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Abstract

Long non-coding RNAs (IncRNAs) are key regulators or a range of diseases and
chronic conditions such as cancers, but how they function in the context of ovar-
ian cancer (OC) is poorly understood. The Coding-Potential Assessment Tool was
used to assess the likely protein-coding potential of SNHG7. SNHG7 expression
was elevated in ovarian tumour tissues measured by gqRT-PCR. The online database
JASPAR was used to predict the transcription factors binding to SNHG7. Twenty-
four-well Transwell plates were used for invasion assays. RNA immunoprecipitation
was performed to determine RNA-protein associations. EAU assay was introduced
to detect cell proliferation. Chromatin immunoprecipitation was performed to con-
firm the directly interaction between DNA and protein. We discovered that in the
context of OC there is a significant up-regulation of the IncRNA SNHG7. Knocking
down this IncRNA disrupted both OC cell invasion and proliferation, while its over-
expression had the opposite effect. SP1 binding sites were present in the SNHG7
promoter, and chromatin immunoprecipitation (ChIP) confirmed direct SP1 binding
to this region, activating SNHG7 transcription. We found that at a mechanistic level
in OC cells, KLF2 is a probable SNHG?7 target, as we found that SHNCCC16 directly
interacts with EZH2 and thus represses KLF2 expression. In summary, this research
demonstrates that IncRNA SNHG?7 is an SP1-activated molecule that contributes to
OC progression by providing a scaffold whereby EZH2 can repress KLF2 expression.
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1 | INTRODUCTION

Ovarian cancer (OC) is among a leading type of cancer that is di-
agnosed in women throughout the world, and it is the most dan-
gerous cancer associated with the reproductive system in women.*
Numerous factors at both the environmental and genetic levels
contribute to the risk of developing OC. The hormone oestrogen,
for example, can drive tumour development through promotion of
cellular proliferation and subsequently enhancing invasion.? While
key factors relevant to the development of this disease have been
pinpointed, the multifactorial and complex nature of OC means that
many aspects of its progression are still poorly understood, making
it essential that the underlying molecular mechanisms governing OC
be studied further.®

Recent work has established that more than three-quarters of
the human genome can transcribe non-coding RNA molecules, the
diversity of which is only beginning to be appreciated.* As under-
standing of how these non-coding RNAs function has improved,
novel insights into the molecular basis of gene regulation have
been gained, although some of these studies remain controversial.
Long non-coding RNAs (IncRNAs) are a recently identified subset
of non-coding RNAs that have been implicated in many diseases.”
Indeed, IncRNAs are thought to regulate onocogenes and tumour
suppressor genes, thereby modulating carcinogenesis and serving
as potential therapeutic markers of cancer progression.""8 Many
genes are commonly dysregulated in the context of OC, including
PTENP1, UCA1 and NEAT1.7*! To date, the extent of INcRNA re-
search in the context of OC remains fairly limited, but the number
of studies relating to this topic continues to grow. In the present
study, we highlight a role for IncRNA SNHG7 and discuss other In-
cRNAs relevant to OC progression.

The mechanisms by which IncRNA execute their regulatory ef-
fects are complex and vary based on the specific target of study.
For example, some drive direct signalling, whereas others may
serve as decoys or even scaffolds that facilitate signalling path-
ways.""u’13 KLF2 a key tumour suppressor gene of the Kruppel-
like factor (KLF) family, altered expression of which is associated
with the progression of numerous forms of cancer.***> As a tumour
suppressor, KLF2 suppresses KRAF-mediated tumour prolifera-
tion.*>¢ EZH2 is a factor that can counteract the tumour-suppres-
sive qualities of KLF2 by binding to its promoter region, silencing
KLF2 transcription.16

In the present study, we assessed the expression, function and
targets of INcRNA SNHG7 in the context of OC. We found that In-
cRNA SNHG7 was up-regulated significantly within OC tissues.
Knocking down IncRNA SNHG?7 led to suppression of the growth
and invasive potential of OC cells, suggesting that its expression is
oncogenic. We found that in OC cells SP1 directly activated IncRNA
SNHG?7 transcription, and that this IncRNA in turn bound to EZH2,
potentially allowing it to serve as a scaffold that leads to repression
of KLF2 expression. In summary, that IncRNA SNHG7 may be a key
regulator of OC progression and a viable target for future therapeu-

tic intervention.

