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downregulation of IncRNA SSTR5-AS1 promotes
progression and metastasis of laryngeal
squamous cell carcinoma
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Abstract

Background: Laryngeal squamous cell carcinoma (LSCC) is among the most common malignant tumors with poor
prognosis. Accumulating evidences have identified the important roles of long noncoding RNAs (IncRNAs) in the
initiation and progression of various cancer types; however, the global INncRNAs expression profile for metastatic LSCC
is limited.

Results: In the present study, we screen expression profiles of INcRNAs in advanced LSCC patients with paired tumor
tissues and corresponding normal tissues by microarrays. We identify numerous differentially expressed transcripts,
and after the necessary verification of the transcripts expression in expanded samples, we experimentally validate the
expression patterns of the remarkable low expressed gene, SSTR5, and its antisense INCRNA, SSTR5-AS1. Downregula-
tion of SSTR5 is detected in LSCC tissues and laryngeal carcinoma cells. Aberrant DNA hypermethylation of the CpG
sites clustered in the exon 1 and accumulation of inactive histone modifications at SSTR5 promoter region may be
epigenetic mechanisms for its inactivation in LSCC. SSTR5-AST may play antitumor role in LSCC and may be regulated
by the hypermethylation of the same CpG sites with SSTR5. SSTR5-AS1 inhibits laryngeal carcinoma cells proliferation,
migration, and invasion. SSTR5-AST increases the enrichment of MLL3 and H3K4me3 at the promoter region of SSTR5
by interacting with MLL3 and further induces the transcription of SSTR5. Furthermore, SSTR5-AS1 interacts with and
recruits TETT to its target gene E-cadherin to activate its expression.

Conclusion: These findings suggest that the identified INcCRNAs and mRNAs may be potential biomarkers in meta-
static LSCC, and SSTR5-AS1 may act as a tumor suppressor as well as a potential biomarker for antitumor therapy.
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Background

Head and neck squamous cell carcinoma (HNSC) is the
sixth most common type of cancer worldwide [1]. Laryn-
geal cancer is one of the most common head and neck
cancers with well-defined risk factors such as tobacco
abuse. Laryngeal cancer is responsible for 13,430 new
cases and 3620 cancer-related deaths annually in the USA
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[2]. The incidence and mortality of laryngeal cancer were
26,400 and 14,500 patients in China in the year of 2015
[3]. Laryngeal squamous cell carcinoma (LSCC) is the
predominant pathological subtype of laryngeal cancer.
Despite the improvements in diagnosis and treatment,
there is no significant improvement in the 5-year survival
rate for LSCC in the past 30 years (from 59.6 to 66.8%)
[4]. The exact molecular mechanisms and prognostic fac-
tors of LSCC still remain unclarified. Thus, identifying
specific biomarkers to enable effective targeted therapy
strategies is urgent for the improvement in diagnosis,
treatment, and prognosis of LSCC.
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Screening and identification of the differentially
expressed coding genes and noncoding RNAs may
be crucial for the diagnosis, prognosis, and personal-
ized treatment of LSCC. Long noncoding RNAs (IncR-
NAs) are generally greater than 200 bp in transcription
size and identified as nonprotein-coding transcripts [5].
LncRNAs are implicated in diverse biological processes
and disease-related pathways, such as immune response,
epigenetic regulation, lineage commitment, alternative
splicing, cell proliferation and differentiation, alterna-
tion of protein localization, modulation of protein activ-
ity, and precursors of small RNAs [6-8]. Although many
efforts have been made to annotate IncRNAs, the func-
tions of most IncRNAs are still unclarified and only a few
dozen of IncRNAs have been well characterized such as
HOTAIR [9], ANRIL [10], and MEG3 [11].

Accumulating evidences have identified the impor-
tant roles of IncRNAs in the initiation and progression
of various cancer types. Critical IncRNAs may serve as
potential biomarkers for early diagnosis, prognosis, and
potential therapy targets in certain carcinomas [12-14].
However, the global IncRNAs and mRNAs expression
profiles for LSCC are limited. Only a few studies focused
on the role of IncRNAs on LSCC occurrence and pro-
gression [15—17]. Because the databases of IncRNAs have
been constantly updated and due to the strong hetero-
geneity of tumors, it is necessary for the intensive study
of the contribution of IncRNAs in metastatic LSCC.
In the present study, we screened expression profiles of
mRNAs and IncRNAs in four advanced LSCC patients
(with lymph node metastasis) with paired tumor tissues
and corresponding normal tissues by microarrays and
identified numerous differentially expressed transcripts.
After the necessary verification of the transcripts expres-
sion in expanded samples, we experimentally validated
the expression patterns of the remarkable low expressed
gene, SSTR5, and its antisense IncRNA, SSTR5-AS1. We
further analyzed the epigenetic inactivation mechanisms
including methylation and acetylation of SSTR5 and
SSTR5-AS1 and further examined the functional role of
SSTR5-AS1 and its regulation on SSTR5 expression.

Results

The gene expression profiles of LSCC tissues and cor-
responding normal tissues were significantly different.
There are 2809 differentially expressed mRNAs, 1791 of
which are upregulated and 1018 downregulated in cancer
tissues. There are 3073 differentially expressed IncRNAs,
1967 of which are upregulated and 1106 downregulated
in cancer tissues (fold change >2, P<0.05) (Fig. 1A).
Hierarchical cluster analyses indicated that the expres-
sion patterns in LSCC tissues were significantly different
from those in corresponding normal tissues (Fig. 1B).
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Gene Ontology (GO) and pathway analyses were
performed to understand the biological processes. GO
analysis revealed that aberrantly expressed mRNAs
were mainly involved in three cellular component
domains, including condensed chromosome outer kine-
tochore, MCM complex, and condensin complex; three
biological process domains, including DNA unwind-
ing involved in DNA replication, negative regulation of
thymocyte apoptotic process, and response to cortisol;
and two molecular function domains, including single-
stranded DNA-dependent ATPase activity and myosin
light chain binding (Fig. 1C). Pathway analysis revealed
that aberrantly expressed mRNAs were mainly involved
in immune-related signaling pathway and tumor-
related pathway, including cytokine—cytokine receptor
interaction, chemokine signaling pathway, natural killer
cell-mediated cytotoxicity, T cell receptor signaling
pathway, cell adhesion molecules, cell cycle, p53 signal-
ing pathway, ECM-receptor interaction (Fig. 1D).

In order to confirm the results of microarray, we
investigated the expression levels of some IncRNAs in
48 pairs of LSCC tissues and corresponding normal
tissues. These IncRNAs included HOTAIR, TINCR,
LINCO00511, and LINC00520 (upregulated in LSCC tis-
sues in microarray), MEG3 and ZNF667-AS1 (down-
regulated in LSCC tissues in microarray), and HULC
(with no significant expression difference between
tumors and corresponding normal tissues in microar-
ray). The expression pattern of these IncRNAs in the
LSCC tissues and corresponding normal tissues was in
good agreement with that in the microarray, indicating
the credibility and reliability of the results of microar-
ray (Fig. 1E).

We focused our attention on a number of IncRNAs
which with relatively high-fold-change expression and
target gene prediction suggested associations with
important biological function in cis and in trans. Among
the differentially expressed IncRNAs, there are 185 dif-
ferentially expressed antisense IncRNA transcripts. For
these antisense IncRNAs, we identified one transcript
with 0.03-fold change downregulation in the tumors and
its sense transcript SSTR5 with 0.06-fold change down-
regulation in tumor tissues (Additional file 1: Table S5).
The computational analysis of coding potential sug-
gested a very low coding potential of SSTR5-AS1 gene.
Schematic representation of the genomic organization
of SSTR5 and SSTR5-AS1 is shown in Fig. 2A. There
are two transcripts of SSTR5, and the main transcript
(NM_001053) is located at chrl6: 1078781-1081454
(GRCh38/hg38). SSTR5-AS1 (NR_027242) is located at
chr16: 1064081-1078731 (GRCh38/hg38), and there are
51 bases interval between the transcriptional start site of
SSTR5 and SSTR5-AS1.
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Fig. 1 Differentially expressed mRNA and IncRNA in metastatic LSCC by microarray array. A Scatter plot and volcano plot of the mRNA and

