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Abstract: H19 is involved in tumor metastasis and associated with tumor progression. Enhancer of zest homolog 2 
(EZH2) is overexpressed in multiple cancer types and correlates with tumor proliferation, epithelial-mesenchymal 
transition, and poor prognosis. However, the interaction between H19 and EZH2 to promote tongue squamous cell 
carcinoma (TSCC) progression remains largely uncharacterized. Insitu hybridization and quantitative reverse-tran-
scription PCR (qRT-PCR) were performed to measure H19 expression in primary TSCC and adjacent normal tissues 
and cell lines. EZH2 expression was determined by immunohistochemistry in matched primary TSCC and adjacent 
normal tissues. The correlation between H19 and EZH2 expression and clinicopathological characteristics were 
analyzed. The roles of H19 in cell proliferation, apoptosis, and invasion were analyzed using a H19-targeted lentivi-
rus. Western blot and qRT-PCR were carried out to detect downstream signal pathway changes. Expression levels of 
downstream signaling proteins in primary TSCC tissues and adjacent normal tissues were analyzed by immunohisto-
chemistry. H19 and EZH2 were upregulated in TSCC tissues compared to matched normal tissues, and significantly 
correlated with WHO grade, lymph node metastasis, and poor prognosis. H19 silencing attenuated cell proliferation, 
apoptosis, and invasion in vitro. H19 knockdown inhibited the activation of β-catenin/GSK-3β/cyclin D1/c-myc, up-
regulated E-cadherin and zonula occludens-1 (ZO-1), and inhibited N-cadherin, vimentin, Snail1, Twist1, and ZEB1. 
Silencing H19 expression also inhibited tumor progression and lung metastasis in an animal model. Our findings 
indicate that H19 promotes TSCC progression through association with EZH2, and affects downstream β-Catenin/
GSK3β/EMT signaling, suggesting that H19 inhibition might be a potential target for the treatment of TSCC.
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Introduction

Tongue squamous cell carcinoma (TSCC) is one 
of the most common invasive and lethal malig-
nant tumors, causing approximately 400,000 
patient fatalities worldwide [1-3]. Despite tre-
mendous advancements in therapeutic strate-
gies for oral cancer (including surgery, chemo-
therapy and radiotherapy) over the past de- 
cades, the 5-year overall survival rate has not 
yet improved [4, 5]. Cervical lymph node metas-
tasis is the most prevalent factor affecting can-
cer recurrence and poor prognosis in patients 
[6, 7]. Therefore, it is essential to reveal the 
underlying mechanisms and explore new bio-

markers and therapeutic targets involved in 
tumor metastasis in TSCC.

There is increasing evidence that the abnormal 
expression of long non-coding RNAs (lncRNAs) 
play pivotal roles in carcinogenesis and cancer 
metastasis [8-11]. A better understanding of 
the aberrant expression of lncRNAs can provide 
molecular-level information that can inform 
diagnosis and therapy in TSCC. Several studies 
have shown that the aberrant expression of 
H19 is closely associated with tumor progres-
sion [12, 13] in various cancer types, including 
bladder cancer [14, 15], breast cancer [16], 
colorectal cancer [17, 18], esophageal squa-
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mous cell carcinoma (ESCC) [19], gastric can-
cer [20], hepatocellular carcinoma (HCC) [21, 
22], ovarian carcinoma [23, 24], pancreatic 
cancer [25] and prostate cancer [26]. 

EZH2 is a core component of the polycomb 
repressive complex 2 (PRC2), which can epige-
netically regulate gene expression [27]. Pre- 
vious studies have illustrated that aberrant 
EZH2 expression often correlates with adv- 
anced stages and poor prognosis in multiple 
cancer types [28-30]. In addition, the upregula-
tion of EZH2 can enhance tumor proliferation, 
EMT, and metastasis, which results in poor 
prognosis [31-33]. 