2 | MATERIAL AND METHODS
2.1 | Tissue collection

Thirty patients with OC who had been treated at the First Affiliated Hospital
of Xi'an Jiaotong University were enrolled in this study. Liquid nitrogen was
used for snap freezing of patient tissue samples, which were stored until
use. All patients provided informed written consent, and this study was

overseen by the Xi'an Jiaotong University Research Ethics Committee.

2.2 | QRT-PCR

TRIzol (Invitrogen, Carlsbad, CA, USA) allowed for RNA extraction from
all samples based on manufacturer's protocols. cDNA was generated
with the Reverse Transcription Kit (Takara, Dalian, China). ABI 7500
was used to conduct all quantitative real-time PCR (QRT-PCR) assays.
GAPDH expression was used to normalize RNA amounts across sam-
ples. Table S1 lists all primers.

2.3 | Cell culture

The Chinese Academy of Sciences cell bank was the source of all
human OC A2780, OCC1, H8710 and SK-OV3 lines and the con-
trol HMEC-1 lines used. Cells were grown in RPMI 1640 Medium
(Invitrogen) containing 10% foetal bovine serum, with penicillin/
streptomycin at 37°C. Antibodies against N-cadherin, E-cadherin,
SNAIL, Vimentin, GAPDH and secondary HRP-conjugated anti-
mouse IgG antibody were from Abcam (Cambridge, MA, USA).

2.4 | Cell transfection

Overian Cancer cells were cultured overnight in 6-well plates and
were transfected with 100 nM of a specific siRNA or control via
Lipofectamine 2000 (Invitrogen). Cells were then collected at appro-
priate time points for analysis. Table S1 lists siRNA sequences.

2.5 | Eduassays

Twenty-four hours after transfection, cell media was exchanged with
fresh media. After an additional 28 hour, media was replaced with
fresh media supplemented with 5 pm EdU (Life Technologies) and in-
cubated for a further 20 hours. Four percent paraformaldehyde was

then used to fix cells prior to immunofluorescent examination.

2.6 | Cell migration and invasion assays

Twenty-four-well Transwell plates were used for invasion assays,
with a 8-um sized pore (Corning, Corning, NY, USA). To the top
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chamber, 1 x 10° cells in serum-free media were added after it
had been coated in Matrigel (BD, Franklin Lakes, NJ, USA). To
the lower chamber, RPMI-1640 supplemented with 10% FBS was
added. After 24 hour, remaining cells in the upper chamber were
discarded, and those in the lower chamber were stained with 0.5%
Crystal violet after fixation. Five fields chosen at random were

counted.

2.7 | Scratch-wound healing assay

Cells were grown in monolayers and wounded with a pipette tip.
Detached cells were washed off with PBS, and new medium was
added. Migration of cells was measured at 24 h as reduction of the
wound area in each photographed field. At least five fields were pho-
tographed for each condition each time, and the gap was calculated
using ImageJ software (version 1.44V, National Institutes of Health,
Bethesda, MD, USA).

2.8 | Plasmids construction and luciferase assays

SNHG7 promoter region (P4) containing the SP1 binding
sites was PCR amplified from genomic DNA using PrimeSTAR
HS DNA polymerase (Takara,
CGGCTAGCGTAGAGCCAGCTCCGGCTACAAC -3' (forward) and
5'- CCCTCGAGGACGAGAAGGGAAGCGCCGCGCCT-3' (reverse).
P3 promoter was inserted with the primers 5'- CGGCTAGCGTAGAG
CCAGCTCCGGCTACAAC-3'(forward)and 5'- CCCTCGAGCCGGGC
AGCATGGGGCTCCCGCGA-3' (reverse), P2 promoter with the prim-
ers 5- CGGCTAGCGTAGAGCCAGCTCCGGCTACAAC -3' (for-
ward) and 5'- CCCTCGAGTTAGGCC TGGAGGGGACACCAGGA-3'
(reverse), P1 promoter with the primers 5- CGGCTAGCG
TAGAGCCAGCTCCGGCTACAAC  -3' (forward) and 5'-
CCCTCGAGCCTAGCTCTGGATATGG TGCTAGA-3' (reverse), and
inserted into the Nhe | and Xhol sites of the pGL3 basic luciferase

