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Abstract Accumulating evidences indicate that long non-
coding RNAs (IncRNAs) play important roles in several
biological processes and dysregulated IncRNAs are
involved in different kinds of cancer and are associated
with carcinogenesis, metastasis, and prognosis of cancer.
The role of a new IncRNA LOC100130476 in gastric
cardia adenocarcinoma (GCA) has remained unknown. The
present study investigated the role and methylation status
of LOC100130476 in the pathogenesis of GCA, and further
evaluated the potential prognostic role of LOC100130476
in GCA. Significant downregulation of LOC100130476
was detected in SGC-7901 and BGC-823 cell lines and
primary GCA tissues. Methylation frequency of
LOC100130476 was gradually increased from exon 1 to
exon 2 both in tumor tissues and corresponding normal
tissues; however, methylation status of region 1 closing to
the transcription start site was more tumor-specific among
the three regions examined. The findings of the association
between LOC100130476 expression, methylation and
TNM stage, pathological differentiation, and GCA
patients’ survival further identified the role of
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LOC100130476 as a tumor suppressor gene. Furthermore,
the hypermethylation of LOC100130476 was also detected
in peripheral white blood cells of GCA cases. Thus,
LOC100130476 may be act as a tumor suppressor gene in
GCA carcinogenesis and aberrant methylation at the CpG
sites near the transcription start site within exon 1 may be
critical for gene silencing. In addition, aberrant methylation
of LOC100130476 in peripheral white blood cells and
GCA tissues may be used as a potential valuable biomarker
in GCA diagnosis and prognosis.
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Introduction

Based on GLOBOCAN estimates, about 14.1 million new
cancer cases and 8.2 million deaths occurred in 2012
worldwide. In less developed countries, liver and gastric
cancers among males are leading causes of cancer death
[1]. Arising in the transformation zone between the
esophagus and the stomach, gastric cardia adenocarcinoma
(GCA), formerly registered as gastric cancer or esophageal
cancer, has been diagnosed independently in very recent
years due to the distinct epidemiological and biological
characteristics and improvement in classification. Although
a steady decline in noncardia gastric cancer incidence and
mortality rates has been observed in the majority of more
developed countries in Northern America and Europe and
also in areas with historically high rates, including several
countries in Asia (Japan, China, and Korea), Latin America
(Colombia and Ecuador), and Europe (Ukraine), the inci-
dence rate for GCA has risen steeply in North America and
Western European countries during the past few decades
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[1]. In China, GCA is one of the prevalent fatal malig-
nancies and shares very similar geographic distribution
with esophageal squamous cell carcinoma (ESCC), espe-
cially in the highest incidence areas of ESCC in the world,
such as in some counties bordering Gansu, Henan, Hebei,
and Shanxi Provinces [2, 3]. The incidence rate of GCA
increased gradually over the past few years and a variable
proportion of GCA cases strongly point to upper gas-
trointestinal cancers (UGIC) family history especially in
the high incidence regions [4]. However, unlike chronic
infection with H. pylori is the strongest identified risk
factor for noncardia gastric cancer [5], the exact patho-
genesis, mechanisms, and related risk factors for GCA
tumorigenesis have not been well characterized.