β-catenin is a significant component of the 
Wnt/β-catenin signaling pathway, which has 
been demonstrated to regulate cell prolifera-
tion, differentiation and invasion [34, 35]. 
Increasing evidence indicates that the abnor-
mal activation of β-catenin is a common phe-
nomenon in a range of cancers [36]. 

However, whether H19 is involved in the aber-
rant expression of EZH2, and the activation of 
β-catenin in TSCC, remains unknown. This 
study aimed to investigate the expression and 
function of H19 and EZH2 in TSCC. We also 
explored the relationship between H19, EZH2 
and β-catenin in TSCC, seeking a potential ther-
apeutic target for TSCC.

Materials and methods

Tissue specimens

123 TSCC tissues and 50 adjacent non-tumor 
tissues were respectively collected in this 
study. The patients were histopathologically 
diagnosed and verified at the Sun Yat-sen 
Memorial Hospital, Sun Yat-sen University from 
2009 to 2015. Each TSCC tissue and adjacent 
non-cancerous tissue were obtained from re- 
sected tumors and adjacent non-cancerous 
tongue tissue, respectively. None of the pa- 
tients had undergone chemotherapy or radio-
therapy prior to surgery. This study was app- 
roved by the local ethics committee (Sun Yat-
sen Memorial Hospital, Sun Yat-sen University); 
each patient signed a written informed 
consent.

Cell lines and cell cultures

Six human TSCC cell lines-Cal27, SCC9, SCC15, 
SCC25, Tca8113, and UM1-were used in this 
study. Tca8113 was purchased from Shanghai 

Jiaotong University and UM1 is available in our 
lab. The other five cells were obtained from the 
American Type Culture Collection (ATCC, 
Manassas, VA, USA) and human oral keratino-
cytes (ScienCell Research Laboratories, Car- 
lsbad, CA, USA) were used as normal control. 
All cell lines were grown in Dulbecco’s modified 
Eagle medium (Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum. 
For all TSCC cell lines, 1% penicillin/streptomy-
cin was added to the culture medium and all 
were cultured at 37°C in a humidified atmo-
sphere containing 5% CO2.

RNA extraction, reverse transcription, and 
quantitative reverse-transcription polymerase 
chain reaction

Total RNA was extracted from fresh surgical 
tongue tissues and cells using the Trizol reagent 
(Invitrogen), and reverse transcription (RT) was 
performed using the Prime ScriptTM RT reagent 
kit according to the manufacturer’s instructions 
(Takara Biotechnology, Shiga, Japan). RT-PCR 
products were analyzed via 2.0% agarose gel 
electrophoresis and stained with ethidium bro-
mide for visualization using ultraviolet light. 
qRT-PCR was performed using the Light Cycler 
Real Time PCR System (Roche Diagnostics, 
Basel, Switzerland).

Insitu hybridization (ISH)

The ISH assay was performed according to the 
manufacturer’s procedures (Exiqon, Vedbaek, 
Denmark). Briefly, after demasking, H19 was 
hybridized to 5’-DIG-labeled LNATM probes. 
Then, the digoxigenins were recognized by a 
specific anti-DIG antibody that is directly conju-
gated with alkaline phosphatase. The nuclei 
were counterstained with hematoxylin.

Lentivirus infection

Lentivirus against H19 and negative control 
were synthesized and purchased from Gene- 
Pharma Company (GenePharma, Shanghai, 
China). Lentiviral production and transduction 
were performed according to the manufactur-
er’s instructions. Gene silencing efficiency was 
detected by qRT-PCR after infection for 48 h.

Cell proliferation and cell apoptosis assay

Cells were seeded in 96-well plates and then 
infected with lentivirus against H19 or NC. Cell 
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proliferation assays were performed every 24 h 
using CCK-8 (Dojindo Molecular Technologies, 
Kumamoto, Japan) according to the manufac-
turer’s instructions. Cells were harvested and 
stained using an Annexin V-FITC apoptosis 
detection kit according to the manufacturer’s 
protocols. Stained cells were analyzed immedi-
ately by flow cytometry. Cells were analyzed by 
FACS Calibur and Flowjo software (BD Bio- 
sciences, Franklin Lakes, NJ, USA).