Japan) with the primers 5'-

vector, respectively. 48-hours post-transfection cells were lysed with

passive lysis buffer (Promega, Madison, WI, USA). 5 uL cell lysate
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FIGURE 1 SNHG7 is up-regulated in the context of OC. (A) Coding-Potential Assessment Tool predictions regarding the SNHG7,
MALAT1 and GAPDH sequences. (B) SNHG7 expression across cancer and normal tissue types as derived from the MiTranscriptome
database. Expression is indicated by the fragments per kilobase of exon per million fragments mapped algorithm. (C) gRT-PCR measurement
of SNHG7 expression in 30 cancerous and 30 normal ovarian tissues, normalized to GAPDH. D. Relative levels of SNHG7 in the HMEC-1,

A2780, H8710, SK-OV3 and OCC1 cell lines. **P < .01
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FIGURE 2 SP1 binds the SNHG7 promoter, inducing transcription. (A) JASPAR prediction of an SP1 binding site in the SNHG7
promoter. (B) SNHG7 expression in A2780 and SK-OV3 cells after knock-down of SP1. (C) SNHG7 expression in A2780 and SK-OV3 cells
overexpressing SP1. (D) Luciferase reporter construction vector. (E) Assessment of the SNHG7 promoter SP1 binding site via dual luciferase
reporter assay. (F and G) ChlP assessment of SP1 binding to the SNHG7 promoter, revealing significantly greater SNHG7 levels in anti-SP1
samples than controls. Input served as positive control and IgG as negative control. *P < .05, **P < .01

was combined with 30 plL luciferase assay reagent from Promega,
and a luminometer was used to read luciferase activity, with renilla

serving as an internal transfection efficiency control.

2.9 | RNA immunoprecipitation (RIP)

The EZMagna RIP kit (Millipore, Billerica, MA, USA) was purchased,
and complete RIP lysis buffer was used to lyse SK-OV3 cells, and
this lysate was then combined with control or antibody-conjugated
magnetic beads against EZH2, KDM1A and SUZ12 (Millipore,
Billerica, MA, USA) for 6 hours at 4°C. Beads were washed, and
Proteinase K was then used to eliminate proteins. gRT-PCR was
then performed on purified RNA to assess the presence of IncRNA
SNHG?7.

2.10 | Chromatin immunoprecipitation (chip)

Cross-linking of OC cells was conducted for 10 minutes using for-
maldehyde. Cell lysates were then sonicated to produce 200-300 bp
chromatin fragments, which were then immunoprecipitated with
SP1, H3K27me3, EZH2 or control IgG. Precipitated DNA was ana-
lysed by gRT-PCR. Table S1 lists primer sequences.

2.11 | Western blotting

RIPA buffer was used for cell lysis. Bio-Rad protein assay system (Bio-
Rad Laboratories, Richmond, CA, USA) was used for protein quan-
tification. Thirty pg of each sample were run on a 12% SDS-PAGE
gel before transfer to a 0.22 mm nitrocellulose membrane (Osmonics,
Westborough, MA, USA). Five percent non-fat milk powder in TBS-T
was used for blocking for 1h at room temperature, and blots were
then incubated for 1 h at room temperature (RT) with blocking buffer
containing a 1:1000 dilution of either anti-E-cadherin, N-cadherin,
SNAIL, Vimentin or GAPDH. Blots were washed with TBS-, incubated
for 1 h at RT in blocking buffer with a 1:10,000 secondary HRP-
conjugated anti-rabbit Ig (Amersham, Arlington Heights, IL, USA).
Blots were washed again and developed with ECL reagents based on
manufacturer's recommendation. GAPDH was used to normalize pro-
tein expression.

2.12 | Tumour studies

Athymic nude BALB/c mice from the Shanghai Experimental Animal
Center were kepy based on the guidelines of the Animal Research
Committee of First Affiliated Hospital of Xi'an Jiaotong Universit.
Mice received a dorsal flank injection of 5 x 10° SK-OV3 cells on the
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FIGURE 3 Knock-down of SNHG7 inhibits OC cell growth, migration and invasion in vitro. (A) Relative mRNA levels in SK-OV3 and
A2780 cells measured by qRT-PCR after knock-down or overexpression of SNHG7. (B) Cell proliferation was determined by EdU assay in
SK-OV3 and A2780 cells. Bar = 200 pm. (C) Wound healing assay during a period of 24 h after knock-down or overexpression of SNHG7 in
OC cells. Bar = 200 um. (D) Transwell invasion assays showed the invasive potential of SK-OV3 and A2780 cells following suppression or

overexpression of INcRNA SNHG?7. *P < .05, **P < .01

left side (four mice per group), and tumour growth was assessed daily.
Tumour volumes were determined according to tumour size = ab?/2,
with a being the larger and b the smaller of measured dimensions.
Twenty-two days after injection with tumour cells, mice were eutha-

nized and tumours extracted. Tumour weight was measured.