INncRNA distribution in LSCC tissues and corresponding normal tissues. a Scatter plot of mRNA distribution; b volcano plot of mRNA distribution;

c scatter plot of IncRNA distribution; d volcano plot of IncRNA distribution. B Heatmap of the mRNA and IncRNA expression in LSCC tissues and
corresponding normal tissues. C GO analysis of differentially expressed mRNA. D KEGG pathway analysis of differentially expressed mRNA. E
Relative expression level of HOTAIR, TINCR, LINC00511, LINC00520, MEG3, ZNF667-AS1, and HULC in LSCC tissues and corresponding normal tissues
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We first scanned relative expression level of SSTR5 in
various tumor types in GEPIA dataset and found sig-
nificant downregulation of SSTR5 in most of the tumor
types including adrenocortical carcinoma (ACC), kidney
renal clear cell carcinoma (KIRC), and pheochromocy-
toma and paraganglioma (PCPG) (Fig. 2B). The mRNA
expression level of SSTR5 in LSCC tumor tissues was
significantly decreased than that in corresponding nor-
mal tissues in the present study (P<0.01) (Fig. 2C). The
expression level of SSTR5 in LSCC tumor tissues was
associated with TNM stage and lymph node metastasis
(P<0.05) (Fig. 2D). The pattern of immunohistochemical
staining of SSTR5 was cytoplasmic (Fig. 2E). The positive
protein expression frequency of SSTR5 in tumor tissues
(33.3%, 16/48) was significantly lower than that in corre-
sponding normal tissues (72.9%, 35/48) (P<0.05). Protein

expression of SSTR5 was associated with TNM stage and
lymph node metastasis (P<0.05) (Table 1). We further
detected the expression level of SSTR5 in laryngeal car-
cinoma cell lines and found significant downregulation of
SSTR5 in four laryngeal carcinoma cells (Fig. 2F).
Significant downregulation of SSTR5-AS1 was also
found in various tumor types in GEPIA dataset (Fig. 2G).
The expression level of SSTR5-AS1 was significantly
decreased in LSCC tissues (Fig. 2H) and was corre-
lated with TNM stage, pathological differentiation, and
lymph node metastasis in the present study (Fig. 2I).
Downregulation of SSTR5-AS1 was also detected in the
four laryngeal carcinoma cells (Fig. 2]). Higher general
mRNA expression level of SSTR5 than SSTR5-AS1 was
found either in LSCC tissues or in corresponding nor-
mal tissues (Fig. 2K). However, the average fold change
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Fig. 2 Expression status of SSTR5 and SSTR5-AS1 in LSCC tissues and laryngeal carcinoma cell lines. A Schematic representation of the genomic
organization and epigenetic marks of SSTR5 and SSTR5-AS1 (data from UCSC Genome Browser). B Relative expression of SSTR5 in various tumor
types in GEPIA dataset. ACC adrenocortical carcinoma, BLCA bladder urothelial carcinoma, BRCA breast invasive carcinoma, CESC cervical squamous
cell carcinoma and endocervical adenocarcinoma, CHOL cholangio carcinoma, COAD colon adenocarcinoma, DLBC lymphoid neoplasm diffuse
large B cell lymphoma, ESCA esophageal carcinoma, GBM glioblastoma multiforme, HNSC head and neck squamous cell carcinoma, KICH kidney
chromophobe, KIRC kidney renal clear cell carcinoma, KIRP kidney renal papillary cell carcinoma, LAML acute myeloid leukemia, LGG brain lower
grade glioma, LIHC liver hepatocellular carcinoma, LUAD lung adenocarcinoma, LUSC lung squamous cell carcinoma, MESO mesothelioma,

OV ovarian serous cystadenocarcinoma, PAAD pancreatic adenocarcinoma, PCPG pheochromocytoma and paraganglioma, PRAD prostate
adenocarcinoma, READ rectum adenocarcinoma, SARC sarcoma, SKCM skin cutaneous melanoma, STAD stomach adenocarcinoma, TGCT testicular
germ cell tumors, THCA thyroid carcinoma, THYM thymoma, UCEC uterine corpus endometrial carcinoma, UCS uterine carcinosarcoma, UVYM uveal
melanoma. C Relative expression level of SSTR5 in LSCC tissues and corresponding normal tissues, as determined by gRT-PCR method. *P < 0.05.

D Relative expression level of SSTR5 in different subgroups. *P < 0.05. E Immunohistochemical staining of SSTR5 in LSCC tumor tissues and normal
tissues (SP x 400). a Positive staining of SSTR5 in normal tissue; b negative staining of SSTR5 in normal tissue; ¢ positive staining of SSTR5 in LSCC
tissue; d negative staining of SSTR5 in LSCC tissue. F Relative expression level of SSTR5 in human laryngeal carcinoma cell lines. Pools: average
expression in ten normal tissues was used as normal control. *Compared with pools, P<0.05. G Relative expression level of SSTR5-AST in various
tumor types in GEPIA dataset. H Relative expression level of SSTR5-AST in LSCC tissues and corresponding normal tissues, as determined by gRT-PCR
method. *P<0.05. |. Relative expression level of SSTR5-AS1 in different subgroups. *P < 0.05. J Relative expression level of SSTR5-AS1 in human
laryngeal carcinoma cell lines. *Compared with pools, P <0.05. K Expression comparison of SSTR5 and SSTR5-AST in LSCC tissues and corresponding
normal tissues. *P<0.05. L Correlation between the expression of SSTR5 and SSTR5-AST in HNSC tissues in GEPIA dataset. M Correlation between
the expression of SSTR5 and SSTR5-AS1 in LSCC tissues




Wang et al. Epigenetics & Chromatin (2019) 12:35

Page 5 of 17

Table 1 Protein expression and methylation status of SSTR5 in LSCC tumor tissues

Groups N Protein expression Methylation frequency Methylation frequency
(promoter) (Exon 1)
n (%) P n (%) P n (%) P

Age

<60 25 9 (36.0) 4(16.0) 13(52.0)

>60 23 7(304) 0.683 5(21.7) 0.611 14 (60.9) 0.536
Gender

Male 46 15 (32.6) 9(19.6) 26 (56.5)

Female 2 1(50.0) 0.610 0(0.0) 0.488 1(50.0) 0.856
Smoking

Negative 10 4(40.0) 2(20.0) 5(50.0)

Positive 38 12 (31 0.615 7(184) 0.909 22(57.9) 0.654
TNM stage

411 19 10 (52.6) (15.8) 7(36.8)

N+ 1v 29 6 (20.7) 0.022 (20.7) 0.671 20 (68.9) 0.028
Pathological differentiation of tumor

Well 20 9 (45.0) 3(15.0) 8 (40.0)

Moderate 16 5(31.3) 3(18.7) 10 (62.5)

Poor 12 2(16.7) 0.252 3(25.0) 0.782 9(75.0) 0.128
LN metastasis

Negative (NO) 22 11 (50.0) 18.2) (36.4)

Positive (N1/2/3) 26 5(19.2) 0.024 5(19.2) 0.926 19 (73.1) 0011

(See figure on next page.)

Fig. 3 Epigenetic regulation mechanisms of inactivation of SSTR5 and SSTR5-AS1 in LSCC. a Schematic structure of SSTR5 and SSTR5-AS1

CpG islands predicted by MethPrimer. MSP regions analyzed are indicated in the different regions. Relative expression levels of SSTR5 (b) and
SSTR5-AST (€) in 5-Aza-dC-, TSA-, 5-Aza-dC/TSA-treated laryngeal carcinoma cells. *Compared with untreated cells, P<0.05. D, E. High-resolution
mapping of the methylation status of every CpG site in the promoter and exon 1 regions of SSTR5 (d) and SSTR5-AS1 (e) by BGS assay in four
laryngeal carcinoma cells. Each CpG site is shown at the top row as an individual number. Percentage methylation was determined as percentage
of methylated cytosines from eight to ten sequenced colonies. The color of circles for each CpG site represents the percentage of methylation.
Methylation status of the promoter and exon 1 regions of SSTR5 (f) and SSTR5-AS1 (g) determined by BS-MSP analysis in laryngeal carcinoma cells
treated or untreated with 5-Aza-dC. Relative expression levels of SSTR5 (h) and SSTR5-AST (i) in the tumor tissues with and without methylation of
the promoter and exon 1 regions. *P<0.05. ChIP assay was used to determine the enrichment of H3K4me3 (j), H3K9ac (k), H3K9me?2 (1) within the
SSTR5 promoter in AMC-HN-8 cells. *Compared with untreated cells, P<0.05

of SSTR5-AS1 expression level was higher than SSTR5
expression level in LSCC tissues compared with corre-
sponding normal tissues (Fig. 2K). A positive correlation
was shown between the expression levels of SSTR5 and
SSTR5-AS1 in HNSC tissues in GEPIA dataset (Fig. 2L).
In the present study, we also detected positive correlation
between the expression levels of SSTR5 and SSTR5-AS1
in LSCC tissues (Fig. 2M).