Transwell assay

The invasion Transwell assay was performed in 
24-well plates containing 8-mm membrane fil-
ter inserts (Corning Inc., Corning, NY, USA) coat-
ed with Matrigel (BD Biosciences) according to 
the manufacturer’s instructions. A total of 1 × 
105 cells was added to the upper chamber and 
600 μl medium was added in the lower cham-
ber. The plates were incubated for 18 h, and 
the cells that entered the bottom chamber 
were fixed with 4% paraformaldehyde, stained, 
and counted.

RNA immunoprecipitation

RNA immunoprecipitation (RIP) was performed 
to detect the interaction between H19 and 
EZH2. Briefly, the EZH2 antibody was used 
(Abcam, Cambridge, MA, USA) to precipitated 
EZH2, and co-precipitated RNAs were detected 
by RT-PCR. The isotype IgG was used as con- 
trol. The primers for detecting H19 was: 
Forward: 5’-ACTGCACTACCTGACTCAGGAAT-3’; 
reverse: 5’-AAGAGACAGAAGGATGAAAAAGA-3’.

Western blotting

Cellular protein extracts were prepared using 
lysis buffer containing protease inhibitor cock-
tail and phenylmethylsulfonyl fluoride. Equal 
quantities of protein extracts were separated 
on 10% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE). Proteins were 
transferred to polyvinylidene difluoride (PVDF) 
membranes (Amersham Pharmacia Biotech, 
Little Chalfont, UK), which were then probed 
with antibodies against E-cadherin, N-cadherin, 
ZO-1, vimentin, cyclin D1 and c-Myc (Santa 
Cruz); EZH2, p-β-catenin, p-GSK-3β (Cell Sig- 
naling, Danvers, MA, USA), and GAPDH (Pro- 
teintech, Wuhan, China), respectively. The me- 
mbranes were then treated with the peroxi-
dase-conjugated secondary antibody, (Prot- 
eintech) and the signals were visualized using 
an enhanced chemiluminescence kit (GE, 
Fairfield, CT, USA) according to the manufac-

turer’s instructions. GAPDH was used as a load-
ing control.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on 
paraffin-embedded normal human tongue tis-
sues as well as on various differentiated stage 
cancer tissue sections to evaluate the expres-
sion of E-cadherin, vimentin, β-catenin, and 
EZH2. For negative controls, isotype-matched 
antibodies were applied. Diaminobenzidine tet-
rahydrochloride (DAB) was used as a chromo-
gen. All slices were then counterstained with 
hematoxylin and observed under a Zeiss AX10-
Imager A1 microscope (Carl Zeiss, Thornwood, 
NY), and all images were captured using 
AxioVision 4.7 microscopy software (Carl Zeiss, 
Thornwood, NY).

Tumor xenograft model

A total of 1 × 106 UM1 or UM1-shH19 cells were 
injected subcutaneously into the armpit of 
5-week-old BALB/c-nu mice. After tumors were 
detected, the tumor size was measured and 
calculated using the following equation: volume 
(mm3) = length × width2 × 0.5. Tumor xeno-
grafts, as well as whole lung tissues, were then 
harvested and weighed. The lung tissues were 
snap-frozen in liquid nitrogen, and cryosections 
(5 μm) were stained with hematoxylin and eosin 
(H&E). These procedures were approved by the 
Sun Yat-sen University Animal Care and Use 
Committee.

Statistical analysis

All data were analyzed with one-way analysis of 
variance using GraphPad software (Prism 6.0). 
Each experiment was repeated three times, 
with all the data presented as the mean ± stan-
dard deviation. Comparisons were performed 
with student’s t-test and one-way ANOVA and 
correlation analysis was evaluated with Pearson 
correlation analysis. Survival curves were plot-
ted by the Kaplan-Meier method and compared 
using the log-rank test. P<0.05 was considered 
statistically significant in all cases.

