TACTCCCCATCGGCGTTC-3’
MMP-9 forward 5’-CCGGACCAAGGATACAGTTTG-3’ 179

reverse 5’-TCAGGGCGAGGACCATAGAG-3’
β-actin forward 5’-TGACGTGGACATCCGCAAAG-3’ 205

reverse 5’-CTGGAAGGTGGACAGCGAGG-3’
Note: MMP: Matrix metalloproteinases.

SYBR green, 20.5 mL molecular grade 
water, 2 mL of each forward and reverse 
primer, and 2 mL cDNA. Amplification 
was performed using the following condi-
tions: 94°C for 4 min, 94°C for 20 s, 
60°C for 30 s, and 35 cycles at 72°C for 
30 s. These signals were determined at 
72°C. qPCR was performed under stan-
dard conditions, and all of the experi-
ments were conducted in triplicate. 
Relative MMP2 and MMP9 mRNA expres-
sion levels were compared among the 
four groups. qPCR data were analyzed 
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number is SCXK(Jing)2014-0004. Xenografts 
were initiated by subcutaneous injection of 2 × 
107 A375 cells in 200 μL phosphate-buffered 
saline (PBS) into the right flank near the axillary 
fossa. The mice were euthanized when the lon-
gest diameter of the tumor reached 10 mm, 
after which the tumor was aseptically dissected 

on a 1% agarose gel (Figure 1). DNA sequenc-
ing confirmed that the recombinant plasmid 
contained the H19 gene fragment. The pHBLV-
CMVIE-ZsGreen-Puro-H19 vector with a virus 
titer of 2.0 × 108 TU/mL was used to transfect 
the human melanoma A375 cells. Visualization 
of green fluorescence in the infected cells 

Figure 1. PCR products of the homeodomain overexpression lentiviral 
vector (pHBLV-CMVIE-ZsGreen-Puro) on 1% agarose gel electrophoresis.  
Expression of pHBLV-CMVIE-ZsGreen-Puro-H19 was constructed and identi-
fied by PCR with double digestion using the endonucleases EcoRI and Bam-
HI. A single fragment was visualized as a band of approximately 2.3 kDa in 
size. M: marker: Fermentas SM0331.

Figure 2. Transfection ratio of pHBLV-CMVIE-ZsGreen-Puro-H19 in A375 
cells. Expression of green fluorescence observed in A375 cells confirmed 
successful transfection. A: Untransfected A375 cells (A375); B: A375 cells 
transfected with GFP (A375/GFP); C: A375 cells transfected with pHBLV-
CMVIE-ZsGreen-Puro-H19 (A375/H19+) (magnification: 200 ×).

and mechanically minced. 
Then 2 mm3 pieces of tumor 
tissue were transplanted into 
the right flank near the axillary 
fossa of mice. Tumors were 
measured every 3 days with 
calipers. When the longest 
tumor diameter was 1.5 cm, 
mice were randomly assigned 
to one of four experimental 
groups. The weight and vol-
ume of tumors were estimat-
ed, and the inhibition rates of 
tumor growth were subse-
quently calculated. (Inhibition 
Rates) = (Mean volume of con-
trol group-Actual group mean 
volume)/Mean volume of con-
trol group × 100%.

Statistical analysis

The data were analyzed using 
SPSS software version 11.5 
(SPSS Inc., Chicago, IL, USA). 
One-way analysis of variance 
(ANOVA) was conducted to 
investigate differences within 
groups for quantitative vari-
ables, and the Dunnett’s me- 
thod was used for multiple 
comparisons. P values < 0.05 
were considered statistically 
significant, and those < 0.01 
were deemed highly signific- 
ant.

Results

Construction of the H19 over-
expression lentiviral vector 
and cell transfection

The pHBLV-CMVIE-ZsGreen-
Puro-H19 was constructed 
and identified by PCR and  
DNA sequencing. PCR analy-
sis showed a single band of 
approximately 2.3 kDa in size 
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under fluorescence optics indicated successful 
transfection (Figure 2).