To explore the inactivation mechanisms of SSTR5
and SSTR5-AS1, we analyzed the distribution of CpG
islands of both genes and found obvious CpG islands
in the promoter and exon 1 regions of SSTR5 and
SSTR5-AS1 (Fig. 3a). Because SSTR5 and SSTR5-AS1
are head-to-head genes which are amplified from oppo-
site direction, the distribution of CpG sites is identical,

just reverse distribution. Furthermore, bioinformatics
analysis found abundant H3K4me3 signals in the pro-
moter region of SSTR5 and SSTR5-AS1, suggesting
that SSTR5 and SSTR5-AS1 might be regulated by his-
tone modification. We treated the laryngeal carcinoma
cells with DNA methyltransferase inhibitor 5-Aza-dC
and/or histone deacetylase inhibitor TSA. As shown in
Fig. 3b, ¢, the expression levels of SSTR5 and SSTR5-
AS1 were significantly increased in the 5-Aza-dC-,
TSA-, 5-Aza-dC/TSA-treated laryngeal carcinoma
cells, and the effect was more apparent in the 5-Aza-
dC/TSA-treated cells, indicating that the expression of
SSTR5 and SSTR5-AS1 might be co-regulated by DNA
methylation and histone modification.
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We detected the methylation status of CpG sites in the
promoter and exon 1 regions of SSTR5 and SSTR5-AS1
in four laryngeal carcinoma cells by BGS assay. As shown
in Fig. 3d, frequent CpG sites methylation was observed
in the exon 1 region of SSTR5, while frequent methylated
CpG sites were located in the promoter region of SSTR5-
AS1 (Fig. 3e), which were corresponding to the CpG sites
in the exon 1 of SSTR5. The two pairs of BS-MSP prim-
ers were designed according to the distribution of meth-
ylated CpG sites in the promoter and exon 1 regions of
SSTR5 and SSTR5-AS1. As shown in Fig. 3f, g, apparent
methylation of exon 1 of SSTR5 and promoter of SSTR5-
AS1 was detected in laryngeal carcinoma cells before
5-Aza-dC treatment and the methylation status was com-
pletely reversed after 5-Aza-dC treatment, suggesting the
important role of exon 1 methylation of SSTR5 and pro-
moter methylation of SSTR5-AS1 in gene silencing. The
methylation status of the promoter and exon 1 regions of
SSTR5 and SSTR5-AS1 was further successfully detected
in all tissue specimens by BS-MSP method. For SSTR5,
of primary LSCC tissues and corresponding normal tis-
sues, hypermethylation was observed in 18.7% (9/48) and
10.4% (5/48) at promoter region, 56.3% (27/48) and 12.5%
(6/48) at exon 1 region, respectively (Additional file 2:
Table S6). The methylation frequency of exon 1 region of
SSTR5 in LSCC tissues was significantly higher than that
in corresponding normal tissues (P<0.05). The methyla-
tion status of promoter region of SSTR5 in LSCC tissues
was not associated with any clinicopathologic charac-
teristics, while the methylation status of exon 1 in LSCC
tissues was associated with TNM stage and lymph node
metastasis (P<0.05) (Table 1). For SSTR5-AS1, of pri-
mary LSCC tissues and corresponding normal tissues,
hypermethylation was observed in 52.1% (25/48) and
14.6% (7/48) at promoter region, 16.7% (8/48) and 12.5%
(6/48) at exon 1 region, respectively (Additional file 3:
Table S7). The methylation frequency of promoter region
of SSTR5-AS1 in LSCC tissues was significantly higher
than that in corresponding normal tissues (P<0.05). The
methylation status of promoter region of SSTR5-AS1 in
LSCC tissues was associated with TNM stage, pathologi-
cal differentiation, and lymph node metastasis (P<0.05),
while the methylation status of exon 1 of SSTR5-AS1 in
LSCC tissues was not associated with any clinicopatho-
logic characteristics (Table 2).

The mRNA expression level of SSTR5 in LSCC tis-
sues with hypermethylation of exon 1 was significantly
decreased than that with unmethylation of this region
(P<0.05); however, the expression level of SSTR5 was not
associated with methylation status of promoter region
(P>0.05) (Fig. 3h). The protein expression of SSTR5 was
also significantly correlated with exon 1 methylation status
and was not correlated with promoter methylation status
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Table 2 Methylation status of SSTR5-AS1 in LSCC tumor
tissues

Groups N Methylation frequency
Promoter Exon 1
n (%) P n (%) P

Age

<60 25 12(48.0) 4(16.0)

>60 23 13(56.5) 0.555 4(17.4) 0.897
Gender

Male 46 24(52.2) 8(17.4)

Female 2 1(50.0) 0.952 0(0.0) 0518
Smoking

Negative 10 4(40.0) 2(20.0)

Positive 38 21(55.3 0.390 6(15.8) 0.751
TNM stage

[+ 19 6(31.6) 3(15.8)

41V 29 19(65.5) 0.021 5(17.2) 0.895
Pathological differentiation of tumor

Well 20 6(30.0) 2(10.0)

Moderate 16 10(62.5) 3(18.7)

Poor 12 9(75.0) 0.028 3(25.0) 0.525
LN metastasis

Negative (NO) 22 7(31.8) 3(13.6)

Positive (N1/2/3) 26 18(69.2) 0.010 5(19.2) 0.604

(Additional file 4: Table S8). As shown in Fig. 3i, the expres-
sion level of SSTR5-AS1 in LSCC tissues with hypermeth-
ylation of promoter region was significantly lower than
that with unmethylation of this region (P<0.05).

To determine the potential role of histone modifica-
tions on SSTR5 downregulation, the presence of active
(H3K4me3, H3K9ac) and inactive (H3K9me2) histone
modifications at SSTR5 promoter was further examined
by chromatin immunoprecipitation assay in AMC-HN-8
cells (Fig. 3j—1). The repressive mark H3K9me2 was most
enriched in AMC-HN-8 cells than active mark H3K4me3
and H3K9ac. Increased enrichment of H3K4me3 and
decreased enrichment of H3K9me2 were detected in
5-Aza-dC-treated AMC-HN-8 cells, and significant
increased enrichment of H3K9ac was detected in TSA-
treated AMC-HN-8 cells, indicating that in addition to
DNA methylation, histone modification is also involved
in the regulation of SSTR5 expression.

The function of SSTR-AS1 was further investigated
in laryngeal carcinoma cell lines. We first scanned and
detected the subcellular location of SSTR5-ASI in cells.
SSTR5-AS1 was mainly located in the nucleus of HepG2
and MCF7 in IncATLAS (http://Incatlas.crg.eu) (Fig. 4a).
In the present study, SSTR5-AS1 was distributed mainly
in the nucleus of TU212 and TU686 cells (Fig. 4b). The
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construct containing SSTR5-AS1 transcript (pcDNA3.1-
SSTR5-AS1) was transfected into AMC-HN-8 and TU177
cells, and the expression level of SSTR5-AS1 was signifi-
cantly increased in the transfected cells (Fig. 4c). Over-
expression of SSTR5-ASI led to a significant inhibition
of AMC-HN-8 and TU177 cells proliferation by CCK-8
and clone formation assay (Fig. 4d, ). Wound healing
assay demonstrated that overexpression of SSTR5-AS1
inhibited the migration ability of AMC-HN-8 and TU177
cells (Fig. 4f). Furthermore, overexpression of SSTR5-AS1
inhibited the invasion ability of AMC-HN-8 and TU177

