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Abstract: Increasing evidence indicates the important roles of long noncoding RNA (IncRNA) in the endometrial
carcinoma (ECa). Here, we identified the roles of SNHG16 in the ECa proliferation and glycolysis, and revealed the
underlying mechanism. Results presented that SNHG16 expression was increased in the ECa tissue and cells, and
the ectopic SNHG16 overexpression was closely correlated with the poor survival rate and recurrence free survival
of ECa. As regarding the upstream, transcription factor TFAP2A bound with the promotor region of SNHG16 and
activated its transcription. In functional experiments, SNHG16 knockdown suppressed the proliferation, glycolysis
and tumor growth of ECa cells. In mechanical experiments, SNHG16 upregulated HK2, the target gene of miR-490-
3p, by competitively sponging miR-490-3p and then promoted endometrial carcinoma proliferation and glycolysis.
In conclusion, this finding illustrates the vital role of SNHG16 via the TFAP2A/SNHG16/miR-490-3p/HK2 axis in the

ECa proliferation and glycolysis, providing an interesting insight for the ECa tumorigenesis.
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Introduction

Endometrial carcinoma acts as the third lead-
ing cause of cancer-correlated deaths of gynae-
cological malignant tumor worldwide [1]. In the
female reproductive system tumor, endometrial
carcinoma could trigger high mortality rate for
women [2]. The worse facts are that the inci-
dence of endometrial carcinoma is still increas-
ing. Therefore, this emergency requires the
accurate diagnosis and effective treatment.

Long non-coding RNAs (IncRNAs) are a type of
non-protein coding transcripts with longer than
200 ntin length [3, 4]. More and more evidenc-
es indicate that IncRNAs are involved in multi-
ple physiopathologic functions. Including differ-
entiation, metastasis and glycolysis [5-7]. For
example, INcRNA GAS5 is under-expressed in
the endometrial carcinoma tissue specimens,
especially these samples with type 2 diabetes

mellitus, revealing the critical roles of GAS5/
miR-222-3p/p27 axis in the endometrial carci-
noma tumorigenesis [8]. Increased MIR22HG
expression significantly inhibits the endometrial
carcinoma cells’ proliferation and induced the
GO/G1 phase through regulating miR-141-3p/
DAPK1 axis [9]. Overall, the roles of IncRNAs in
the endometrial carcinoma are indeed ess-
ential.

The glycolysis has been reported to participate
in the tumorigenesis of endometrial carcinoma
[10, 11]. In this research, we found that SNHG16
was up-regulated in the endometrial carcinoma
tissue and cells. SNHG16 targets miR-490-3p/
HK2 axis to regulate the proliferation and gly-
colysis. SNHG16 upregulated the miR-490-3p
target gene HK2 by competitively sponging
miR-490-3p and then promoted endometrial
carcinoma glycolysis and proliferation, acting
as an element of the ceRNA network.


http://www.ajtr.org
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Materials and methods
Human tissue samples collection

The endometrial carcinoma tissue samples and
non-tumor tissue were collected from patients
at the Qilu Hospital of Shandong University. Ti-
ssue samples, including tumor tissue and non-
tumor tissue, were immediately frozen in liquid
nitrogen after surgical resection. Every patient
had signed the informed consent before the
surgery. This study had been approved by the
Ethics Committee of hospital.

Cells and culture

Human endometrial carcinoma cell lines (HEC-
1B, HEC-1A, RL95-2, AN3CA) and normal endo-
metrial cell line (EMC) were provided by the
China Center for Type Culture Collection (CC-
TCC, China). Cells were cultured in RPMI-1640
(HyClone, Logan, UT, USA) medium supple-
mented with 10% fetal bovine serum (FBS) and
penicillin/streptomycin (100 U/mL) in the envi-
ronment of 5% CO,, incubator at 37°C.

Transfection

The short hairpin RNA (shRNA) against human
SNHG16, accompanied by miRNA mimics and
inhibitors, were constructed by RiboBio (Guang-
zhou, China). The transactions were carried out
using Lipofectamine 3000 Reagents (Life
Technologies, Carlsbad, CA, USA) at the 70%-
80% confluence. The sequences were present-
ed in the Table S1.