Knockdown of H19 gene in A375 cells using 
CRISPR/Cas9

After knockdown of H19 in A375 cell with using 
CRISPR/Cas9, the loci of H19 genes were con-
structed and identified by PCR and DNA 
sequencing. PCR analysis showed the frag-
ments of the sixth and eighth cell clones target 
regions were deleted with larger deletions in a 
1% agarose gel, and these cell clones were 
sequenced to further detect the target frag-
ments of mutations (Figure 3). DNA sequencing 
confirmed that the positive cell clones of H19 
gene were selected. We also found that one 
allele was missing 1215 bases and the other 
allele was missing 1356 bases. 

H19 promotes the proliferation of A375 cells

To study the effects of H19 on the proliferation 
of A375 cells, the cell viability of transfected 
and untransfected A375 cells was measured at 
0, 12, 24, 48, 56, and 68 h using the MTT 
method. As shown in Figure 4 and Table 2, the 
OD value of the A375/H19+ cells was higher 
than that of the A375/GFP, A375, and A375/
H19- cells after culturing for 12 h (P < 0.05), 
and the difference was more obvious with lon-
ger culture times (P < 0.01 for 24, 48, 56, and 

68 h). No statistical differences were observed 
at various time points between the A375/GFP 
and A375 cells (P > 0.05). These results sug-
gested that H19 could promote the prolifera-
tion of A375 cells.

The effects of H19 on the invasive capacity of 
A375 cells 

We examined the effects of H19 on the invasive 
capacity of A375 cells by using the transwell 
migration assay in which transwell chambers 
were coated with Matrigel. Cells with invasive 
ability digest the Matrigel and penetrate the 8 
μm pores of the polycarbonate membrane. A 
higher number of A375/H19+ cells penetrated 
the Matrigel compared to the A375/GFP, A375, 
and A375/H19- cells (Figure 5A). The average 
penetration rate of the A375/H19+ cells (563 ± 
73) was significantly higher than that of the 
A375/GFP (314 ± 71), A375 (378 ± 62), and 
A375/H19- cells (158 ± 22) (P < 0.001). No sta-
tistical difference in the average penetration 
rate between the A375/GFP and A375 cells 
was observed (P = 0.3635, Figure 5B).

The effects of H19 on MMP2 and MMP9 ex-
pression levels

The mRNA expression levels of MMP2 and 
MMP9 increased in the transfected and 
untransfected A375 cells, as indicated by 
qPCR. Figure 6 shows that the mRNA expres-
sion level of MMP2 and MMP9 significantly 
increased in the A375/H19+ cells (0.038 ± 
0.001 and 0.004 ± 0.000). The expression was 
markedly higher than that of A375/GFP (0.027 
± 0.001 and 0.002 ± 0.000, respectively), 
A375 (0.024 ± 0.001 and 0.001 ± 0.000, 
respectively), and A375/H19- cells (0.018 ± 
0.001 and 0.001 ± 0.000, respectively) after 
48 h of transfection, with a significant differ-
ence observed between the A375/H19+ and 
A375/GFP cells (P < 0.001) and between the 
A375/H19+ and A375 cells (P < 0.001). A sig-
nificant difference was also observed between 
the A375/H19- and A375/GFP cells (P < 0.001) 
and between the A375/H19- and A375 cells (P 
< 0.001) using one-way ANOVA. However, no 
statistical difference between A375/GFP and 
A375 cells was detected (Figure 6: P > 0.05). To 
further confirm the effects of H19 on MMP2 
and MMP9 protein expression, Western blot 
analysis was performed (Figure 7A). In the 
A375/H19+ cells, MMP2 and MMP9 express- 
ion markedly increased. In addition, significant 

Figure 3. Construction of knockdown of H19 in A375 
cells using CRISPR/Cas9. PCR analysis showed the 
fragments of the sixth and eighth cell clones target 
regions were deleted with larger deletions in a 1% 
agarose gel, and these cell clones were sequenced 
to further detect the target fragments of mutations.
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differences were observed between A375/
H19+ or A375/H19- and the other two groups of 
cells (A375/H19+ vs. A375/GFP: P < 0.001 for 
MMP2, P < 0.001 for MMP9; A375/H19+ vs. 
A375: P < 0.001 for MMP2, P < 0.001 for 
MMP9; A375/H19- vs. A375/GFP: P < 0.001 for 
MMP2, P < 0.001 for MMP9; A375/H19- vs. 
A375: P < 0.001 for MMP2, P < 0.001 for 
MMP9). No statistically significant difference 
was observed between the A375/GFP and 
A375 cells (P = 0.3936 for MMP2, P = 0.3388 
for MMP9; Figure 7B).