cells by transwell invasion assay (Fig. 4g). For the nuclear
localization of SSTR5-AS1, we further knocked down
SSTR5-AS1 using ASO in TU686 cells (Additional file 5:
Fig. S1A). Transfection of ASO-SSTR5-AS1 in TU686
cells led to increased proliferation, migration, and inva-
sion ability of the cells (Additional file 5: Fig. S1B, C, D).
Antisense IncRNAs have been reported to regulate the
expression and function of sense mRNA in cis [18, 19].
This prompts us to analyze whether SSTR5-AS1 regulates
the expression of SSTR5. Overexpression of SSTR5-AS1
increased the mRNA and protein expression levels of
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SSTR5 in AMC-HN-8 cells (Fig. 5a, b). SSTR5-AS1 was
mainly distributed in the nucleus of cells, so we consid-
ered if SSTR5-AS]1 regulated the expression of SSTR5 in
nucleus by binding some proteins which play roles in the
nucleus, such as transcription factors and epigenetic reg-
ulatory enzymes. We noticed abundant H3K4me3 signals
in the promoter region of SSTR5, suggesting that SSTR5
might be regulated by histone methylation. Myeloid/lym-
phoid or mixed lineage leukemia (MLL) family genes are
the mostly important enzymes that modify H3K4 meth-
ylation [20, 21], so we wondered whether MLL family
genes might participate in SSTR5 regulation by binding
to SSTR5-AS1. We predicted the binding ability of MLL1
to MLL5 with SSTR5-AS1 by RPISeq (http://pridb.gdcb.
iastate.edu/RPISeq/) and found the greatest interac-
tion probability between MLL3 protein and SSTR5-AS1
(RF: 0.65 and SVM: 0.66). RNA immunoprecipitation
assay demonstrated the binding of SSTR5-AS1 to MLL3
protein in SSTR5-AS1-transfected AMC-HN-8 cells
(Fig. 5¢). Overexpression of MLL3 increased the mRNA
and protein expression level of SSTR5; moreover, co-
overexpression of MLL3 and SSTR5-AS1 demonstrated
stronger increasing effect of SSTR5 expression level both
in transcriptional and translational levels, indicating the
synergetic effect of MLL3 and SSTR5-AS1 on SSTR5 reg-
ulation (Fig. 5d, e). ChIP assay further revealed that over-
expression of SSTR5-AS1 increased the enrichment of
MLL3 and the level of H3K4me3 at the promoter region
of SSTR5 (Fig. 5f). Moreover, SSTR5 was positively cor-
related with MLL3 expression in HNSC by LinkedOmics
(Fig. 5g). Thus, SSTR5-AS1 increased the enrichment of
MLL3 and H3K4me3 at the promoter region of SSTR5
by interacting with MLL3 and further induced the tran-
scription of SSTR5.

We further investigated the role of SSTR5-AS1 in
EMT due to the inhibitory effect of SSTR5-AS1 on
laryngeal carcinoma cells migration and invasion. We
treated AMC-HN-8 cells with TGF-f for 21 days, which
caused the cells to undergo EMT, as indicated by a spin-
dle-shaped appearance (Fig. 6a) and accompanied with
decreased expression of the epithelial marker E-cadherin
and increased expression of the mesenchymal mark-
ers and transcription factors vimentin, CDH2, SNAII,
TWIST1, and ZEB1 (Fig. 6b). The expression level of
SSTR5-AS1 was significantly decreased in the TGF-f3-
treated cells (Fig. 6¢). Overexpression of SSTR5-AS1
increased the mRNA and protein expression levels of
E-cadherin, decreased the mRNA and protein expression
levels of vimentin, and, however, had no effect on the
expression levels of CDH2, SNAI1, TWIST1, and ZEB1
(Fig. 6d, e), suggesting that SSTR5-AS1 may inhibit EMT
process through regulating the expression of E-cadherin
and Vimentin in LSCC.
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For the more evident expression alterations of
E-cadherin in SSTR5-AS1-transfected cells, we fur-
ther focused on the regulatory effect of SSTR5-AS1 on
E-cadherin. Because SSTR5-AS1 was mainly distributed
in the nucleus of cells, we considered the regulatory
role of SSTR5-AS1 at the genomic level. Promoter CpG
sites hypermethylation of E-cadherin is a recognized
mechanism of its inactivation in numerous cancers.
Recently, the ten—eleven translocation (TET) gene fam-
ily (including TET1, TET2, and TET3) has been proved
to hydrolyze 5'-methylcytosine (5'-mc) to 5'-hydroxym-
ethylcytosine (5’-hmc) and finally erase the methyl group
from the CpG dinucleotides to activate gene expression.
E-cadherin is the reported TET target gene [22, 23], so
we considered whether SSTR5-AS1 interacts with TET to
regulate the expression of E-cadherin. We predicted the
binding ability of TET1, TET2, and TET3 to SSTR5-AS1
by RPISeq and found the greatest interaction probabil-
ity between TET1 protein and SSTR5-AS1 (RF: 0.75 and
SVM: 0.70). The hMeDIP-qPCR assay was used to track
the 5hmC change in the CpG-rich regions of E-cadherin
promoters, and co-expression of SSTR5-AS1 and TET1
in AMC-HN-8 cells significantly increased 5hmC levels
at the promoter regions of E-cadherin (Fig. 6f). ChIP-
qPCR analysis further demonstrated the binding of TET1
to the promoter regions of E-cadherin, and overexpres-
sion of SSTR5-AS1 significantly increased the enrich-
ment of TET1 at the promoter regions of E-cadherin
(Fig. 6g). Notably, RNA immunoprecipitation assay dem-
onstrated the binding of SSTR5-AS1 to TET1 protein in
SSTR5-AS1-transfected AMC-HN-8 cells (Fig. 6h). Thus,
SSTR5-AS1 interacts with and recruits TET1 to its target
gene E-cadherin to hydrolyze 5'-mc to 5’-hmc and fur-
ther activates E-cadherin expression.

Discussion

As an important member of ncRNAs, IncRNAs may play
essential regulatory role in driving cancer [24]. A large
number of IncRNAs are dynamically expressed across
different developmental stages and demonstrate tissue-
specific and differentiation-specific expression patterns
[25]. With the development of microarrays and high-
throughput RNA sequencing (RNA-seq), it is possible to
examine the transcriptomes to an unprecedented degree,
and a huge amount of IncRNAs is found to be uniquely
expressed in specific tumor types [26]. However, the con-
tribution of IncRNAs in metastatic LSCC remains largely
unclarified. In the present study, we investigated the
expression differences of mRNAs and IncRNAs between
the metastatic LSCC tissues and corresponding normal
tissues using microarray and identified amount of differ-
entially expressed mRNAs and IncRNAs, and the major-
ity of the IncRNAs have not yet been reported.
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There are several differentially expressed IncRNAs
with fold change greater than + 10, which include inter-
genic IncRNAs, intronic and exonic antisense IncRNAs,
bidirectional IncRNAs, and microRNA host IncRNAs.
Of which, AC098973.2 demonstrated the greatest fold
change (>200); however, there is no research report
about the roles of it in LSCC. Among the differentially

expressed IncRNAs with greater fold change, CCAT1
(fold change 35) has recently validated the oncogenic
roles in several cancer types [27, 28]. MEG3 is another
IncRNA with fold change 0.09 in the present study,
which has been widely studied in carcinomas and may
be involved in tumorigenesis as tumor suppressor [29,
30]. In order to confirm the results of microarray, we



Wang et al. Epigenetics & Chromatin (2019) 12:35

validated the expression of seven IncRNAs which have
been reported in other cancers. The validation results
were highly in great agreement with those in microar-
ray, and the expression tendency of HOTAIR, TINCR,
LINC00511, LINC00520, MEG3, and ZNF667-AS1 was
also consistent with literature reports in other carcino-
mas. However, HULC, which played oncogenic roles
in several cancers, including liver cancer and prostate
cancer [31, 32], demonstrated no significant expression
difference between LSCC tumors and corresponding
normal tissues in the present study, indicating that the
expression pattern of IncRNAs may have cell-type speci-
ficity, and further studies should be addressed to detect
the roles of tumor-specific IncRNAs.

Approximately 50-70% of IncRNAs are classified as
antisense IncRNAs [33]. The importance of antisense
IncRNAs has been overlooked for many years due to
their low expression level and heterogeneity; however,
antisense IncRNAs have attracted increased attention
due to their locus-specific effects in recent years. Studies
have shown that antisense IncRNAs may play important
roles in a highly cell-type-specific manner, exerting cis-
or trans-effects on protein-coding genes [34]. For exam-
ple, KRT7-AS is activated in gastric cancers and supports
cancer cell progression by increasing KRT7 expression
[35]. AChE-AS represses AChE expression via epigenetic
modification of the AChE promoter region and demon-
strates an anti-apoptotic effect in hepatocellular carci-
noma cells [36]. In the current study, we detected 185
differentially expressed antisense IncRNA transcripts
by microarray and noticed that both SSTR5-AS1 and its
sense protein-coding genes SSTR5 were with greater fold
change. Moreover, by genomic sequence analysis, obvi-
ous CpG islands were found in the promoter and exon
1 regions of SSTR5 and SSTR5-AS1, indicating the pos-
sible epigenetic regulation mechanisms on their expres-
sion regulation. Somatostatin (SMS), a neuropeptide with
multiple physiological activities, has recently been shown
to exert anti-tumor effect by affecting tumor cell prolif-
eration, angiogenesis, apoptosis, and the host’s immune
response [37]. Cellular functions of SMS are induced by
binding to G-protein-coupled plasma membrane recep-
tors SSTR1, 2A, 2B, 3, 4, and 5 on normal and tumoral
tissue targets. It has been well characterized that vari-
ous carcinomas express SSTRs with variable abun-
dance of subtypes [38]. In the present study, we verified
the tumor suppressor role of SSTR5 and SSTR5-AS1 in
LSCC progression; DNA hypermethylation and histone
modification may co-regulate the expression of SSTR5
and SSTR5-AS]1. Furthermore, SSTR5-AS1 may exert its
anti-tumor effect by inhibiting laryngeal carcinoma cells
proliferation, migration, and invasion.