RNA isolation and quantitative RT-PCR

RNA was isolated using TRIzol (Life Technolo-
gies, Invitrogen, CA, USA) based on the manu-
facturer’s protocol. The isolated RNA was puri-
fied by RNeasy mini kit (QIAGEN, Hilden,
Germany). The cDNA reverse transcription reac-
tion was synthesized using the SuperScript
First-Stand Synthesis system (Invitrogen, US)
using random primers. Quantitative RT-PCR
was carried out using SYBR Green PCR Master
Mix (Life Technologies) on 7500 Fast Real-time
PCR System (Applied Biosystems). Seeing Table
S1 for the quantitative PCR primers.

Western blot

Tissue and cellular proteins were extracted
using cell lysis RIPA buffer (Beyotime Institute
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of Biotechnology) on ice for 30 min as previ-
ously described [12]. The cells lysate by RIPA
lysis buffer was quantitatively analyzed by the
bicinchoninic acid (BCA) kit (Thermo Scientific,
Waltham, MA, USA). Protein constituents were
separated by 10% SDS-PAGE and transferred
to polyvinylidene difluoride (PVDF) membranes
(Roche). Antibodies (Abcam, anti-HK2, 1:1000)
and mouse anti-GAPDH were incubated with
the membranes overnight at 4°C. The reactivity
was detected with an enhanced chemilumines-
cence system using Odyssey infrared imaging
system (LI-COR, Inc., Lincoln, NE, USA). Quan-
titative analysis of the band intensity was car-
ried out using the ImageJ software.

Colony formation assay

Colony formation assay was performed for the
cell proliferation evaluation. In brief, HEC-1A
and AN3CA cells were transfected with oligo-
nucleotides and then seeded in the 96-well
plates. 10 uL CCK-8 reagent (Dojindo, Japan)
was treated with the cells at 24, 48, 72, and 96
hours for 1 hour. The absorbance of each group
was measured at the wavelength of 450 nm
under microplate reader.

Glucose consumption and lactate production

The glucose consumption was measured using
a glucose detection mix detected at 460 nm
wavelength (Biosino Bio-Technology). The lac-
tate production was measured using lactate
assay kit (Sigma, St-Louis, MO, USA) as des-
cribed by the manufacturer protocol [13].

Subcellular fractionation assays

The subcellular fractionation assay was per-
formed as previously recorded using a PARIS kit
(Life Technologies, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions.

Dual-luciferase reporter assay

The SNHG16 promoter sequences and 3-UTR
were amplified from genomic DNA using primer
and sub-cloned into the pGL3-Basic vectors
(Promega) for the luciferase reporter vectors.
For the mutation type of binding sites were con-
structed by re-placed the binding sites. Lu-
ciferase activity was measured normalized by
firefly/Renilla ratio as previously described [14].
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Chromatin immunoprecipitation (ChIP)

ChIP-PCR was performed using Chroma Flash
One-Step Magnetic ChIP Kit (#P-2026-48, Epi-
gentek, NY, USA) according to the manufactur-
er's instructions with minor modifications as
previously described [14]. Briefly, the protein-
DNA complexes were de-crosslinked to be DNA
fragments with average length of 200-1000
bp. The fragments were incubated with ChlIP-
grade anti-TFAP2A and control nonimmune IgG
antibody. Finally, the precipitated DNA was
Quantified using PCR by EpiQuik™ Quantitative
PCR Kit (#P-1029, Epigentek).

Tumor xenograft implantation

Male nude BALB/c mice (five week old) were
provided by the Slac Laboratory Animal Center
(Shanghai, China). For the injection, the stably
transfected HEC-1A cells were constructed by
lentiviral transfection and then implanted into
the flank of mice (1x10° cells in 100 ul). All
these processes were performed in accor-
dance with the protocol approved by the Ad-
ministrate Panel on Laboratory Animal Care.
Tumors volume was measured every three days
according to the formula: volume (mm?d) =
length x width?/2.

Statistical analysis

All the data were calculated by SPSS 22.0 sta-
tistical software and presented as means + SD.
The differences were analyzed using Student’s
t-test or one-way ANOVA. Overall survival and
relapse-free survival (RFS) were calculated
using the Kaplan-Meier analysis. The interac-
tion within two index was calculated by Pea-
rson’s correlation analysis. P < 0.05 and P <
0.01 were considered as statistical signi-
ficance.