Results

Relationship between H19 expression and 
clinical pathological characteristics in TSCC 
patients 

To investigate H19 expression status in tongue 
tissues, ISH was performed in TSCC tissues 
with and without metastasis, as well as adja-
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cent normal tissue. The staining results showed 
that the expression level of H19 was much 
higher in TSCC tissue than in adjacent normal 
tongue tissue; in particular, TSCC with metasta-
sis exhibited higher levels of H19 expression 
than that TSCC tissues without metastasis 
(Figure 1A). Furthermore, the expression of 
H19 by qRT-PCR was measured in 50 matched 

Downregulation of H19 attenuated TSCC can-
cer cell proliferation, apoptosis, and invasion 
in vitro

To understand the effect of H19 in the progres-
sion of TSCC, the H19 expression profile was 
examined in six TSCC cell lines. Human oral 
keratinocytes were used as the normal control. 

Figure 1. LncRNA H19 was overexpressed in TSCC tissues and significantly 
associated with poor prognosis. A. Insitu hybridization was performed to de-
tect H19 expression in TSCC tissues with and without metastasis and in adja-
cent tongue tissues. The carcinoma with metastasis had a higher expression 
of H19 than that in the carcinoma without metastasis. B. The relative expres-
sion of H19 was examined by qRT-PCR in 50 TSCC tissues and matched 
adjacent non-cancerous tissues. The relative gene expression was normal-
ized to that of GAPDH. C. The relative expression of H19 was much higher at 
advanced pathological stages in TSCC patients. D. The relative expression of 
H19 was analyzed in tissues from TSCC patients with or without lymph node 
metastasis. E. Kaplan-Meier overall survival curves were generated for pa-
tients with different H19 expression levels. The higher expression of H19 had 
a much shorter lifespan. Data represent the mean ± SD. #P<0.05, ##P<0.01, 
###P<0.001.

pairs of fresh adjacent non-
cancerous and TSCC tissue 
samples. The expression level 
of H19 was notably higher in 
tumor tissues than in mat- 
ched adjacent non-cancerous 
tissues (P<0.0001, Figure 
1B). To explore the associa-
tion between H19 expression 
and clinicopathological fea-
tures, 123 patient TSCC tis-
sues were determined. We 
observed that the H19 ex- 
pression level was gradually 
increased in TSCC patients 
according with WHO stage 
(P=0.008, P=0.013, Figure 
1C). H19 expression level was 
also upregulated in late-stage 
tumor tissues. In addition, the 
H19 expression level was 
positively associated with 
lymph node metastasis sta-
tus (P=0.035, Figure 1D). 

To further explore the prog-
nostic value of H19 in patient 
survival, 123 TSCC patients 
were divided into two groups 
according to H19 expression 
levels (high expression and 
low expression), and the cor-
relation between H19 expres-
sion level and overall survival 
was evaluated through Kap- 
lan-Meier analysis and log 
rank test. As shown in Figure 
1E, the overall survival time 
varied significantly between 
patients with high and low 
H19 expression, with the low 
H19 expression group having 
longer overall survival times, 
compared with those with 
high expression levels of H19 
(P<0.001).
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The results of RT-PCR analysis revealed that 
the mRNA expression levels of H19 were 
increased in all six TSCC cell lines, compared 
with human oral keratinocyte cells, and that 
UM1 exhibited the highest expression of H19 
(Figure 2A). This finding is consistent with 
results from our qRT-PCR analysis (Figure 2B).

To further investigate the function of H19 in 
TSCC progression, two lentiviruses against H19 
(shH19-1 and shH19-2) and negative control 
(sh-NC) were designed, synthesized, and infect-
ed into UM1 cells, respectively. As shown in 
Figure 2C, cells infected with two different 
shH19s both showed a significant (>80%) 
decrease in the mRNA expression of H19 com-
pared to the sh-NC group (P=0.0056). CCK-8 
assays were performed to detect cell prolifera-
tion ability; the results revealed that cell growth 
was suppressed in UM1 cells infected with 
shH19 lentiviruses compared with the sh-NC 
group (Figure 2D). The apoptotic rate of cells 
infected with shH19 lentiviruses was notably 
elevated, compared with the sh-NC group 
(P=0.0061, Figure 2E). In addition, an invasion 
assay was carried out to analyze the role of 
H19 in cell invasion capability, and the results 
showed that UM1 cells infected with shH19 len-
tiviruses were significantly less migratory than 

cells infected with sh-NC (P=0.0008, Figure 
2F).