Page 12 of 17

A large amount of antisense IncRNAs can regulate the
expression of sense protein-coding genes in cis, and IncR-
NAs located in the nucleus can guide and recruit DNA or
histone protein modification enzymes, or transcription
factors to specific genomic loci to regulate gene expres-
sion [39]. In the present study, we detected that SSTR5-
AS1 could upregulate SSTR5 expression by interacting
with MLL3. MLL3 is a member of the MLL family and
encodes a nuclear protein with an AT hook DNA-bind-
ing domain, a DHHC-type zinc finger, six PHD-type zinc
fingers, a SET domain, a post-SET domain, and a RING-
type zinc finger. This protein is a member of the ASC-2/
NCOA6 complex (ASCOM), which possesses histone
methylation activity and is involved in transcriptional
coactivation. SSTR5-AS1 increased the enrichment of
H3K4me3 at the promoter region of SSTR5 by interact-
ing with MLL3 and further induced the transcription of
SSTR5.

Epithelial-mesenchymal transition (EMT) process
widely occurred in the process of tumor metastasis. As
the epithelial marker, E-cadherin was downregulated
in numerous carcinomas and its inactivation was partly
attributed to aberrant promoter hypermethylation [40].
In the present study, downregulation of E-cadherin and
SSTR5-AS1 was detected in TGEF-B-treated laryngeal
carcinoma cells, indicating their essential role in LSCC
metastasis. DNA methylation has been considered to be
an extremely stable epigenetic marker until the identifica-
tion of the TET gene family. The TET enzymes function
as DNA demethylases which antagonize DNMT-medi-
ated DNA methylation and gene repression. E-cadherin
has been reported to be the TET target gene [22, 23], and
in the present study, SSTR5-AS1 was proved to activate
E-cadherin expression by recruiting TET1 to E-cadherin
to hydrolyze 5'-mc to 5-hmc. In summary, SSTR5-AS1
can cis-regulate the expression of SSTR5 by interacting
with MLL3. In the process of laryngeal squamous cell
carcinogenesis, when CpG sites hypermethylation occurs
in the promoter region of E-cadherin, SSTR5-AS1 may
also act as a tumor suppressor gene to upregulate the
expression of E-cadherin by recruiting TET1 to E-cad-
herin to hydrolyze 5'-mc to 5'-hmc, thus inhibiting the
occurrence of EMT.

Conclusions

In conclusion, the present study demonstrates apparent
differentially expressed mRNAs and IncRNAs profiles
in metastatic LSCC tissues and corresponding normal
tissues. SSTR5 may act as a tumor suppressor gene in
LSCC, and aberrant DNA hypermethylation of the CpG
sites clustered in the exon 1 and histone modification
on its promoter region may be epigenetic mechanisms
for its inactivation. SSTR5-AS1 may play anti-tumor
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role in LSCC and may be regulated by hypermethylation
of the same CpG sites with SSTR5. SSTR5-AS1 inhib-
its laryngeal carcinoma cells proliferation, migration,
and invasion. SSTR5-AS1 upregulates the expression of
SSTR5 by interacting with MLL3. Furthermore, SSTR5-
AS1 recruits TET1 to E-cadherin to hydrolyze 5'-mc to
5’-hmc and further activate E-cadherin expression.

Methods

Microarray processing and analysis

Agilent SBC Human (4*180 K) IncRNA Microarray (ID:
74348) was used to test the transcripts expression pro-
filing. The microarray comprises 77103 IncRNAs and
18853 mRNAs, and the databases are from Gene bank,
UCSC, LNCipedia, GENCODE v21/Ensemble, Lncr-
nadb, and Noncode. Four paired tissue specimens were
obtained from metastatic LSCC patients with lymph
node metastasis (Additional file 6: Table S1). Total RNA
was extracted using TAKARA RNAiso Plus#9109 fol-
lowing the manufacturer’s instructions and checked for
a RIN number to inspect RNA integrity by an Agilent
Bioanalyzer 2100. Qualified total RNA was further puri-
fied by RNeasy Mini Kit (Cat#74106, QIAGEN, GmBH,
Germany) and RNase-Free DNase Set (Cat#79254, QIA-
GEN, GmBH, Germany). The quality control of the LSCC
tissues is listed in Additional file 7: Table S2. Total RNA
was amplified and labeled by Low Input Quick Amp
WT Labeling Kit (Cat.# 5190-2943, Agilent technolo-
gies, Santa Clara, CA, US), following the manufacturer’s
instructions. Labeled cRNAs were purified by RNeasy
mini kit (Cat.# 74106, QIAGEN, GmBH, Germany). Each
slide was hybridized with 1.65 pg Cy3-labeled cRNA
using Gene Expression Hybridization Kit (Cat.# 5188-
5242, Agilent technologies, Santa Clara, CA, US), and
after 17 h hybridization, slides were washed in staining
dishes (Cat.# 121, Thermo Shandon, Waltham, MA, US)
with Gene Expression Wash Buffer Kit (Cat.# 5188-5327,
Agilent technologies, Santa Clara, CA, US). Slides were
scanned by Agilent Microarray Scanner (Cat#G2565CA,
Agilent technologies, Santa Clara, CA, US) with default
settings. Data were extracted with Feature Extraction
software 10.7 (Agilent technologies, Santa Clara, CA,
US). Raw data were normalized by Quantile algorithm,
limma packages in R.

Gene Ontology (GO) analysis and pathway analysis
were used to find out the significant function and path-
way of differentially expressed mRNAs in tumor tissues
compared to corresponding normal tissues. According
to the normalized signal intensity of specific expression
in mRNAs and IncRNAs, mRNA-IncRNA expression
correlation network was built to identify the correla-
tions between mRNAs and IncRNAs. CeRNA network
was constructed to discover ceRNA mechanism based
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on differentially expressed mRNAs and IncRNAs. The
IncRNAs in cis- and in trans-targeted genes were also
analyzed.

Patients and specimens

The IncRNA expression identification, SSTR5 and
SSTR5-AS1 expression were detected in 48 pairs of
LSCC tissues and corresponding normal tissues. The 48
LSCC patients were from Otorhinolaryngology Head and
Neck Surgery Biobank of Hebei Medical University, who
received surgery between the years of 2016 and 2017.
Written informed consent was obtained from all patients,
and the study was approved by the Ethics Committee of
Hebei Medical University. The patients consisted of 46
males and two females with a median age of 59.8 years
(ranged from 41 to 73 years). Primary LSCC tissues and
corresponding adjacent normal tissues were divided
into two parallel parts: one part were formalin fixed and
paraffin-embedded while the other part were frozen and
stored at —80 °C to extract genomic DNA and RNA.
Information on clinical data and clinicopathologic char-
acteristics was available from hospital recordings and
pathological diagnosis and is listed in Additional file 8:
Table S3.

Cell culture and treatment

Human laryngeal carcinoma cell lines AMC-HN-8,
TU212, TU686, and TU177 were purchased from Ameri-
can Type Culture Collection (ATCC, Manassas, VA,
USA). Cells were detected and identified as mycoplasma
and bacteria free according to ATCC’s instructions dur-
ing the past 3 months. For drug treatment, the dose and
timing of DNA methyltransferase inhibitor 5-Aza-dC
and/or histone deacetylase (HDAC) inhibitor TSA were
based on similar preliminary studies as well as published
studies showing optimal reactivation of gene expression.
Cells were seeded the day before the drug treatment.
Cells (2 x 10°/mL) were treated with 5 pM 5-Aza-dC
(Sigma, St Louis, MO, USA) for 72 h, and medium con-
taining 5-Aza-dC was changed every 24 h, or with
0.3 uM TSA (Sigma, St Louis, MO, USA) for 24 h, or with
the combination of 5 pM 5-Aza-dC for 48 h followed by
0.3 pM TSA for an additional 24 h. Control cells received
no drug treatment. For TGF-p1 treatment, AMC-HN-8
cells were treated with 10 ng/ml of recombinant TGE-
Bl (R&D Systems, Minneapolis, MN, USA) for 21 d with
TGEF-fB1 replenishment every 2 days.