The effects of H19 on activation of the Akt 
pathway and the epithelial-mesenchymal 
transition 

We used Western blot analysis to determine if 
H19 exerts its effects in A375 cells via the Akt 
signaling pathway (Figure 8A). Figure 8 shows 

observed between A375/H19+ and other 
groups of cells at 48 h after transfection (P > 
0.05). The epithelial-mesenchymal transition 
(EMT) regulates transcription factors including 
Slug and E-cadherin. Figure 8 shows that Slug 
significantly increased in the A375/H19+ cells, 
and was markedly higher (0.436 ± 0.020) than 
expression in the other groups of cells (A375: 
0.325 ± 0.012; A375/GFP: 0.323 ± 0.009; 
A375/H19- cells: 0.179 ± 0.022) at 48 h after 
transfection (Figure 8B: P < 0.001). Conversely, 
E-cadherin was significantly reduced in A375/
H19+ cells, and its expression (0.197 ± 0.026) 
was markedly lower than that of other groups of 
cells (A375: 0.372 ± 0.007; A375/GFP: 0.376 ± 
0.014; A375/H19- cells: 0.536 ± 0.016) at 48 h 
after transfection (Figure 8B: P < 0.001). No 
statistically significant difference in the levels 
of Slug and E-cadherin was detected between 
the A375 and A375/GFP cells at 48 h after 
transfection (P > 0.05; Figure 8B).

H19 promotes the growth of xenografts in 
nude mice in vivo

The weight and volume and tumor growth inhi-
bition rates of nude mice xenografts with the 
four cell types are listed in Table 3. Xenografts 
of A375/H19+ cells were significantly larger 
than those of A375, A375/GFP, and A375/H19- 

cells with regard to weight (P = 0.0062) and vol-
ume (P = 0.0421). No statistically significant 
difference was found in the weight and volume 
of xenografts between A375 and A375/GFP 
cells (P > 0.05). Furthermore, xenografts of 
A375/H19+ cells were significantly smaller than 
those of A375, A375/GFP, and A375/H19- cells 
with regard to tumor growth inhibition rates (P < 

Figure 4. Comparison of OD values among the four groups of A375 cells by 
the MTT assay. The OD value of A375/H19+ cells was higher than that of 
A375/GFP, A375, and A375/H19- cells at 24, 48, 56, and 68 h after trans-
fection (P < 0.01).

Table 2. OD of the four groups of A375 cells fol-
lowing culture for 12, 24, 48, 56, and 68 h

Optical density 
0 h 12 h 24 h 48 h 56 h 68 h

Group 1 0.312 0.391 0.560 0.721 0.874 0.977
Group 2 0.309 0.387 0.553 0.704 0.859 0.960
Group 3 0.319 0.409 0.607 0.814 0.997 1.136
Group 4 0.309 0.377 0.514 0.623 0.737 0.812
P1vs2 0.798 0.898 0.824 0.717 0.841 0.937 
P1vs3 0.174 0.041 0.005 0.003 0.002 0.007
P1vs4 0.734 0.136 0.005 0.002 0.001 0.005
Statistical difference was analyzed with the paired-samples 
t-test from 12 h to 68 h. The OD value of the A375/H19+ cells 
was higher than that of the A375/GFP, A375, and A375/H19- 
cells after culturing for 12 h (P < 0.05), and the difference 
was more apparent with longer culture times (P < 0.01 for 24, 
48, 56, and 68 h).