2.13 | Immunohistochemistry (IHC)

Samples of xenograft tumour tissue underwent Kié7 and H&E stain-
ing, using anti-Ki67 (Abcam, Cambridge, MA, USA). A pathologist
and the author independently scored the results from IHC stains.

2.14 | Statistical analysis

Results are expressed as mean = SD. All experiments were performed
in triplicate at a minimum. Two-tailed Student's t tests and Wilcoxon
rank sum test were used for statistical analyses. The threshold for
statistical significance was P < .05. *P < .05; **P < .01.

3 | RESULTS

3.1 | SNHG7 was a oncogenic IncRNA and up-
regulated in OC

To determine whether SNHG7 was truly a IncRNA, the likely protein-
coding potential of this gene was assessed with the Coding-Potential
Assessment Tool.'” This assessment determined that SNHG7 was a
IncRNA with a less than 5% chance of coding for a protein (Figure 1A).
Comparison with the MiTranscriptome database demonstrated
SNHG7 up-regulation in a number of cancers types (Figure 1B).18
Importantly, SNHG7 expression was elevated in ovarian tumour tis-
sues as measured by gRT-PCR compared to control non-cancerous
tissues, indicating that SNHG7 is significantly up-regulated during
OC (P < .01, Figure 1C). We assessed SNHG7 expression in a normal
control cell lines: HMEC-1 and multiple OC cell lines: A2780, H8710,
SK-OV3 and OCC1. SNHG7 was up-regulated in all of these cell lines
relative to normal cell line controls (Figure 1D). Together, these find-
ings suggest SNHG7 regulation is altered in tumours and that there
may be a functional role for this IncRNA in cancer.
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SNHG?7 or control Vectors, respectively

Multiple transcription factorsincluding E2F1 and SP1 are known to
regulate the transcription of INcRNAs. The online database JASPAR
was used to predict the transcription factors binding to SNHG7, and
SP1 was highly predicted to bind to this IncRNA (Figure 2A). SNHG7
expression was down-regulated upon siRNA-mediated SP1 silencing
(Figure 2B). Conversely, overexpression of SP1 enhanced SNHG7
expression (Figure 2C). ChlIP confirmed SP1 binding to the promoter
region of SNHG7 near the P4 region (Figure 2D and 2E). Luciferase
reporter assays also confirmed SP1 binding to this (1930 bp) binding
site, but not to other tested sites (Figure 2F and 2G).

3.2 | Knock-down of SNHG7 inhibits in vitro cell
growth, migration and invasion

We next sought to assess whether suppressing SNHG7 in A2780
and SK-OV3 OC cells would affect their biology. SNHG7 was

down-regulated in SK-OV3 cells and up-regulated in A2780 cells.
For knock-down, two SNHGY7 targeting siRNAs were used. Fourty-
eight hours after transfection, RT-qPCR confirmed a significant
decrease in SNHG7 expression, and the most efficient siRNAs
si-SNHG7-1 and si-SNHG7-2 were used for all following in vitro
experiments (Figure 3A). To assess the functional relevance of
SNHGY7 in OC cells, we assessed the proliferation and migration of
cells SNHG7 knock-down or—overexpressing cells via 5-ethynyl-
2'-deoxyuridine (EDU), wound healing and Transwell assays. The
frequency of EDU-positive cells confirmed cell growth was sig-
nificantly impaired by SNHG7 knock-down, while its overexpres-
sion was associated with increased growth (Figure 3B). Wound
healing assays demonstrated lower rates of migration in SNHG7
knock-down cells relative to controls, whereas overexpression in-
creased this in A2780 cells (Figure 3C). Matrigel-coated Transwell
chambers were used for invasion assays, which demonstrated
that IncRNA SNHGY7 silencing was linked to a marked reduction
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knock-down. *P < .05, **P < .01

in the invasive potential of SK-OV3 cells, while its overexpression
enhanced A2780 cell invasion (Figure 3D). These experiments
suggest that disrupting SNHG7 expression can in turn disrupt
malignant phenotypes in OC cells, whereas its overexpression
enhances these phenotypes—a finding consistent with clinical
results.