Over the last few decades, intensive investigations have
focused on the role of protein-coding genes in the patho-
genesis of cancer. However, the ~20,000 protein-coding
genes only represent <2 % of the total genome sequence.
At least 90 % of the genome are actively transcribed into
non-coding RNAs (ncRNAs), implicating the potential
significant regulatory roles of ncRNAs in complex
organisms [6]. NcRNAs are loosely grouped into two
major classes based on transcript size; small ncRNAs and
long non-coding RNAs (IncRNAs) [7]. As a new class of
ncRNAs, with length ranged from 200 nt to 100 kb,
IncRNA has recently caught increasing attention.
Although they were initially thought to be spurious tran-
scriptional noise resulting from low RNA polymerase
fidelity, recent studies have demonstrated that IncRNAs
may play important roles in several biological processes
such as chromatin modification, cellular differentiation,
regulation of gene expression, mRNA decay, cell cycle
regulation, and nuclear-cytoplasmic trafficking [8, 9].
Function in the cytoplasm or nucleus, or in both, IncRNAs
are highly conserved and may act as key regulators in
gene regulation via various ways in the cytoplasm and the
nucleus [10]. Increasing evidences have demonstrated that
dysregulated IncRNAs are involved in many complicated
human diseases including cancer [11]. LncRNAs have
cell-type-specific expression patterns and dysregulated
IncRNAs in various types of human cancer may be used as
potential early tumor diagnostic, metastatic or prognostic
markers and molecular-targeted therapy sites in the future
[12]. Although the number of articles about IncRNAs
increased greatly, only a handful of IncRNAs have been
characterized. For example, dysregulated HOTAIR may
affect epigenetic information and provide a cellular
growth advantage and result in the progressive and
uncontrolled growth of tumor [13]. Another IncRNA,
MALATI regulates the invasive potential of metastatic
tumor cells through interaction with and modulation of
splicing factor proteins and act as an oncogenic IncRNA
[14].
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More recently, mounting evidences have shown that
IncRNAs are involved in epigenetic processes [15]. DNA
methylation was one of the first epigenetic alterations
identified in cancer. The cancer epigenome is characterized
by genome-wide hypomethylation and specific CpG islands
hypermethylation. An IncRNA named ASIDHRS4 is
transcribed from the locus of the DHRS4 gene and recruits
DNA methyltransferases and other factors to the DHRS4
gene cluster, inducing DNA methylation at the DHRS4L2
promoter region [16]. Aberrant hypermethylation of
specific CpG islands can lead to the silencing of tumor
suppressor genes involved in key cellular pathways [17].
Promoter hypermethylation may be partly responsible for
the downregulation of some IncRNAs including MEG3,
H19, SRHC and CAHM in carcinoma [18-21]. To gain
insight into the expression profile of IncRNA in GCA, we
investigated the microarray expression profile of IncRNA
transcriptome in 5 GCA tissues and 5 paired corresponding
normal tissues. The GeneChip® Human Gene 2.1 ST Array
(Affymetrix, CA, USA) was adopted to detect the expres-
sion profile of long intergenic non-coding RNA transcripts
(lincRNA) and protein-coding mRNAs (including >11,000
long intergenic non-coding transcripts and >30,000 protein
coding transcripts). Among these lincRNAs, 471 were
consistently up-regulated and 879 were consistently
downregulated (fold change >2.0, P < 0.05) (Supplemen-
tary Fig. 1). Among these differentially expressed lincR-
NAs, LOC100130476, which demonstrated 3.25 fold
reduced expression in GCA tissues, is located on 6q23.3
(GRCh 38/hg38 database, from chr6: 137823670 to
137868233, NCBI: NR_049793.1) (Fig. 1a) and has three
CpG islands spanning the regions from 4208 to 41539 bp
determined by MethPrimer program. We hypothesized that
dysregulation of LOC100130476 may be associated with
the occurrence and development of GCA and aberrant CpG
island methylation may be partly responsible for the inac-
tivation of LOC100130476 in GCA. In the present study,
we investigated the function and methylation status of
LOC100130476 in GCA, and further elucidate the role of
LOC100130476 in the progression and prognosis of GCA.

Materials and methods
Patients and specimens

Surgical primary GCA tissues and corresponding adjacent
normal tissues were obtained from 121 GCA cases, which
were all inpatients for surgical treatment in the Fourth
Affiliated Hospital, Hebei Medical University between the
years of 2007 and 2009. The GCA patients included 96
males and 25 females, mean age 57.8 years (ranged from
36 to 76 years). All gastric cardia carcinomas were
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Fig. 1 The expression and effect of LOC100130476 on proliferation
and invasion in human gastric cancer cell lines. a Genomic structure
of LOC100130476. Its position on the chromosome is based on the
GRCh38/hg38 database. b Relative expression of LOC100130476 in
SGC-7901 and BGC-823 cell lines treated or untreated with 5-Aza-
dC. * Compared with untreated cells, P < 0.05. ¢ Overexpression of