that the level of p-Akt signifi-
cantly increased in the A375/
H19+ cells, and was markedly 
higher (0.575 ± 0.08) than 
that in the other three groups 
of cells (A375: 0.348 ± 0.017; 
A375/GFP: 0.357 ± 0.014; 
A375/H19-: 0.122 ± 0.033) at 
48 h after transfection, with a 
significant difference detect-
ed between A375/H19+ and 
A375/GFP or A375 cells, and 
between A375/H19- and A3- 
75/GFP or A375 cells (Figure 
8B: P < 0.001 and P < 0.001, 
respectively). No statistically 
significant difference in Akt 
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0.001). No statistically significant difference 
was found regarding the inhibition rates of 
xenografts between A375 and A375/GFP cells 
(P > 0.05). These results suggested that H19 

tion of A375 cells. H19 is a maternally imprint-
ed gene located at chromosome 11p- 
15.5 that encodes a 2.3 kb lncRNA, which was 
widely studied in cancer biology even before 

Figure 5. Transwell invasion assay shows the penetration rates of the four 
groups of A375 cells. More cells penetrated the Matrigel in the A375/H19+ 

group compared to the A375/GFP, A375, and A375/H19- groups (A: a: A375 
cells; b: A375/GFP cells; c: A375/H19+ cells; d: A375/H19- magnification: 
400 ×); B. The average penetration rate/cell number of A375/H19+ cells 
was significantly higher than that of the A375/GFP, A375, and A375/H19- 
cells (P < 0.001).

Figure 6. Effects of H19 on MMP2 and MMP9 mRNA expression. MMP2 and 
MMP9 mRNA expression was examined by qPCR. MMP2 and MMP9 mRNA 
expression was markedly increased in the A375/H19+ cells, with a signifi-
cant difference observed between the A375/H19+ and A375/GFP cells (P 
< 0.001) and between the A375/H19+ and A375 cells (P < 0.001). A signifi-
cant difference was also detected between the A375/H19- and A375/GFP 
cells (P < 0.001) and between the A375/H19- and A375 cells (P < 0.001) 
using one-way ANOVA.

promoted the growth of xeno-
grafts in nude mice in vivo.

Discussion

CM is one of the most poten-
tially dangerous forms of mel-
anoma, accounting for appro- 
ximately 90% of skin cancer-
related deaths [10]. The 5- 
and 10-year relative survival 
rates for melanoma patients 
are 91% and 89%, respective-
ly [11]. CM is a malignancy 
with one of the highest dis-
semination potentials to dis-
tant organ sites, including the 
lung, liver, and brain [12]. Th- 
us, once melanoma metasta-
sizes, prognosis is often poor, 
and therapeutic options are 
limited. In addition, the prog-
nosis of CM is poor because 
some factors are strongly cor-
related with tumor cell prolif-
eration and invasion. In recent 
years, special attention has 
been paid to long non-coding 
RNA (lncRNA) H19 and its par-
ticipation in the migration pro-
cess of cancer cells. Therefore, 
in this study, H19 was chosen 
as a novel biological marker to 
explore its roles in the prolif-
eration and invasion of me- 
lanoma.

First, we observed the effects 
of H19 on the proliferation of 
A375 cells. The MTT assay 
showed that the OD value of 
A375/H19+ cells was marked-
ly higher than that of A375/
GFP, A375, and A375/H19- 
cells after culturing for 12 h, 
and the difference was more 
apparent with longer cultu- 
re times. Knockdown of H19 
using a targeted CRISPR re- 
duced A373 cell proliferation. 
These results suggest that 
H19 promotes the prolifera-
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lncRNAs had gained the attention of cancer 
researchers. Some researchers have found 
that H19 overexpression contributes to cell 
proliferation through the upregulation of miR-
675, which results in induction of the angiogen-
esis inhibitor ISM1 and calcium-binding protein 
CALN1 genes [13]. Furthermore, recent emerg-
ing studies have suggested dual roles for H19 
as a tumor suppressor and oncogene [14]. Zhu 
et al. [15] found that the ectopic expression of 
H19 increased ovarian cancer cell prolifera-
tion. Feng et al. [16] also demonstrated that 
ectopic expression of H19 increased cell prolif-
eration, whereas H19 siRNA treatment contrib-
uted to cell apoptosis in AGS human gastric 
cancer cell lines. However, some researchers 
have found that H19 functions as a tumor sup-
pressor in some Wilms’ tumors, embryonic 
rhabdomyosarcoma, and the Beckwith-Wied- 
mann cancer predisposing syndrome [17]. 
These reports indicate that H19 may serve as a 
therapeutic target for tumors.