Silencing H19 blocked β-catenin/GSK-3β 
activation, attenuated EZH2, cyclin D1, c-Myc, 
and mesenchymal markers, and enhanced 
epithelial marker expression in TSCC cells

It has been previously reported that H19 can 
interact with EZH2 and cause the upregulation 
of EZH2 in bladder cancer [14]. To determine 
the association between H19 and EZH2 in 
TSCC, RNA immunoprecipitation (RIP) was car-
ried out in UM1 cells. Using an antibody specifi-
cally targeted to EZH2 to precipitate the com-
plex, followed by qRT-PCR with specific primer, 
H19 was detected; as in addition, the total RNA 
input was also measured. However, no interac-
tion was observed between the isotype anti-
body and H19 (Figure 3A). Meanwhile, it has 
been well established that EZH2 overexpres-
sion is associated with Wnt/β-catenin/GSK-3β 
phosphorylation, leading to tumor cell cycle 
dysfunction, oncogenic gene activation, and 
tumor invasion and metastasis [36, 37]. Our 
results revealed that the overexpression of H19 
significantly accelerated TSCC cell prolifera-
tion, apoptosis, and invasion ability. However, 
the underlying mechanism was unclear. To 

Figure 2. Downregulation of H19 inhibited malignant potential in UM1 cells. A. RT-PCR was performed to detect H19 
mRNA expression in six TSCC cell lines and in human oral keratinocyte cells. The high invasive ability cancer cell 
line UM1 had a much higher expression profile of H19 in TSCC cell lines. B. H19 mRNA expression was examined 
by qRT-PCR in six TSCC cell lines and in human oral keratinocyte cells. C. UM1 cells were infected with lentivirus 
shH19 or sh-NC and the interference efficiency was measured by qRT-PCR. D. The percentage of apoptotic cells 
infected with lentivirus containing shRNA against H19 or NC were detected by flow cytometric analysis of annexin V/
PI staining. E. Apoptosis rate was evaluated by counting the percentage of early apoptotic and late apoptotic cells. 
F. Silencing of H19 suppressed the proliferation of UM1 cells in vitro. The CCK-8 assay was carried out to determine 
cell growth. G. The Transwell invasion assay was performed to detect motility in UM1 cells. UM1 cells infected with 
sh-H19 exhibited lower invasive capacity compared with those infected with sh-NC. Data are representative of three 
independent experiments and represent the mean ± SD. #P<0.05, ##P<0.01, ###P<0.001.



H19 promotes TSCC progression

3480	 Am J Transl Res 2017;9(7):3474-3486

investigate the downstream signaling status, 
western blot was performed to detect the acti-
vation of β-catenin and the phosphorylation of 
GSK-3β, cyclin D1, and c-myc. The results 
showed that silencing H19 severely inhibited 
the activation of β-catenin and GSK-3β, as well 
as the cell cycle genecyclin D1 and the onco-
genic gene c-Myc (Figure 3B). The EMT signal 
pathway expression status was also measured 
by western blot; the data indicate that when 
H19 expression is knocked down, epithelial 
markers (E-cadherin and ZO-1) are upregulated 
and mesenchymal markers (N-cadherin and 
vimentin) are downregulated (Figure 3C). qRT-

ples were used to measure the expression of 
EZH2 by qRT-PCR. We found that EZH2 expres-
sion levels was notably elevated in cancer tis-
sues compared to levels in matched adjacent 
non-cancerous tissues (P=0.0051, Figure 4B). 
Furthermore, EZH2 expression was elevated  
in TSCC patients in line with WHO stage, and 
was predominantly upregulated in late-stage 
tumor tissues (P=0.028, P=0.037, Figure 4C). 
Additionally, EZH2 expression level was closely 
associated with lymph node metastasis (P= 
0.019, Figure 4D). We also analyzed the corre-
lation between EZH2 expression and clinico-
pathological features using Kaplan-Meier anal-