3.3 | Inhibiting SNHG7 expression impairs
metastatic properties by reversing EMT in oc cells

Similarly to the above results, SK-OV3 in which SNHG7 was silenced
had significantly reduced wound healing capabilities (Figure 4A).
Migration and invasive potential of these cells was similarly reduced
(Figure 4B and 4C).

Migration and invasion are cornerstones of cancer malignancy
and spread, and the Epithelial-mesenchymal transition (EMT) is
closely linked to such invasive potential. To assess whether SNHG7
was connected with EMT in OC cells, EMT protein was assessed in
cells after SNHG7 knock-down or overexpression by Western blot-
ting and immunofluorescent analysis. SNHG7 down-regulation was
linked with elevated epithelial marker (E-cadherin) and mesenchy-
mal marker (N-cadherin, SNAIL and Vimentin) expression in SK-OV3
cells (Figure 3A and 3B). In contrast, SNHG7 reduced expression lev-
els of these proteins in A2780 cells (Figure 3C and 3D). Therefore,

SNHG?7 is associated with EMT induction in OC cells, enhancing mi-
gration and invasion.

3.4 | SNHGY7 inhibits KLF2 VIA EZH2 binding

To determine how SNHG7 acts in OC cells, we assessed its subcel-
lular localization and we found that it was a primarily nuclear IncRNA
(Figure 5A). As such, we postulated that SNHG7 may control tran-
scriptional and post-transcriptional gene activities. An RNA-protein
interaction prediction (http://pridb.gdcb.iastate.edu/RPI1Seq/) was
performed that suggested SNHG7 may bind to STAU1, AGO?2,
SUZ12, KDM1A and EZH2 (RF and SVM scores >0.5; Figure 5B). To
assess these interactions, RIP analysis was performed that revealed
a strong physical interaction between SNHG7 and EZH2 (Figure 5C).
EZH2 is a nuclear protein associated with histone/DNA methylation,
indicating that SNHG7 may alter target genes at the epigenetic level.
We therefore selected EZH2 target genes with tumour-suppressive
functions (KLF2, RND1 or PTEN) that could be involved in the link
between SNHG7 and OC progression. gRT-PCR analysis revealed
that SNHG7 knock-down was associated with an increase in KLF2
expression, while there were no changes in any of the other genes
(Figure 5D). Western blotting confirmed this finding at the protein
level in SK-OV3 cells (Figure 5E). H3K27 trimethylation by the PRC2

complex is linked to negative gene regulation.?’ SNHG7 most likely
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proliferation after control or KLF2 siRNA transfection. (C) Transwell measurements using KLF2 or siKLF2-transfected SK-OV3 cells. (D)
EdU staining measurements of SK-OV3 cells proliferation after empty vector, SNHG7 or SNHG7 and KLF2 transfection. (E) Wound healing
assessment of cell migration in SK-OV3 with the same constructs as in (D). (F) Transwell assays to assess invasive potential of SK-OV3 cells

transfected with these same constructs. *P < .05, **P < .01

constrains KLF2 expression via PRC2 complex recruitment to the
KLF2 promoter, leading to proximal H3K27 trimethylation. Using
three primer pairs spanning a 2000bp section of KLF2, we performed
chromatin immunoprecipitation (ChIP) in SNHG7 knock-down cells.
These results revealed that SNHG7 knock-down decreased EZH2
binding and H3K27me3 at the KLF2 promoter (Figure 5F and 5G).
These results thus suggest that SNHG7 may suppress KLF2 expres-
sion via binding EZH2 (a key PRC2 component), ultimately driving
OC development.

3.5 | KLF2 suppression is linked with the oncogenic
activity of SNHG7

To confirm the relevance of KLF2 to OC cell migration/proliferation, KLF2
was either knocked down or overexpressed in SK-OV3 cells (Figure 6A).

Consistent with previous results, KLF2 knock-down was linked to

increased cell proliferation as assessed by EDU, and increased the inva-
sive potential of these cells in a Transwell assay (Figure 6B and 6C). The
effects of KLF2 expression are thus the opposite of those of SNHG7 in
OC cells. In order to perform rescue experiments, SK-OV3 cells were co-
transfected to overexpress both SNHG7 and KLF2. Proliferation of co-
transfected cells was enhanced relative to SK-OV3 cells transfected with
SNHG? alone (Figure 6D). Migration and invasive potential were also res-
cued in these co-transfected cells (Figure 6E and 6F). This reveals that the
effects of SNHG7 in OC cells may be partly mediated via KLF2 repression.