RNA isolation and quantitative real-time RT-PCR assay

Total RNA was isolated from cell lines, frozen tumor, and
corresponding normal tissues using TRIzol reagent (Inv-
itrogen, Carlsbad, CA, USA). Two micrograms of RNA
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was employed to synthesize single-stranded cDNA using
the advantage RT-for-PCR kit (Clontech, Palo Alto, CA,
USA). Quantitative real-time RT-PCR analysis was per-
formed with the cDNA from each sample as template,
and Power SYBR Green PCR Master Mix (Life Technol-
ogy, Foster City, CA, USA) was used as amplification
reaction mixture. The GAPDH gene was used as an inter-
nal control. The 2724¢T method was used to calculate
fold change for the target genes [41]. The primers and
reaction conditions for the genes detected in the present
study are listed in Additional file 9: Table S4. All the sam-
ples were run in triplicate.

Western blot analysis

Whole cell lysates from the cell lines were prepared by
lysing the cells in ice-cold RIPA buffer. Total cell lysates
were prepared, and 20 pg of proteins was subjected to
Western blot analysis in 12% SDS-PAGE gels electropho-
resis under denaturing and reducing conditions. Specific
primary antibodies for SSTR5 (Rabbit antihuman poly-
clonal antibody, GTX79168, GeneTex, CA, USA) and
E-cadherin, vimentin, CDH2, SNAI1, TWIST1, ZEB1
(Santa Cruz, San Diego, CA, USA) were used. To ensure
equal loading in all the lanes, the blot was stripped and
probed with antibody against GAPDH.

Immunohistochemical staining

SSTR5 protein expression was determined by immu-
nostaining using the avidin—biotin complex immunoper-
oxidase method. Rabbit antihuman polyclonal antibody
for SSTR5 (1: 200 dilution; GTX79168, GeneTex, CA,
USA) was employed to detect protein expression of
SSTR5. Immunohistochemical staining was evalu-
ated according to a scoring method reported previously
[42]. Scoring accounted for both representation of the
areas and intensities of the stains. All of the slides were
reviewed concurrently by three experienced pathologists,
who were blinded to the treatment factor.

DNA extraction and sodium bisulfite treatment

Genomic DNA was extracted from laryngeal carcinoma
cell lines, frozen LSCC tumor, and corresponding nor-
mal tissues using a simplified proteinase K digestion
method. To examine the DNA methylation patterns, 1 pg
of genomic DNA was bisulfite modified using Epitect
Fast Bisulfite Conversion Kits (Qiagen, Germany) accord-
ing to the manufacturer’s protocol. After the standard
sodium bisulfite DNA modification, unmethylated cyto-
sine residues were converted to thymine, whereas meth-
ylated cytosine residues were retained as cytosine at CpG
sites.
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Methylated CpG sites distribution via bisulfite genomic
sequencing (BGS) method

BGS assay was used to detect the distribution of meth-
ylated CpG sites of SSTR5 and SSTR5-ASL1 in laryngeal
carcinoma cell lines. The methylation status of the CpG
sites of two regions according to the distribution of CpG
islands of SSTR5 and SSTR5-AS1 was, respectively,
detected: for SSTR5: promoter region: from —311 to
27 bp, exon 1 region: from 7 to 1183 bp; for SSTR5-AS1:
promoter region: from — 1231 to — 96 bp, exon 1 region:
from —71 to 331 bp. Fifty nanograms of bisulfite-mod-
ified DNA was subjected to PCR amplification, and the
PCR products were cloned into pGEM-T vectors (Pro-
mega, Madison, WI, USA), and eight to ten clones of
each specimen were sequenced by automated fluores-
cence-based DNA sequencing.

Methylation analysis of the different regions via bisulfite
conversion-specific and methylation-specific polymerase
chain reaction (BS-MSP) assay

According to the distribution of the main methylated
CpG sites by BGS analysis, the methylation status of
the promoter and exon 1 regions of SSTR5 and SSTR5-
AS1 was, respectively, analyzed by BS-MSP method: for
SSTR5: promoter region: from —191 to — 36 bp, exon 1
region: from 323 to 449 bp; for SSTR5-AS1: promoter
region: from — 497 to — 372 bp, exon 1 region: from — 14
to 142 bp. The primers and reaction conditions are listed
in Additional file 9: Table S4. BS-MSP products were
analyzed on 2% agarose gel with ethidium bromide stain-
ing and were determined to have methylation if a vis-
ible band was observed in the methylation reaction. The
reactions were performed in duplicate with each of the
samples.

Chromatin immunoprecipitation assay

The enrichment of the H3K4me3, H3K%ac, and H3K9me2
on the promoter region of SSTR5 in 5-Aza-dC-, TSA-,
5-Aza-dC/TSA-treated AMC-HN-8 cells, MLL3 and
H3K4me3 on the promoter region of SSTR5 or TET1
on the promoter region of E-cadherin in SSTR5-AS1-
transfected AMC-HN-8 cells was determined by chro-
matin immunoprecipitation (ChIP) assay with EZ-Magna
ChIP A/G (17-10086, Upstate, Millipore, MA, USA)
according to the manufacturer’s protocol. Antibodies
against H3K4me3, H3K9ac, H3K9me2, MLL3, and TET1
(Upstate, Millipore, MA, USA) were used for immuno-
precipitation. ChIP-derived DNA was quantified using
real-time qPCR analysis. The primers are shown in Addi-
tional file 9: Table S4. Amplifications were performed in
triplicate, and the enrichment was determined compared
with input.
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Subcellular fractionation

To determine the cellular localization of SSTR5-ASI,
cytosolic and nuclear fractions were collected from
TU212 and TU686 cells using Nuclear/Cytosol Frac-
tionation Kit (BioVision, Milpitas, CA, USA) in accord-
ance with the manufacturer’s instructions. Then, RNA
was isolated from the cytosolic and nuclear fractions, and
the level of SSTR5-AS1 in cytoplasm and nucleus was
determined by qRT-PCR method. GAPDH and U6 were,
respectively, used as cytoplasmic and nuclear control.

Cell transfection

For overexpression of SSTR5-AS1, the sequence of
SSTR5-AS1 was synthesized and subcloned into
pcDNA3.1 plasmid (Invitrogen, Carlsbad, CA, USA).
The AMC-HN-8 and TU177 cells were transfected with
SSTR5-AS1 expression plasmid (pcDNA3.1-SSTR5-
AS1) or the empty vector (pcDNA3.1-NC) as control
at a final concentration of 2 ug/uL using FUGENE HD
Transfection Reagent (Promega, Madison, WI, USA).
After selecting with G418, stable transfected cell lines
were obtained. The coding sequences of MLL3 and
TET1 were synthesized and subcloned into pcDNA3.1
plasmid. For inhibition of SSTR5-AS1, antisense oligo-
deoxynucleotides (ASO) specially targeted SSTR5-AS1
(ASO-SSTR5-AS1) (RiboBio, Guangzhou, China) was
transfected into TU686 cells using Lipofectamine®2000
Reagent (Invitrogen, Carlsbad, CA, USA).

Cell proliferation assay

The proliferation of cells was measured by cell-counting
kit-8 (CCK-8) and clone formation assay. For CCK-8
assay, 10 pl of CCK8 (Dojindo, Japan) was added to
the 100 ul cultured cells according to the manufac-
turer’s instruction, and after being incubated for 2 h,
the absorbance of each well was measured at a wave-
length of 492 nm. Proliferation rates were determined
at 0, 24, 48, 72, 96 h after transfection. All experiments
were repeated in triplicate. For clone formation assay,
the transfected cells were regularly cultured for 1 week
and then paraformaldehyde fixed and viola crystalline
stained, counting clones under a microscope.