adenocarcinomas with their epicenters at the gastroe-
sophageal junction, i.e. from 1 cm above until 2 cm below
the junction between the end of the tubular esophagus and
the beginning of the saccular stomach [22]. All of the tis-
sues were divided into two parallel parts, one part were
frozen and stored at —80 °C until genomic DNA and RNA
was extracted, the other part were formalin-fixed and
paraffin-embedded. Fifty healthy controls were recruited
from the cancer-screening program for early detection of
upper gastrointestinal tumors in the same area and during
the same period. All of the healthy controls were not
diagnosed with cancer or precancerous lesions. Five ml of
venous blood from GCA cases and healthy controls was
drawn in Vacutainer tubes containing EDTA and stored at
4 °C. All study subjects were ethnically homogeneous Han
nationality and residents of Hebei Province and its sur-
rounding regions and informed consent was obtained from
all recruited subjects. All subjects were interviewed by
professional interviewers for their age, gender,
histopathological diagnosis, and UGIC family history.
Individuals with at least one first-degree relative or at least
two second-degree relatives having esophageal/car-
dia/gastric cancer were defined as having family history of
UGIC. Information on clinicopathologic characteristics of
GCA cases was available from hospital recordings and
pathological diagnosis. Recurrence and survival data were
ascertained through the Tumor Registry and Hospital

LOC100130476 inhibited SGC-7901 cell proliferation, as determined
by CCK-8 assay. * Compared with empty vector, P < 0.05. d Over-
expression of LOC100130476 inhibited SGC-7901 cell invasiveness,
as determined by transwell invasion assay. * Compared with empty
vector, P < 0.05

chart review (Supplementary Table 1). All patients were
evaluated for recurrent disease by examinations of tumor
markers or by diagnostic imaging, including computed
tomography, ultrasonography, magnetic resonance imag-
ing, and endoscopy, every 3—6 months. The patients were
followed up for a minimum period of 1.5 years (range
1.5-6.5 years), with a median follow-up of 5.2 years for
survivors. Fourteen patients were lost to follow up. The
study was approved by the Ethics Committee of the Fourth
Affiliated Hospital, Hebei Medical University.

Cell culture, treatment, and transfection

Human gastric cancer cell lines SGC-7901 and BGC-823
were cultured in RPMI 1640 media (Invitrogen, Carlsbad,
CA, USA) and supplemented with 10 % fetal bovine serum
(Invitrogen, Carlsbad, CA, USA). Cells were seeded at a
low density and incubated for 24 h prior to treatment with
DNA methyltransferase inhibitor 5-aza-2'-deoxycytidine
(5-Aza-dC). The gastric cancer Cells (2 x 10°/mL) were
treated with 5 pmol/L 5-Aza-dC (Sigma, St Louis, MO,
USA) for 72 h and medium containing 5-Aza-dC was
changed every 24 h. Control cells received no drug treat-
ment. For overexpression of LOC100130476, the sequence
of LOC100130476 was synthesized and subcloned into
pcDNA3.1 (Invitrogen, Carlsbad, CA, USA). Exponen-
tially grown SGC-7901 cells cultured in 24-well plates
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were transfected with LOC100130476 expression plasmid
(pcDNA3.1-LOC100130476) or the empty vector
(pcDNA3.1-EV) as control using FuGENE HD Transfec-
tion Reagent (Roche, Swiss) according to the manufac-
turer’s instructions. Transfection efficiency was tested by
qRT-PCR.

Cell proliferation assay

The proliferation of transfected SGC-7901 Cells was
measured by cell-counting kit-8 (CCK-8) assay. The cells
were seeded into 96-well plates (5 x 10° cells per well)
and 10 pl of CCKS8 (Dojindo, Japan) was added to the
100 ul cul-tured cells for 2 h incubation. The absorbance of
each well was detected at a wavelength of 450 nm (A450).
The experiments were performed in triplicate.

Cell invasion assay

The invasiveness of transfected SGC-7901 Cells was
evaluated in 24-well transwell chambers (Corning, Ken-
nebunk, ME, USA). The transwell chambers were coated
with 20 pL. Matrigel and incubated at 37 °C for 1 h. The
5 x 10* cells/well at 48 h after transfected were seeded in
the upper chambers, meanwhile the RPMI 1640 medium
with 10 % FBS was injected into the lower chambers. After
harvest, the bottom of the insert was stained with hema-
toxylin. The number of cells invaded through the mem-
brane to the lower surface was counted in five microscopic
fields (at x 100 magnification) per filter. The experiments
were repeated in triplicate.