We also examined the effects of H19 on the 
invasive ability of A375 cells by conduct- 

suppressor depending on the context. Some 
researchers have found that aflatoxin B1 pro-
motes cell growth and invasion in hepatocellu-
lar carcinoma HepG2 cells through its actions 
on H19 and E2F1 [19]. Conversely, others have 
demonstrated the tumor suppressor function 
of H19 in vivo using three different mouse mod-
els of tumorigenesis [20]. Moreover, some 
researchers have found that inhibition of 
lncRNA H19 and miR-675 promotes migration 
and invasion of human HCC cells by activating 
the Akt/GSK-3β/Cdc25A signaling pathway 
[21].

To explore the mechanism underlying the ability 
of H19 to promote the invasion of A375 cells, 
the levels of MMP2 and MMP9 expression were 
examined by qPCR and Western blot analyses. 
The results showed that H19 upregulated both 
the mRNA and protein expression of MMP2 and 
MMP9 in A375 cells, and H19 knockdown sup-
pressed their expression of MMP2 and MMP9 
as well as the invasive ability of the A375 cells. 
MMPs are a family of enzymes that degrade the 
extracellular matrix. The activation of these 
enzymes provides tumor cells access to the 

Figure 7. Effects of H19 on MMP2 and MMP9 protein expression. A. MMP2 
and MMP9 protein expression was examined by Western blot analysis. B. 
MMP2 and MMP9 expression was markedly increased in A375/H19+ cells, 
with significant differences observed between the A375/H19+ or A375/H19- 
and the other two groups of cells (P < 0.001). There were four specimens 
in every group: A375/H19- (lanes 4-1 and 4-2); A375/H19+ (lanes 3-1 and 
3-2); A375/GFP (lanes 2-1 and 2-2); A375 (lanes 1-1 and 1-2).

ing transwell migration assa- 
ys. We observed that a higher 
number of A375/H19+ cells 
penetrated the Matrigel com-
pared to A375/GFP, A375, and 
A375/H19- cells. The average 
penetration rate of A375/H19+ 
was higher than that of the 
A375/GFP, A375, and A375/
H19- cells. Knockdown of H19 
using a targeted CRISPR su- 
ppressed A375 cell invasion 
ability. These findings indicat-
ed that overexpression of H19 
promoted the invasion of A375 
cells. Previous studies have 
demonstrated that lncRNA 
H19 can act as a molecular 
‘sponge’ for miR-let-7b, which 
inhibits the activity of let-7b 
and increases the mRNA and 
protein expression of high-mo- 
bility group proteins including 
c-Myc, Dicer, and Imp3, there-
by inducing cell metastasis 
and invasion in ovarian cancer 
[18]. The role of H19 in tumori-
genesis is controversial, as it 
has been described as either 
protumorigenic or as a tumor 
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vasculature, allows them to invade target 
organs, and facilitates metastases. Although 
MMP2 and MMP9 are associated with various 
types of cancers, the mechanisms underlying 
their upregulation remain unclear.