Results

LncRNA SNHG16 indicated the poor clinical
prognosis of endometrial carcinoma individu-
als

The abundance of IncRNA SNHG16 in the endo-
metrial carcinoma (ECa) tissue samples were
measured using the RT-PCR, illustrating the
ectopic overexpression of SNHG16 (Figure 1A).
In the GEPIA database, the SNHG16 expression
was identified to be up-regulated or increased
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as compared to the controls (Figure 1B). The
overall survival rate of endometrial carcinoma
patients was also estimate by the Kaplan-Meier
plotter (TCGA data, http://kmplot.com/analy-
sis/), suggesting the lower survival rate of en-
dometrial carcinoma patients who were marked
with higher SNHG16 level (Figure 1C). Re-
currence free survival (RFS) was computed
using the Kaplan-Meier plotter, suggesting the
lower survival level of endometrial carcinoma
patients with higher SNHG16 level (Figure 1D).
Thus, the overexpression of IncRNA SNHG16
indicated the poor clinical prognosis of endo-
metrial carcinoma individuals.

Transcription factor TFAP2A promoted the tran-
scriptional level of IncRNA SNHG16

In the clinical endometrial carcinoma individu-
als’ samples, transcription factor TFAP2A was
found to be up-regulated (Figure 2A). The tran-
scriptional targeting motifs of TFAP2A were pre-
dicted using the JASPAR database (http://jas-
par.genereg.net/) (Figure 2B). There were two
potential binding region of TFAP2A in the
SNHG16 promoter. The chromatin immunopre-
cipitation (ChIP) followed by PCR showed that
the TFAP2A antibody could specifically bind
with the site 1 sequences and precipitate it
(Figure 2C). The wild type sequences of site 1
and corresponding mutant sequences were
constructed for the luciferase reporter assay
(Figure 2D). Luciferase reporter assay showed
that the wild type of promoter region site 1
sequences could bind with the TFAP2A (Figure
2E). The TFAP2A overexpression vectors using
pcDNA3.1 plasmids was constructed, suggest-
ing the increased level of SNHG16 by the
TFAP2A overexpression (Figure 2F). These data
showed that transcription factor TFAP2A pro-
moted the transcriptional level of IncRNA
SNHG16.

Knockdown of SNHG 16 repressed the prolifer-
ation and glycolysis of endometrial carcinoma
cells

The level of SNHG16 was found to be up-regu-
lated in the endometrial carcinoma cells (HEC-
1B, HEC-1A, RL95-2, AN3CA) using the RT-PCR
(Figure 3A). The silencing short hairpin RNAs
(shRNAs) were transfected into the HEC-1A and
AN3CA cells to silence the SNHG16 level (Figure
3B). Colony formation assay illustrated that the
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Figure 1. LncRNA SNHG16 indicated the poor clinical prognosis of endometrial carcinoma individuals. A. The abun-
dance of IncRNA SNHG16 in the endometrial carcinoma (ECa) tissue samples were measured using the RT-PCR. B.
The SNHG16 expression in the GEPIA database. C. The overall survival rate of endometrial carcinoma patients was
also estimate by the Kaplan-Meier plotter (TCGA data http://kmplot.com/analysis/). D. Recurrence free survival
(RFS) was computed using the Kaplan-Meier plotter. **Shows the significant difference P < 0.01.

SNHG16 silencing suppressed the proliferation
of endometrial carcinoma cells (Figure 3C). The
SNHG16 silencing could also suppress the glu-
cose uptake, lactate production and ATP level
compared to the blank control (Figure 3D-F). In
Vivo xenotransplantation assay in mice showed
that the SNHG16 silencing inhibited the tumor
growth of HEC-1A injection (Figure 3G). Overall,
knockdown of SNHG16 repressed the prolifera-
tion and glycolysis of endometrial carcinoma
cells.