LOC100130476 expression via quantitative real-
time reverse transcription-polymerase chain
reaction (qQRT-PCR) assay

Total RNA was extracted from gastric cancer cell lines,
frozen GCA tumor, and corresponding normal tissues using
Trizol reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s recommended protocol and quanti-
fied by UV absorbance at 260-280 nm. Two pg RNA was
used to synthesize single-stranded cDNA using the
advantage RT-for-PCR kit (Clontech, Palo Alto, CA, USA)
with random primer as primer which was recommended in
the protocol. The cDNA from each sample was used as
regular qRT-PCR template. The primers and reaction
conditions for LOC100130476 were listed in Supplemen-
tary Table 2. The glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) gene was used as an internal control. Power
SYBR Green PCR Master Mix (Life Technology, Foster
City, CA, USA) was used as amplification reaction mixture
according to the manufacturer’s instructions. The melting
curve analysis was performed to confirm PCR product
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specificity and the expression levels of LOC100130476
were normalized with GAPDH using the 27AACT method
[23]. All the samples were run in triplicate.

DNA extraction and sodium bisulfite treatment

Genomic DNA was extracted from frozen GCA tumor and
corresponding normal tissues using a simplified Proteinase
K digestion method. Five ml of venous blood from 121
GCA cases (before surgery) and 50 healthy controls was
drawn in Vacutainer tubes containing EDTA and stored at
4 °C. Genomic DNA was extracted within 1 week after
blood collection by using proteinase K digestion method.
To examine the DNA methylation patterns, 1 pg of geno-
mic DNA was bisulfite modified using Epitect Fast Bisul-
fite Conversion Kits (Qiagen, Germany) according to the
manufacturer’s instructions. After the standard sodium
bisulfite DNA modification, unmethylated cytosine resi-
dues were converted to thymine, whereas methylated
cytosine residues were retained as cytosine at CpG sites.

Methylation status of every CpG site
of LOC100130476 via bisulfite genomic sequencing
(BGS) method

The methylation status of every CpG site in the three CpG
islands of LOC100130476 was verified by BGS assay in 4
matched tissue sets showing tumor-specific reduction of
transcript levels. For BGS assay, primers were designed to
recognize sodium bisulfite converted DNA and encom-
passing three CpG islands within the human
LOC100130476 gene exon 1 to exon 2 regions (CpG island
1: from 4193 to 4467 bp, CpG island 2: from +550 to
-+1049 bp, CpG island 3: from +1315 to +1592 bp). Fifty
ng of bisulfite-modified DNA was subjected to PCR
amplification and the PCR products were cloned into
pGEM-T vectors (Promega, Madison, WI, USA) and 8 to
10 clones of each specimen were sequenced by automated
fluorescence-based DNA sequencing.

Methylation analysis of LOC100130476 via bisulfite
conversion-specific and methylation-specific
polymerase chain reaction (BS-MSP) method

The methylation status of LOC100130476 in GCA tissues
and venous blood was then determined by BS-MSP method
as previous description using bisulfite treated genomic
DNA [24]. Three regions located in three CpG islands of
LOC100130476 (region 1 located in exon 1: from 4245 to
4413 bp, region 2 located in intron 1: from +649 to
+830 bp, region 3 located in exon 2: from +1418 to
41546 bp) were respectively analyzed. The primers and
reaction conditions were listed in Supplementary Table 2.



Clin Exp Metastasis (2016) 33:497-508

501

Genomic DNA, methylated in vitro by CpG methyltrans-
ferase (Sss I) following the manufacturer’s directions (New
England BioLabs, Beverly, MA, USA), was used as a
positive control and water blank was used as a negative
control. BS-MSP products were analyzed on 2 % agarose
gel with ethidium bromide staining, and were determined
to have methylation if a visible band was observed in the
methylation reaction. Tthe reactions were performed in
duplicate with each of the samples.

Statistical analysis

Statistical analysis was performed with SPSS19.0 software
package (SPSS Company, Chicago, Illinois, USA). The
real-time RT-PCR results were expressed as the
mean + S.D. Student’s 7 test was used to compare the
means between different groups. Chi square test was used
to analyze the status of gene methylation between different
groups. Relationships between variables were tested by
Spearman correlation analysis. Survival curves were con-
structed by using the Kaplan—Meier method and the Log-
rank or the Breslow tests were used as needed for the
univariate comparison of LOC100130476 expression and
methylation categories. Cox’s multivariate test applied in a
stepwise forward method was used to adjust for potentially
confounding variables (e.g., stage and UGIC family his-
tory) and to evaluate the role of LOC100130476 as inde-
pendent predictors of patients’ prognosis. All statistical
tests were two sided; and P < 0.05 was considered to be
statistically significant for all tests.