Figure 3. Silencing of H19 affected the expression levels of EZH2/β-catenin/
GSK-3β/EMT. A. RNA immunoprecipitation was performed to analyze the 
interaction between H19 and EZH2. Total RNA input and isotype antibody 
were used as positive and negative control, respectively. After immunopre-
cipitation, the expression of H19 was detected by qRT-PCR in input, isotype 
and anti-EZH2 antibody groups. The antibody against EZH2 canimmunopre-
cipitate H19. B. The expression of EZH2, activated β-catenin, phosphorylated 
GSK-3β, cyclin D1, and c-myc were significantly decreased upon silencing 
H19 expression, as measured by western blot. C. Knockdown of H19 sup-
pressed N-cadherin and vimentin expression, while upregulated E-cadherin 
and ZO-1 measured by western blot. D. The mRNA expression level of EMT 
markers (E-cadherin, ZO-1, N-cadherin and vimentin) and EMT promoting 
transcriptional factors (Snail1, Twist1 and ZEB1) were detected by qRT-PCR 
after silencing of H19. Data are representative of three independent experi-
ments and represent the mean ± SD. #P<0.05, ##P<0.01.

PCR was used to evaluate the 
expression of transcriptional 
factors that positively promot-
ed tumor cell EMT, and we 
found that Snail1, Twist1, and 
ZEB1 were downregulated 
when silencing H19 expres-
sion. In addition, knockdown 
H19 expression can also att- 
enuate N-cadherin and vim- 
entin expression and acceler-
ate E-cadherin and ZO-1 
expression at the mRNA level 
(Figure 3D).

Association between EZH2 
expression and clinical 
pathological characteristics 
in TSCC patients 

Our results implied that H19 
modulated EZH2 expression 
in TSCC cells; we therefore 
examined the expression of 
EZH2 in TSCC tissue with and 
without metastasis, as well as 
in adjacent normal tissue. 
Results from IHC staining 
showed that EZH2 expression 
levels were much higher in 
TSCC tissues than in adjacent 
normal tongue tissue. More- 
over, TSCC tissue with metas-
tasis exhibited higher EZH2 
expression levels than did 
TSCC tissues without me- 
tastasis (Figure 4A). Further- 
more, 50 matched pairs of 
fresh adjacent non-cancer- 
ous and TSCC tissue sam- 



H19 promotes TSCC progression

3481	 Am J Transl Res 2017;9(7):3474-3486

ysis and the logrank test in 123 TSCC tissues. 
As shown in Figure 4E, the length of overall sur-
vival time varied significantly different between 
patients with high and low EZH2 expression 
(P<0.001), with the low EZH2 expression group 

essed its effect on tumor growth and metasta-
sis in vivo. H19 was stably inhibited in UM1 
cells by infection with lentivirus containing 
shRNA against H19. As shown in Figure 6A and 
6B, knockdown of H19 expression significantly 

Figure 4. EZH2 was upregulated in TSCC tissues and closely associated with 
poor prognosis. A. Immunohistochemistry was performed to detect the ex-
pression of EZH2 in TSCC tissues with and without metastasis, and in ad-
jacent normal tongue tissues. The carcinoma with metastasis had a higher 
expression of EZH2 than that in the carcinoma without metastasis. B. The 
relative expression of EZH2 was examined by qRT-PCR in 50 TSCC tissues 
and matched adjacent non-cancerous tissues. The relative gene expression 
was normalized to GAPDH. C. The relative expression of EZH2 was much 
higher at advanced pathological stages in TSCC patients. D. The relative ex-
pression of EZH2 was analyzed between TSCC patients with or without lymph 
node metastasis. E. Kaplan-Meier overall survival curves were generated 
for patients with different EZH2 expression levels. The higher expression of 
EZH2 had a much shorter lifespan. Data represent the mean ± SD. #P<0.05, 
##P<0.01, ###P<0.001.

having a longer overall surviv-
al time, compared to the high-
level EZH2 expression group.