We further examined whether H19 plays an 
important role in A375 cells via the Akt path-
ways and the EMT by conducting Western blot 
analyses. We found that H19 overexpression 
led to the upregulation of Slug and p-Akt and 
the downregulation of E-cadherin, whereas  
the opposite results were observed with H19 
knockdown. It has been demonstrated that the 
levels of p-Akt significantly decreased in the 
presence of H19 siRNA in the transcriptome  
of the livers of diabetic db/db mice [22]. 
Furthermore, an increase of p-Akt, which pro-
motes cell malignancy and metabolic regula-
tion [23], suggests that overexpression of H19 

the possibility that H19 lncRNA can induce 
these EMT transcription factors is an attractive 
option to explore [26]. Indeed, we showed that 
Slug induction was largely dependent on H19 
RNA in this study. Other researchers have 
shown that H19 upregulates Slug expression 
through a mechanism that involves miR-675 in 
different glioma datasets, which is accompa-
nied by the suppression of the Slug target 
E-cadherin [27]. It has also been shown that 
knockdown of H19 results in a concomitant 
decrease of Slug and increase in the expres-
sion of the epithelial cell surface marker 
E-cadherin, although H19 promoted tumor cell 
migration and invasion by sponging let-7 [28]. 
Therefore, we speculated that H19 could 
enhance Akt phosphorylation and directly sup-
press E-cadherin and induce Slug to promote 
A375 cell invasion. Lastly, we found that the 
weight and volume of xenografts in nude mice 

Figure 8. Effects of H19 on activation of the Akt pathway and Slug/E-cadherin 
expression. A. Protein expression of Akt, p-Akt, Slug, and E-cadherin were as-
sessed by Western blot analysis. B. Expression of p-Akt in A375/H19+ cells 
at 48 h after transfection was significantly different between A375/H19+ 
and A375/GFP or A375 cells, and between A375/H19- and A375/GFP or 
A375 cells (P < 0.001; P < 0.001, respectively). B. Expression of Slug in 
A375/H19+ cells was markedly higher than that in the other three group 
cells at 48 h after transfection (B: P < 0.001). B. Expression of E-cadherin in 
the A375/H19+ cells was markedly lower than that in the other three group 
cells at 48 h after transfection (B: P < 0.001). There were four specimens in 
every group: A375/H19- (lanes 4-1 and 4-2); A375/H19+ (lanes 3-1 and 3-2); 
A375/GFP (lanes 2-1 and 2-2); A375 (lanes 1-1 and 1-2).

constitutively activates Akt in 
A375 cells. In addition, EMT is 
envisioned as the loss of epi-
thelial status and sustained 
apico-basal polarity on cell-
cell adhesion molecules to 
gain mesenchymal traits. EMT 
transcription factors include 
Slug, ZEB1, and Twist1. This 
transition includes the upreg-
ulation and downregulation of 
different proteins responsible 
for the profound cellular reor-
ganization, resulting in the ac- 
quisition of enhanced migra-
tory and invasive properties 
[24]. Although the number of 
studies on the tumor analyses 
of EMT markers is consider-
able, most common altera-
tions studied within human 
tumor samples have been 
related to the loss or aberrant 
expression of proteins req- 
uired to maintain the epitheli-
al phenotype and usually 
involved in cell-cell adhesion, 
with E-cadherin being one of 
the strongest markers routine-
ly used in the clinic for cancer 
diagnosis or progression [25]. 
Because EMT transcription 
factors transcriptionally re- 
press the E-cadherin protein, 
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in the H19 overexpression group were signifi-
cantly higher than those of xenografts with 
untransfected cells, but the tumor growth inhi-
bition rate was lower. These results indicate 
that H19 overexpression can promote the pro-
liferation, invasion, and growth of A375 cells.

The results of this study showed that H19 pro-
motes cell proliferation and invasion; these 
findings may be utilized for determining the bio-
logical functions of H19 in melanoma. One limi-
tation of this study is that the effects of H19 in 
patients with melanoma were not included. In 
the future, we plan to collect and examine clini-
cal samples to confirm the role of H19 in the 
proliferation and invasion of melanoma. It may 
also be helpful to determine if H19 may be use-
ful as a novel molecular target for the treat-
ment of this disease.

In conclusion, H19 overexpression promoted 
the proliferation, invasion, and growth of A375 
cells. Moreover, H19 upregulated the mRNA 
and protein expression levels of MMP2 and 
MMP9 in A375 cells, which in turn promot- 
ed cell invasion. Furthermore, H19 enhanced  
Akt phosphorylation and directly suppressed 
E-cadherin and induced Slug to promote A375 
cell invasion.
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