3.6 | Knock-down of SNHG7 inhibits OC
tumorigenesis in vivo

To assess the relevance of SNHG7 to tumorigenesis in vivo, SK-
OV3 cells transfected with siSNHG7/siCON were injected into

nude BALB/c mice. Consistent with our in vitro findings, tumour
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FIGURE 7 SNHG7 knock-down inhibits OC tumorigenesis in vivo. (A) Tumour numbers after removal from mice. (B) Tumour volumes,
calculated every 2 days after implantation. (C) Tumour weights at time of harvest (D) and (E) Representative images H&E and IHC stains of
the tumour, suggesting decreased proliferation based on reduced Ki-67. *P < .05 and **P < .01

growth was significantly impaired in siSNHG7 mice relative to con-
trols (Figure 7A and 7B). Twenty-two days post-inoculation, tumour
weights were significantly lower in the siSNHG7 mice (Figure 7C).
siSNHG7-transfected cell-derived tumours also had lower Kié67
expression levels based on IHC measurements (Figure 7D and 7E).
SNHG?7 levels were lower in the tumours from the siSNHG7 group
(Figure 7E). These findings suggest that SNHG7 is significantly as-
sociated with OC proliferation in vivo.

4 | DISCUSSION

Modern advances in sequencing technology have revealed that
upwards of 97% of the human genome can be transcribed as non-
coding RNA molecules (ncRNAs). These ncRNAs are typically clas-
sified based on length into either short (<200 nt) or long (>200 nt)
ncRNAs.?! Accumulating evidence suggests that long non-coding
RNAs can serve critical functions in the development and progres-
sion of cancer.???* The precise molecular mechanisms underlying
these roles, however, remain to be fully explored.

In the present study, we have uncovered a novel for SNHG7
in OC cells. SNHG7 is markedly up-regulated in the context of OC
tissues relative to normal tissue controls. Knock-down of SNHG7
decreased the proliferation, migration and invasive potential of OC
cells, whereas its overexpression had the opposite effect. This was
true both in vitro and in vivo in a mouse xenograft model. This sug-
gests that SNHG7 may serve as an important clinical marker of OC
prognosis in humans.

There are a diverse range of molecular mechanisms by which In-

cRNASs can exert biological effects relevant to cancer.?>?” One such

key function occurs when IncRNAs serve as molecular scaffolds, in-
directly affecting biology by alerting the activities of other proteins
and signalling molecules. For example, a IncRNA known as HOTTIP
can associate with the PRC2 and WDR5/MLL1 chromatin-modifying
complexes.?® Similarly, HOTAIR can directly interact with PRC2 and
the LSD1/CoREST/REST complex.?’

KLF2 is a key mediator of cancer development and tumour pro-
gression.***° We found that SNHG7 is able to suppress KLF2 ex-
pression at both the protein and RNA level in OC cells.** We further
determined that SNHG7 is primarily located in the nucleus, suggesting
a potential role for this IncRNA in mediating transcription.

We further performed the RIP assays which revealed that SNHG7
directly binds to EZH2, thereby silencing KLF2 expression. Chromatin
immunoprecipitation analyses further revealed that EZH2 directly
binds to the KLF2 promoter region, inducing H3K27 trimethylation.
This indicated that SNHG7 drives OC cell proliferation by regulating
KLF2 expression through EZH2 binding (Figure S1).

In summary, we determined that SNHG?7 is up-regulated in OC
tissues and cell lines. SNHG7 serves as a potential oncogene by pro-
moting cellular proliferation, migration and invasion. SNHG7 may in-
duce KLF2 epigenetic silencing via EZH2 binding. Additional future
study of SNHG7 may ultimately serve to enhance the utility of this
biomarker for the diagnosis and treatment of OC in humans, reduc-
ing the spread of this deadly disease.

Our study revealed that the taken together, our results indicate
that SNHG?7 is significantly up-regulated in ovarian cancer tissues.
SNHG7 may exert oncogenic activity by epigenetically altering KLF2
transcription via binding to EZH2. Further studies of the clinical rel-
evance and functionality of SNHG7 may play a key role in improving

OC prognoses and diagnoses.