Correlation among H19, 
β-catenin, EZH2, and EMT 
marker expression in TSCC 
patients

To confirm the correlation 
among H19, EZH2, β-catenin 
and the progression of tongue 
cancer, the expression of 
β-catenin and EMT markers, 
E-cadherin and vimentin were 
examined in TSCC tissues 
with and without metastasis 
and in adjacent normal tissue 
using IHC. As shown in Figure 
5A, TSCC tissue with metas-
tasis expressed much higher 
levels of β-catenin and vim- 
entin, but lower levels of 
E-cadherin, than TSCC tissue 
without metastasis, compa- 
red to the normal tongue tis-
sues (Figure 5A). To further 
illustrate the relationship be- 
tween H19, EZH2, and E-ca- 
dherin, the correlations abo- 
ve were analyzed by Person 
analysis; we found a strong 
positive correlation between 
H19 and EZH2 (P=0.0005, 
R=0.553, Figure 5B), nega-
tive correlation between H19 
and E-cadherin (P=0.0038, 
R=-0.402, Figure 5C), and 
negative correlation between 
EZH2 and E-cadherin (P= 
0.0016, R=-0.435, Figure 
5D). 

Silencing H19 expression 
attenuates tumor growth and 
metastasis of TSCC in vivo

Because knockdown of H19 
expression inhibits the prolif-
eration and invasion of TSCC 
cells in vitro, we further ass- 
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decreased tumor weight and tumor volume in 
BALB/c-nu mice subcutaneously inoculated 
with UM1-shH19 cells. When the mice were 
xenografted, the lungs were harvested and 
H&E staining was performed to detect tumor 
metastasis status. We found that silencing H19 
expression significantly attenuated metastasis 
in the lungs of mice bearing UM1-shH19 xeno-
grafts, as compared with UM1-sh-NC mice 
(Figure 6C). These findings suggest that H19 
promotes the metastasis of TSCC in vivo.

Discussion

TSCC is one of the most prevalent malignant 
tumors in the world, influencing millions of 
patients worldwide each year, especially in 
South Asia [38]. Through improvements have 
been achieved in past decades, the 5-year sur-
vival rate still remains at about 50% [39, 40]. 
Previous research has suggested that the pro-
gression of TSCC is dependent on tumor cell 

proliferation, apoptosis, invasion, metastasis 
and recurrence [41, 42]. Therefore, unveiling 
and understanding the underlying regulatory 
mechanism of this malignancy is crucial to the 
development of novel and effective therapeu- 
tic strategies for TSCC.

The discovery of long non-coding RNA was a 
significant conceptual breakthrough in the 
post-genome era. LncRNAs represented a new 
class of non-coding RNA (>200 nt) that do not 
exhibit protein coding potential. The available 
data indicate that lncRNAs are involved in a 
variety of vital biological activities, including 
embryonic development, organofaction, tumor-
igenesis and cancer metastasis [11, 43, 44]. It 
was reported that Malat1 was associated with 
larger tumor size, advanced TNM stage, more 
lymph node metastases, and distant metasta-
ses in multiple cancer types [45-47]. The ab- 
normal upregulation of Hotair was found to be 
significantly correlated with tumor invasion, 