SNHG16 targeted the miR-490-3p/HK?2 axis

The subcellular location of SNHG16 was found
to be enriched in the cytoplasm, suggesting the
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potential post-transcriptional regulation (Figure
4A). The bioinformatics tools (StarBase, http://
starbase.sysu.edu.cn/) indicated the potential
binding sites within SNHG16 and miR-490-3p
in the post-transcriptional regulation (Figure
4B). Therefore, we constructed the luciferase
reporter assay to identify the binding within
them, and results suggested that miR-490-3p
could target the SNHG16 3-UTR sequences
with complementary binding (Figure 4C). In the
endometrial carcinoma cells (HEC-1A, AN3CA),
we found that the SNHG16 knockdown trans-
fection by the sh-SNHG16 could up-regulate
the miR-490-3p level (Figure 4D). The StarBase
bioinformatics tool inspired the binding within
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Figure 2. Transcription factor TFAP2A promoted the transcriptional level of IncRNA SNHG16. A. RT-PCR showed the
up-regulated level of TFAP2A in the clinical endometrial carcinoma individuals’ samples. B. Schematic diagram pre-
sented the transcriptional targeting motifs of TFAP2A predicted by JASPAR database (http://jaspar.genereg.net/).
C. Chromatin immunoprecipitation (ChlP) followed by PCR showed the abundance of precipitated DNA fragment by
TFAP2A antibody. D. The wild type sequences of site 1 and corresponding mutant sequences were constructed for
the luciferase reporter assay. E. Luciferase reporter assay showed the binding efficiency of wild type of promoter
region site 1 sequences with the TFAP2A. F. RT-PCR showed the level of SNHG16 induced by TFAP2A overexpression
vectors using pcDNA3.1 plasmids. **Shows the significant difference P < 0.01.

miR-490-3p and HK2 mRNA 3’-UTR (Figure
4E). It has been reported that HK2 functions as
the critical regulator in the cancer glycolysis
[15]. Luciferase reporter assay using the wild
type and mutant vectors to confirm that the
miR-490-3p mimics could effectively integrate
with the HK2 mRNA wild vector (Figure 4F).
Western blot clued that the transfection by the
sh-SNHG16 could decrease the HK2 protein
level, while the co-transfection of sh-SNHG16
and miR-490-3p inhibitor (MiR-490-3p inhib)
could recover the HK2 protein level (Figure 4G).
The GEPIA database inspired that the remark-
edly overexpression of HK2 in the endometrial
carcinoma tissues (Figure 4H). In the enrolled
endometrial carcinoma samples, Pearson’s co-
rrelation analysis indicated that miR-490-3p
was negative correlated with SNHG16 (Figure
41). In conclusion, SNHG16 targeted the miR-
490-3p/HK2 axis in the endometrial carcin-
oma.

Discussion

The roles of long noncoding RNA (IncRNA) have
been regarded as the important element in the
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human cancer tumorigenesis [16]. More and
more evidence support that the IncRNA partici-
pate in the endometrial carcinoma oncogene-
sis, involving the proliferation, migration, me-
tastasis and glycolysis [17-19].

In this research, we found that the IncRNA
SNHG16 was observably up-regulated in the
endometrial carcinoma tissue and cells. Be-
sides, the up-regulated expression of SNHG16
in the endometrial carcinoma samples indicat-
ed the poor clinical prognosis, hinting the onco-
genic element of SNHG16. Moreover, the tran-
scription factor TFAP2A could trigger the tran-
scriptional level of SNHG16 in the endometrial
carcinoma. In other type of human cancer,
SNHG16 could regulate the tumorigenesis. For
example, SNHG16 was induced by the upstream
transcription factor 1 (USF1) in glioma tissues
and cells, demonstrating the USF1/SNHG16/
miR-212-3p/ALDH1A1 pathway [12]. In osteo-
sarcoma tissues and cell lines, ectopic over-
expression of SNHG16 indicated poor progno-
sis and lower overall survival rate of osteosar-
coma patients and the knockdown of SNHG16

Am J Transl Res 2019;11(11):7137-7145
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Figure 3. Knockdown of SNHG16 repressed the proliferation and glycolysis of endometrial carcinoma cells. A. RT-
PCR showed the level of SNHG16 in the endometrial carcinoma cells (HEC-1B, HEC-1A, RL95-2, AN3CA). B. The
silencing short hairpin RNAs (shRNAs) were transfected into the HEC-1A and AN3CA cells to silence the SNHG16
level. C. Colony formation assay illustrated the proliferation of endometrial carcinoma cells. D-F. The glucose uptake,
lactate production and ATP level was measured in SNHG16 silencing and blank control. G. In vivo xenotransplanta-
tion assay presented the tumor growth of HEC-1A cells. **Shows the significant difference P < 0.01.

inhibited the cellular proliferation, migration,
invasion, cell cycle and promoted apoptosis in
osteosarcoma [20].