BAI ET AL.

488
8 | wWiLEy

5 | ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

This study was approved by the Ethics Committees of Xi'an Jiaotong
University. Informed consent was obtained from each patient, including
consent for their samples to be taken and used for research purposes
before surgery. All in vivo protocols were approved by the Institutional
Animal Care and Use Committee of Xi'an Jiaotong University.

Consent for publication: Not applicable.

ACKNOWLEDGEMENTS
We thank MiTranscriptome data set for providing data and all the
patients participated in our study.

CONFLICT OF INTEREST

The authors confirm that there are no conflicts of interest.

AUTHORS’ CONTRIBUTIONS

JR conceived and supervised the study; JR and ZLB designed ex-
periments; JR, ZLB, YYW, SHB, YLY, HJK, WM, JZZ, YG and BNH
performed experiments; HLM provided new tools and reagents; JR,
HLM, XZZ and RL analysed data; JR and ZLB wrote the manuscript;
JR and XZZ made manuscript revisions. All authors have read and

approved the final version of this submission.

DATA AVAILABILITY STATEMENT
The data sets used and analysed during the current study are avail-

able from the MiTranscriptome database (www.mitranscriptome.

org/).

ORCID

Juan Ren https://orcid.org/0000-0002-8360-8286
REFERENCES

1. Lieto E, Ferraraccio F, Orditura M, et al. Expression of vascular endo-
thelial growth factor (VEGF) and epidermal growth factor receptor
(EGFR) is an independent prognostic indicator of worse outcome in
gastric cancer patients. Ann Surg Oncol. 2008;15:69-79.

2. Maleki J, Nourbakhsh M, Shabani M, et al. 17beta-estradiol stim-
ulates generation of reactive species oxygen and nitric oxide in
ovarian adenocarcinoma cells (OVCAR 3). Iranian J Cancer Prev.
2015;8:2332.

3. Coleman RL, Monk BJ, Sood AK, Herzog TJ. Latest research and
treatment of advanced-stage epithelial ovarian cancer. Nature Rev
Clin Oncol. 2013;10:211-224.

4. Dijebali S, Davis CA, Merkel A, et al. Landscape of transcription in
human cells. Nature. 2012;489:101-108.

5. Roberts TC, Morris KV, Wood MJ. The role of long non-coding
RNAs in neurodevelopment, brain function and neurological dis-
ease. Philos Trans R Soc Lond B Biol Sci. 2014, 369(1652). https://doi.
org/10.1098/rstb.2013.0507

6. Huang J, Zhou N, Watabe K, et al. Long non-coding RNA UCA1 pro-
motes breast tumor growth by suppression of p27 (Kip1). Cell Death
Dis. 2014;5:e1008.

7. HuY, Wang J, Qian J, et al. Long noncoding RNA GAPLINC regu-
lates CD44-dependent cell invasiveness and associates with poor
prognosis of gastric cancer. Can Res. 2014,74:6890-6902.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Zhuo H, Tang J, Lin Z, et al. The aberrant expression of MEG3 regu-
lated by UHRF1 predicts the prognosis of hepatocellular carcinoma.
Mol Carcinog. 2016;55:209-219.

Poliseno L, Salmena L, Zhang J, Carver B, Haveman WJ, Pandolfi PP.
A coding-independent function of gene and pseudogene mRNAs
regulates tumour biology. Nature. 2010;465:1033-1038.

Wang F, Zhou J, Xie X, et al. Involvement of SRPK1 in cisplatin re-
sistance related to long non-coding RNA UCA1 in human ovarian
cancer cells. Neoplasma. 2015;62:432-438.

Kim YS, Hwan JD, Bae S, Bae DH, Shick WA.. Identification of differ-
entially expressed genes using an annealing control primer system
in stage Il serous ovarian carcinoma. BMC Cancer. 2010;10:576.
Wang KC, Chang HY. Molecular mechanisms of long noncoding
RNAs. Mol Cell. 2011;43:904-914.

Kung JT, Colognori D, Lee JT. Long noncoding RNAs: past, present,
and future. Genetics. 2013;193:651-669.

Zhang W, Levi L, Banerjee P, Jain M, Noy N. Kruppel-like factor 2
suppresses mammary carcinoma growth by regulating retinoic acid
signaling. Oncotarget. 2015;6:35830-35842.