Figure 5. Overexpression of H19 was positively associated with EZH2/β-catenin up-regulation and promoted TSCC 
EMT. (A) The expression levels of β-catenin, E-cadherin, and vimentin were measured by immunohistochemistry in 
TSCC tissues with and without metastasis, and in adjacent normal tongue tissue. The carcinoma with metastasis 
had a higher expression of β-catenin and vimentin, but lower expression of E-Cadherin than that in the carcinoma 
without metastasis. Correlation analysis showing (B) positive correlation between H19 and EZH2; (C) Negative cor-
relation between H19 and E-cadherin; (D) Negative correlation between EZH2 and E-cadherin in TSCC patients.
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advanced clinical stage, lymph node metasta-
sis, and poor prognosis in several tumors [48, 
49]. In addition, the downregulation of GAS5 
was also found to be closely associated with 
aberrant cell cycle, proliferation, apoptosis, and 
tumor metastasis in cancer [50]. Although sig-
nificant progress has been achieved in under-
standing the function and mechanism of 
lncRNAs, the expression pattern of H19, EZH2, 
and EMT and molecular mechanism involved in 
TSCC remain largely dismal.

The β-catenin pathway is involved in regulating 
a wide variety of physiological and pathological 
processes, including embryogenesis, differen-
tiation, and carcinogenesis [51]. Furthermore, 
β-catenin participates in cell-cell adhesion and 

and results in decreased E-cadherin expres-
sion and tumor invasion [14]. 

We found that H19 and EZH2 expression levels 
were significantly higher in TSCC tissues com-
pared with adjacent normal tissues, and there 
was an obvious correlation between H19 and 
EZH2 expression in TSCC. Additionally, incre- 
ased H19 and EZH2 expression levels acceler-
ated the progress of TSCC, which was reflected 
not only in the gradual elevation of H19 and 
EZH2 expression from normal tongue tissue to 
cancer tissue, but also in the relationship of 
H19 and EZH2 expression with WHO grade and 
lymph node metastasis. Lastly, overexpressed 
EZH2 combined with H19 downregulation com-
pletely reversed the sh-H19 mediated repres-

Figure 6. Knockdown of H19 inhibits UM1 xenograft lung metastasis in 
BALB/c-nu mice. UM1-sh-NC and UM1-sh19s cells were injected into nude 
mice (n=5/group). (A) Images of tumors from all mice in each group. Knock-
down of H19 expression by lentivirus can remarkably attenuate the tumor 
growth and formation. (B) Mean tumor weight (left panel), tumor volume 
(right panel), and (C) lung metastasis stained by H&E were analyzed. 

signal transduction as a 
downstream hinge of the 
Wnt/β-catenin pathway [34, 
35, 52]. Although much effort 
has gone into understanding 
the molecular mechanism of 
the β-catenin pathway, little is 
known about the correlation 
between H19 and β-catenin in 
TSCC. In the present study, we 
observe that downregulation 
of H19 caused a significant 
decrease in the expression of 
β-catenin, EZH2, cyclin D1, 
c-Myc and mesenchymal ge- 
nes, such as N-cadherin and 
vimentin, while increasing 
E-cadherin and ZO-1 expres-
sion levels. 

It has been reported that H19 
can regulate EZH2 expression 
by interacting with miRNAs 
and promotes cell invasion 
and metastasis through EMT 
signaling in a variety of carci-
nomas. However, there is no 
evidence of direct interaction 
between H19 and EZH2. H19 
may function as an miRNA 
sponge to suppress miRNA 
activity by sequestering miR-
NAs away from their target 
genes [53]. Notably, in a blad-
der cancer model, H19 was 
verified to increases the bind-
ing of EZH2, which acceler-
ates Wnt/β-catenin activation 
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sion of β-catenin and GSK-3β activation in 
tongue cancer cells. Based on these findings, 
we conclude that EZH2 is not only involved in 
the carcinogenic process, but is also activated 
in tumor progression.

Conclusions

In conclusion, overexpression of H19 promo- 
tes tongue cancer cell invasion and apoptosis 
resistance in vitro. In addition, the upregulation 
of both H19 and EZH1 is closely associated 
with poor prognosis in tongue cancer patients. 
H19 plays a crucial role in the progression of 
TSCC by regulating the expression of β-catenin 
and GSK-3β via EZH2, indicating that inhibition 
of H19 might be a potential target for the treat-
ment of TSCC. 
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