Wound healing assay

For wound healing assay, a wound was made by a
straight scratch with a 200-uL pipette tip in the cul-
tured cells, and then the images were captured at the
same position of each well for 0 h, 12 h, and 24 h after
the wound was created under a microscope. The rela-
tive distance of cell migration to the scratched area was
measured, and a healing percentage was calculated. The
experiment was performed in triplicate.
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Cell invasion assay

The invasiveness of cells was evaluated in 24-well tran-
swell chambers (Corning, Kennebunk, ME, USA). The
number of cells invaded through the membrane to the
lower surface was counted in five microscopic fields (at
x 100 magnification) per filter. The experiments were
performed in triplicate.

RNA immunoprecipitation assay

The binding of SSTR5-AS1 to MLL3 or TET1 was
detected by RNA immunoprecipitation method using
MLL3 or TET1 antibody (Upstate, Millipore, MA,
USA) and the Magna RIP™ RNA-Binding Protein
Immunoprecipitation Kit (Millipore, Billerica, MA,
USA) according to the manufacturer’s instructions. The
IgG antibody was used as negative control. The purified
RNA was subjected to qRT-PCR analysis.

hMeDIP-qPCR analysis

Genomic DNA from cells was prepared using a phenol-
chloroform method. The hMeDIP assay was performed
as previously described [43]. Briefly, genomic DNA was
denatured and then immunoprecipitated with anti-
5hmC antibody or IgG control antibody and protein G
magnetic dynabeads (Invitrogen, Carlsbad, CA, USA).
The pulled-down DNA was analyzed by qPCR.

Statistical analysis

Statistical analysis was performed with SPSS19.0 soft-
ware package (SPSS Company, Chicago, Illinois, USA).
The real-time RT-PCR results were expressed as the
mean £ S.D. Student’s t test was used to compare the
expression means between different groups. The sta-
tus of gene methylation between different groups was
analyzed using Pearson’s Chi-square test. All statistical
tests were two sided, and P<0.05 was considered to be
statistically significant.

Additional files

Additional file 1: Table S5. The probe and expression of SSTR5 and
SSTR5-AST in microarray assay.

Additional file 2: Table S6. Protein expression and methylation status of
SSTR5 in LSCC tumor tissues and corresponding normal tissues.

Additional file 3: Table S7. Methylation status of SSTR5-AS1 in LSCC
tumor tissues and corresponding normal tissues.

Additional file 4: Table S8. The correlation between the protein expres-
sion and methylation status of SSTR5 in LSCC tumor tissues.

Additional file 5: Fig. S1. The influence of downregulation of SSTR5-
AS1 on laryngeal carcinoma cells proliferation, migration, and inva-
sion. A. Downregulation of SSTR5-AS1 was detected by qRT-PCR in
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ASO-transfected TU686 cells. * P <0.05. B. Knockdown of SSTR5-AS1
increased TU686 cells proliferation. * P < 0.05. C. Knockdown of SSTR5-
AST1 increased TU686 cells migration detected by wound healing assay. *
P <0.05. D. Knockdown of SSTR5-AST increased TU686 cells invasiveness
detected by transwell invasion assay. * P <0.05.

Additional file 6: Table S1. The clinical pathological characteristics of the
four LSCC cases for microarray assay.

Additional file 7: Table S2. The quality control of the LSCC tissues for
microarray assay.

Additional file 8: Table S3. Clinicopathologic characteristics of LSCC
cases.

Additional file 9: Table S4. Primer sequences and reaction conditions of
the genes in this study.

Abbreviations

LSCC: laryngeal squamous cell carcinoma; IncRNAs: long noncoding RNAs;
HNSC: head and neck squamous cell carcinoma; GO: Gene Ontology; ACC
:adrenocortical carcinoma; KIRC: kidney renal clear cell carcinoma; PCPG:
pheochromocytoma and paraganglioma; 5’-mc: 5'-methylcytosine; 5'-hmc:
5'-hydroxymethylcytosine; EMT: epithelial-mesenchymal transition; BGS:
bisulfite genomic sequencing; BS-MSP: bisulfite conversion-specific and
methylation-specific polymerase chain reaction; ChIP: chromatin immunopre-
cipitation; CCK-8: cell-counting kit-8.

Acknowledgements
We thank Dr. Wei Guo for the assistance with ChIP and hMeDIP-gPCR.

Authors’ contributions

Baoshan Wang designed the study and wrote the manuscript. Lei Zhao
detected the cells biological function. Weiwei Chi and Huan Cao conducted
the gRT-PCR assays, Western blot analysis, immunohistochemical staining,
BGS and BS-MSP assay. Lei Zhao, Weina Cui, and Wenxia Meng collected
and organized the clinical data. All authors read and approved the final
manuscript.

Funding

This study was supported by grants from the Key Program of Hebei Natural
Science Foundation (No. H2017206391) and the Project of Clinical Medical Tal-
ent Training and Basic Project Research Funded by Hebei Government (Hebei
finance society (2017) No. 46).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Second Hospital,
Hebei Medical University, and informed consent was obtained from all
recruited subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Otolaryngology Head and Neck Surgery Department, The Second Hospital
of Hebei Medical University, Heping West Road 215, Shijiazhuang 050005,
Hebei, China. 2 Otolaryngology Head and Neck Surgery Department, The First
Hospital of Hebei Medical University, Shijiazhuang, Hebei, China.

Received: 12 November 2018 Accepted: 31 May 2019
Published online: 13 June 2019

Page 16 of 17

References

1.

20.

21

22.

Gatta G, Botta L, Sdnchez MJ, Anderson LA, Pierannunzio D, Licitra L,
EUROCARE Working Group. Prognoses and improvement for head and
neck cancers diagnosed in Europe in early 2000s: the EUROCARE-5
population-based study. Eur J Cancer. 2015;51:2130-43.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin.
2016;66:7-30.

Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J.
Cancer statistics in China, 2015. CA Cancer J Clin. 2016;66:115-32.
Howlader N, Noone A, Krapcho M, Miller D, Bishop K, Altekruse S,

Kosary C, Yu M, Ruhl J, Tatalovich Z, et al. SEER cancer statistics review,
1975-2013. Bethesda: National Cancer Institute; 2013.

Guttman M, Amit |, Garber M, French C, Lin MF, Feldser D, Huarte M,

Zuk O, Carey BW, Cassady JP, et al. Chromatin signature reveals over a
thousand highly conserved large non-coding RNAs in mammals. Nature.
2009;458:223-7.

Beermann J, Piccoli MT, Viereck J, Thum T. Non-coding RNAs in
development and disease: background, mechanisms, and therapeutic
approaches. Physiol Rev. 2016;96:1297-325.

Guttman M, Donaghey J, Carey BW, Garber M, Grenier JK, Munson G,
Young G, Lucas AB, Ach R, Bruhn L, et al. lincRNAs act in the circuitry
controlling pluripotency and differentiation. Nature. 2011;477:295-300.
Klattenhoff CA, Scheuermann JC, Surface LE, Bradley RK, Fields PA,
Steinhauser ML, Ding H, Butty VL, Torrey L, Haas S, et al. Braveheart, a long
noncoding RNA required for cardiovascular lineage commitment. Cell.
2013;152:570-83.

Tang Q, Hann SS. HOTAIR: an oncogenic long non-coding RNA in human
cancer. Cell Physiol Biochem. 2018;47:893-913.

. Yap KL, Li S, Mufoz-Cabello AM, Raguz S, Zeng L, Mujtaba S, Gil J, Walsh

MJ, Zhou MM. Molecular interplay of the noncoding RNA ANRIL and
methylated histone H3 lysine 27 by polycomb CBX7 in transcriptional
silencing of INK4a. Mol Cell. 2010;38:662-74.

. HeY, LuoY, Liang B, Ye L, Lu G, He W. Potential applications of MEG3 in

cancer diagnosis and prognosis. Oncotarget. 2017,8:73282-95.

. Kopp F, Mendell JT. Functional classification and experimental dissection

of long noncoding RNAs. Cell. 2018;172:393-407.

. Gupta RA, Shah N, Wang KC, Kim J, Horlings HM, Wong DJ, Tsai MC, Hung

T, Argani P, Rinn JL, et al. Long non-coding RNA HOTAIR reprograms
chromatin state to promote cancer metastasis. Nature. 2010;464:1071-6.

. Chen L, Dzakah EE, Shan G. Targetable long non-coding RNAs in cancer

treatments. Cancer Lett. 2018;418:119-24.

. Shen Z,LiQ, Deng H, Lu D, Song H, Guo J. Long non-coding RNA profil-

ing in laryngeal squamous cell carcinoma and its clinical significance:
potential biomarkers for LSCC. PLoS ONE. 2014,9:e108237.