The glycolysis is regarded as the main way of
energy supplication in the tumor. Moreover, the
enhancement of glycolysis is closely correlated
with the tumour malignant degree. The activity
of the key glycolytic enzyme is the vital initiating
factor for the tumor progression. The increasing
of tumor cellular glycolysis is caused by the
enhanced glycolytic enzyme activity. HK2 is a
key glycolytic enzyme in the multiple human
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cancers, including breast cancer, non-small cell
lung cancer cells and multiple myeloma [21,
22]. In this research, we found that HK2 acted
as the target of SNHG16, through the miR-490-
3p and competing endogenous RNA (ceRNA)
regulation.

In the functional assay, we found that the
knockdown of SNHG16 could decrease the glu-
cose uptake, lactate production and ATP level
in the endometrial carcinoma cells. This finding
inspire us that the SNHG16 might regulate the
metaboilic level of endometrial carcinoma cells.

Am J Transl Res 2019;11(11):7137-7145
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Figure 4. SNHG16 targeted the miR-490-3p/HK2 axis. A. The subcellular location analysis showed that SNHG16
was enriched in the cytoplasm. B. The bioinformatics tool (StarBase, http://starbase.sysu.edu.cn/) indicated the
potential binding sites within SNHG16 and miR-490-3p. C. Luciferase reporter vectors were constructed to iden-
tify the binding within miR-490-3p and SNHG16. D. RT-PCR found that miR-490-3p level was up-regulated after
SNHG16 knockdown transfection. E. The StarBase bioinformatics tool inspired the binding within miR-490-3p and
HK2 mRNA 3’-UTR. F. Luciferase reporter assay using the wild type and mutant vectors was performed to identify
the interaction within miR-490-3p and HK2 mRNA. G. Western blot clued the HK2 protein level in HEC-1A cell trans-
fected by the sh-SNHG16 or miR-490-3p inhibitor (miR-490-3p inhib). H. The GEPIA database inspired the overex-
pression of HK2 in the endometrial carcinoma tissues. |. Pearson’s correlation analysis indicated that miR-490-3p
was negative correlated with SNHG16. **Shows the significant difference P < 0.01.

Subsequent mechanical exploration suggests named as the ‘Warburg effect’ [24]. In the
that SNHG16 sponged the miR-490-3p, there- endometrial carcinoma, we found that SNHG16
by promoted the HK2 expression. This results could trigger the aerobic glycolysis via the
concluded the TFAP2A/SNHG16/miR-490-3p/ ceRNA regulation.

HK2 axis in the endometrial carcinoma cells.
In conclusion, this research discovered the

Compared with normal cells, tumor cells still potential regulation of SNHG16 in the endome-
utilizes the glycolysis as their primary means of trial carcinoma oncogenesis. SNHG16, induced
energy productivity, even there is adequate by the transcription factor TFAP2A, could target
oxygen [23]. This physiological phenomenon is the miR-490-3p/HK2 axis to regulate the prolif-
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eration and glycolysis of endometrial carcino-
ma cells. This finding might bring an interesting
insight for the endometrial carcinoma.
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Table S1. Primers sequences for qRT-PCR and sequences of
shRNA

Sequences 5’-3’

SNHG16 forward, 5-TCAGGGTAAGTTAACAAGGTCT-3’
reverse, 5’-GATCGACAATCGAACCCCGTTA-3’
miR-490-3p forward, 5’-GAGCACAATTCTGTTTGGTTGC-3’
reverse, 5’-CTCCTTCTTCGCTTTTTTGTAT-3’
TFAP2A forward, 5’-AGGTCAATCTCCCTACACGAG-3’
reverse, 5’-GGAGTAAGGATCTTGCGACTGG-3’
GAPDH forward, 5’-CTAAGGCCAACCGTGAAAAG-3’
reverse, 5’-ACCAGAGGCATACAGGGACA-3’
sh-SNHG16-1 5’-GCCTAACCGTTTATACTAC-3’
sh-SNHG16-2 5’-GCTGATCACCTACTCTAAT-3’
sh-SNHG16-3 5’-GGAACCTAGGTTACTACCC-3’

miR-490-3p inhibitor 5-ACGCAAGGAUCACGAUGUUAC-3’




