





H19 promotes TSCC progression

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,
#pP<0.01, #*P<0.001.

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

Correlation among H19,

i FDWHQLQ (=+
marker expression in TSCC
patients

To confirm the correlation
among H19, EZH2, B-catenin
and the progression of tongue
cancer, the expression of
B-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 B-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-

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
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Figure 5. Overexpression of H19 was positively associated with EZH2/B-catenin up-regulation and promoted TSCC
EMT. (A) The expression levels of B-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 B-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.

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
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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 IncRNAs 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 Malatl 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,
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Wnt/B-catenin pathway [34,
35, 52]. Although much effort
has gone into understanding
the molecular mechanism of
the B-catenin pathway, little is
known about the correlation
between H19 and B-catenin in
TSCC. In the present study, we
observe that downregulation
of H19 caused a significant
decrease in the expression of
B-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
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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.

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
IncRNASs, the expression pattern of H19, EZH2,
and EMT and molecular mechanism involved in
TSCC remain largely dismal.

The B-catenin pathway is involved in regulating
a wide variety of physiological and pathological
processes, including embryogenesis, differen-
tiation, and carcinogenesis [51]. Furthermore,
B-catenin participates in cell-cell adhesion and
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can regulate EZH2 expression
by interacting with miRNAs
and promotes cell invasion

shH19-2 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 mMiRNA
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/B-catenin activation
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-
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sion of B-catenin and GSK-3[ 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 3-catenin
and GSK-3p via EZH2, indicating that inhibition
of H19 might be a potential target for the treat-
ment of TSCC.
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