Wu J, Lingrel JB. KLF2 inhibits Jurkat T leukemia cell growth via
upregulation of cyclin-dependent kinase inhibitor p21WAF1/CIP1.
Oncogene. 2004;23:8088-8096.

Wong JC, Guo L, Peng Z, et al. Application of p21 and kIf2 reporter
gene assays to identify selective histone deacetylase inhibitors for
cancer therapy. Bioorg Med Chem Lett. 2011;21:110-116.

Wang L, Park HJ, Dasari S, Wang S, Kocher JP, Li W. CPAT: Coding-
Potential Assessment Tool using an alignment-free logistic regres-
sion model. Nucleic Acids Res. 2013;41:e74.

lyer MK, Niknafs YS, Malik R, et al. The landscape of long noncoding
RNAs in the human transcriptome. Nat Genet. 2015;47:199-208.
Liu YW, Xia R, Lu K, et al. LincRNAFEZF1-AS1 represses p21 ex-
pression to promote gastric cancer proliferation through LSD1-
Mediated H3K4me2 demethylation. Mol Cancer. 2017;16:39.
Brockdorff N. Noncoding RNA and Polycomb recruitment. RNA.
2013;19:429-442.

Ponting CP, Oliver PL, Reik W. Evolution and functions of long non-
coding RNAs. Cell. 2009;136:629-641.

ShiY, LiJ, LiuY, et al. The long noncoding RNA SPRY4-IT1 increases
the proliferation of human breast cancer cells by upregulating
ZNF703 expression. Mol Cancer. 2015;14:51.

Xu TP, Liu XX, Xia R, et al. SP1-induced upregulation of the long
noncoding RNA TINCR regulates cell proliferation and apopto-
sis by affecting KLF2 mRNA stability in gastric cancer. Oncogene.
2015;34:5648-5661.

Liu X-H, Sun M, Nie F-Q, et al. Lnc RNA HOTAIR functions as a com-
peting endogenous RNA to regulate HER2 expression by sponging
miR-331-3p in gastric cancer. Mol Cancer. 2014;13:92.

Shen Y, Wang Z, Loo LW, et al. LINCO0472 expression is regulated
by promoter methylation and associated with disease-free survival
in patients with grade 2 breast cancer. Breast Cancer Res Treat.
2015;154:473-482.

Yang H, Liu P, Zhang J, et al. Long noncoding RNA MIR31HG
exhibits oncogenic property in pancreatic ductal adenocar-
cinoma and is negatively regulated by miR-193b. Oncogene.
2016;35:3647-3657.

Huang MD, Chen WM, Qi FZ, et al. Long non-coding RNA TUG1 is
up-regulated in hepatocellular carcinoma and promotes cell growth
and apoptosis by epigenetically silencing of KLF2. Mol Cancer.
2015;14:165.

Cheng Y, Jutooru |, Chadalapaka G, Corton JC, Safe S. The long
non-coding RNA HOTTIP enhances pancreatic cancer cell prolifer-
ation, survival and migration. Oncotarget. 2015;6:10840-10852.
Bhan A, Mandal SS. LncRNA HOTAIR: A master regulator
of chromatin dynamics and cancer. Biochem Biophys Acta.
2015;1856:151-164.


http://www.mitranscriptome.org/
http://www.mitranscriptome.org/
https://orcid.org/0000-0002-8360-8286
https://orcid.org/0000-0002-8360-8286
https://doi.org/10.1098/rstb.2013.0507
https://doi.org/10.1098/rstb.2013.0507

BAI ET AL.

WILEY-®

30. Wu X, ZhangJZ, Yang PF, Huang QH, Liu JM. Regulation of Kruppel-
like factor 2 (KLF2) in the pathogenesis of intracranial aneurysm
induced by hemodynamics. Am J Transl Res. 2017;9:5452-5460.

SUPPORTING INFORMATION
Additional supporting information may be found online in the
Supporting Information section.

How to cite this article: Bai Z, Wu Y, Bai S, et al. Long
non-coding RNA SNGH7 Is activated by SP1 and exerts
oncogenic properties by interacting with EZH2 in ovarian
cancer. J Cell Mol Med. 2020;24:7479-7489. https://doi.
org/10.1111/jcmm.15373



https://doi.org/10.1111/jcmm.15373
https://doi.org/10.1111/jcmm.15373