. Feng L, Wang R, Lian M, Ma H, He N, Liu H, Wang H, Fang J. Inte-

grated analysis of long noncoding RNA and mRNA expression
profile in advanced laryngeal squamous cell carcinoma. PLoS ONE.
2016;11:e0169232.

. Luo X, QiuY, JiangY, Chen F, Jiang L, Zhou Y, Dan H, Zeng X, Lei YL, Chen

Q. Long non-coding RNA implicated in the invasion and metastasis of
head and neck cancer: possible function and mechanisms. Mol Cancer.
2018;17:14.

. PelechanoV, Steinmetz LM. Gene regulation by antisense transcription.

Nat Rev Genet. 2013;14:880-93.

. Heilmann K, Toth R, Bossmann C, Klimo K, Plass C, Gerhauser C. Genome-

wide screen for differentially methylated long noncoding RNAs identifies
Esrp2 and INcRNAEsrp2-as regulated by enhancer DNA methyla-

tion with prognostic relevance for human breast cancer. Oncogene.
2017,36:6446-61.

Dhar SS, Zhao D, Lin T, Gu B, Pal K, Wu SJ, Alam H, Lv J, Yun K,
GopalakrishnanV, et al. MLL4 is required to maintain broad H3K4me3
peaks and super-enhancers at tumor suppressor genes. Mol Cell.
2018;70:825-41.

Ananthanarayanan M, Li Y, Surapureddi S, Balasubramaniyan N, Ahn J,
Goldstein JA, Suchy FJ. Histone H3K4 trimethylation by MLL3 as part of
ASCOM complex is critical for NR activation of bile acid transporter genes
and is downregulated in cholestasis. Am J Physiol Gastrointest Liver
Physiol. 2011,300.G771-81.

Chen JY, Luo CW, Lai YS, Wu CC, Hung WC. Lysine demethylase KDM2A
inhibits TET2 to promote DNA methylation and silencing of tumor sup-
pressor genes in breast cancer. Oncogenesis. 2017;6:e369.


https://doi.org/10.1186/s13072-019-0283-8
https://doi.org/10.1186/s13072-019-0283-8
https://doi.org/10.1186/s13072-019-0283-8
https://doi.org/10.1186/s13072-019-0283-8

Wang et al. Epigenetics & Chromatin (2019) 12:35

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

Chrysanthou S, Senner CE, Woods L, Fineberg E, Okkenhaug H, Burge

S, Perez-Garcia V, Hemberger M. A critical role of TET1/2 proteins

in cell-cycle progression of trophoblast stem cells. Stem Cell Rep.
2018;10:1355-68.

Bach DH, Lee SK. Long noncoding RNAs in cancer cells. Cancer Lett.
2018;419:152-66.

Brunner AL, Beck AH, Edris B, Sweeney RT, Zhu SX, Li R, Montgomery K,
Varma S, Gilks T, Guo X, et al. Transcriptional profiling of long non-coding
RNAs and novel transcribed regions across a diverse panel of archived
human cancers. Genome Biol. 2012;13:R75.

lyer MK, Niknafs YS, Malik R, Singhal U, Sahu A, Hosono Y, Barrette TR,
Prensner JR, Evans JR, Zhao S, et al. The landscape of long noncoding
RNAs in the human transcriptome. Nat Genet. 2015;47:199-208.

Zhang Z, Xie H, Liang D, Huang L, Liang F, Qi Q, Yang X. Long non-coding
RNA CCAT1 as a diagnostic and prognostic molecular marker in various
cancers: a meta-analysis. Oncotarget. 2018;9:23695-703.

Chen L, Hu N, Wang C, Zhao H, Gu Y. Long non-coding RNA CCAT1 pro-
motes multiple myeloma progression by acting as a molecular sponge of
miR-181a-5p to modulate HOXAT expression. Cell Cycle. 2018;17:319-29.
Zhang SZ, Cai L, Li B. MEG3 long non-coding RNA prevents cell growth
and metastasis of osteosarcoma. Bratis| Lek Listy. 2017;118:632-6.

Dong Z, Zhang A, Liu S, Lu F, Guo Y, Zhang G, Xu F, ShiY, Shen S, Liang J,
et al. Aberrant methylation-mediated silencing of INcRNA MEG3 func-
tions as a ceRNA in esophageal cancer. Mol Cancer Res. 2017;15:800-10.
Xin X, Wu M, Meng Q, Wang C, Lu Y, Yang Y, Li X, Zheng Q, Pu H, Gui X,

et al. Long noncoding RNA HULC accelerates liver cancer by inhibiting
PTEN via autophagy cooperation to miR15a. Mol Cancer. 2018;17:94.
Zheng P, Li H, Xu P, Wang X, Shi Z, Han Q, Li Z. High IncRNA HULC expres-
sion is associated with poor prognosis and promotes tumor progression
by regulating epithelial-mesenchymal transition in prostate cancer. Arch
Med Sci. 2018;14:679-86.

Katayama S, Tomaru Y, Kasukawa T, Waki K, Nakanishi M, Nakamura M,
Nishida H, Yap CC, Suzuki M, Kawai J, et al. Antisense transcription in the
mammialian transcriptome. Science. 2005;309:1564-6.

Wight M, Werner A. The functions of natural antisense transcripts. Essays
Biochem. 2013;54:91-101.

Page 17 of 17

35. Huang B, Song JH, Cheng Y, Abraham JM, Ibrahim S, Sun Z, Ke X, Meltzer
SJ. Long non-coding antisense RNA KRT7-AS is activated in gastric can-
cers and supports cancer cell progression by increasing KRT7 expression.
Oncogene. 2016;35:4927-36.

36. XiQ,Gao N, Zhang X, Zhang B, Ye W, Wu J, Zhang X. A natural antisense
transcript regulates acetylcholinesterase gene expression via epige-
netic modification in Hepatocellular Carcinoma. Int J Biochem Cell Biol.
2014;55:242-51.

37. Dasgupta P. Somatostatin analogues: multiple roles in cellular prolifera-
tion, neoplasis, and angiogenesis. Pharmacol Ther. 2004;102:61-85.

38. Maller LN, Stidsen CE, Hartmann B, Holst JJ. Somatostatin receptors.
Biochim Biophys Acta. 2003;1616:1-84.

39. LiangY, Chen X, Wu, LiJ, Zhang S, Wang K, Guan X, Yang K, Bai Y. LncRNA
CASC9 promotes esophageal squamous cell carcinoma metastasis
through upregulating LAMC2 expression by interacting with the CREB-
binding protein. Cell Death Differ. 2018. https://doi.org/10.1038/54141
8-018-0084-9.

40. Azarschab P, Stembalska A, Loncar MB, Pfister M, Sasiadek MM, Blin N.
Epigenetic control of E-cadherin (CDH1) by CpG methylation in metasta-
sising laryngeal cancer. Oncol Rep. 2003;10:501-3.

41. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(-Delta Delta C(T)) method. Methods.
2001;25:402-8.

42. Umemoto M, Yokoyama'Y, Sato S, Tsuchida S, Al-Mulla F, Saito Y. Carbony!
reductase as a significant predictor of survival and lymph node metasta-
sis in epithelial ovarian cancer. Br J Cancer. 2001;85:1032-6.

43. Ito S, D'Alessio AC, Taranova OV, Hong K, Sowers LC, Zhang Y. Role of tet
proteins in 5mC to ShmC conversion, ES-cell self-renewal and inner cell
mass specification. Nature. 2010;466:1129-33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1038/s41418-018-0084-9
https://doi.org/10.1038/s41418-018-0084-9

	Aberrant methylation-mediated downregulation of lncRNA SSTR5-AS1 promotes progression and metastasis of laryngeal squamous cell carcinoma
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Results
	Discussion
	Conclusions
	Methods
	Microarray processing and analysis
	Patients and specimens
	Cell culture and treatment
	RNA isolation and quantitative real-time RT-PCR assay
	Western blot analysis
	Immunohistochemical staining
	DNA extraction and sodium bisulfite treatment
	Methylated CpG sites distribution via bisulfite genomic sequencing (BGS) method
	Methylation analysis of the different regions via bisulfite conversion-specific and methylation-specific polymerase chain reaction (BS-MSP) assay
	Chromatin immunoprecipitation assay
	Subcellular fractionation
	Cell transfection
	Cell proliferation assay
	Wound healing assay
	Cell invasion assay
	RNA immunoprecipitation assay
	hMeDIP-qPCR analysis
	Statistical analysis

	Acknowledgements
	References