Results

Downregulation of LOC100130476 in gastric cancer
cell lines

We first analyzed the expression level of LOC100130476
in gastric cancer cell lines SGC-7901 and BGC-823 by
gRT-PCR. As shown in Fig. 1b, the expression level of
LOC100130476 was remarkably reduced in SGC-7901 and
BGC-823 cells. After treatment with DNA methyltrans-
ferase  inhibitor = 5-Aza-dC, the expression of
LOC100130476 was significantly upregulated, indicating
the important role of aberrant methylation in the inactiva-
tion of LOC100130476 in gastric cancer cell lines.

Inhibition effect of LOC100130476 on SGC-7901 cell
proliferation and invasiveness

As shown in Fig. Ic, cell proliferation assay showed that
overexpression of LOC100130476 significantly inhibited
the proliferation of SGC-7901 cells. Moreover,

overexpression of LOC100130476 significantly suppressed
the invasiveness of SGC-7901 (Fig. 1d).

Frequent inactivation of LOC100130476 in primary
GCA tissues

We further detected the expression of LOC100130476 in
121 pairs of GCA tissues and corresponding normal tissues
by qRT-PCR method. As shown in Fig. 2a, the expression
level of LOC100130476 in GCA tumor tissues was
remarkably reduced compared to corresponding normal
tissues (P < 0.01). There were 47 patients (38.8 %) whose
LOC100130476 expression levels in their tumor tissues
were less than 50 % of that in corresponding normal
tissues.

Association of LOC100130476 reduction with tumor
progression

To explore the significance of LOC100130476 reduction in
GCA tumor tissues, the LOC100130476 expression was
further investigated in subgroups. As shown in Fig. 2b,
when stratified for clinicopathologic characteristics, the
expression level of LOC100130476 in GCA tumor tissues
was not associated with age, gender, depth of invasion, and
family history of UGIC. However, LOC100130476
expression was associated with TNM stage, pathological
differentiation, LN metastasis, and distant metastasis or
recurrence (P < 0.05).

Aberrant methylation of LOC100130476 in GCA
tumor tissues

The MethPrimer program was used to determine the dis-
tribution of CpG islands of LOC100130476. As shown in
Fig. 3a, three CpG islands spanning the regions from +208
to +1539 bp are found within exon 1 to exon 2. The
methylation status of the CpG sites in the three CpG islands
was verified by BGS assay (Fig. 3b). As shown in Fig. 3b,
4 tumor tissues with low LOC100130476 level showed
frequent hypermethylation of the three CpG islands of the
gene, whereas methylation was rare in the corresponding
normal tissues.

The primers of BS-MSP method were then designed
according to the distribution of methylated CpG sites
determined by BGS assay and the methylation status of
LOC100130476 was successfully performed in all tissue
specimens (Fig. 3c). As shown in Table 1, of primary
tumor tissues and corresponding normal tissues, hyperme-
thylation was observed in 62.0 % (75/121) and 4.9 % (6/
121) at region 1, 68.6 % (83/121) and 17.4 % (21/121) at
region 2, 79.3 % (96/121) and 42.1 % (51/121) at region 3,
respectively. Among the three regions, methylation status

@ Springer



502 Clin Exp Metastasis (2016) 33:497-508
Fig. 2 The expression of A O Normal tissues B 1
LOC100130476 in GCA tissues. 1 * M Tumor tissues
a Relative expression of - S 08
X Swv 08 2
LOC100130476 in normal 2% g x
tissues and corresponding GCA o S 06 e 06 * * X
tumor tissues. * P < 0.05. gg ' $E’. 04
b Relative expression of 23 04 Eé) ’
LOC100130476 in different S &% 02
subgroups. * P < 0.05 &6 0.2
0 "4y 5% TEsazagEE ¢ ¢
°g °8 =r 32 NF S
s 2 3 @
s - S
> [ = 58 93 C 29 IS
§ &8 = f3g87 = §2 92
© S3 55 o 22 =@
T g2 28 p cfiB
8 38 g 3% &
S & ga 2
(7]
2

of region 1 was more tumor-specific. When stratified for
clinicopathologic characteristics, the methylation status of
region 1 was associated with TNM stage, pathological
differentiation, LN metastasis, and distant metastasis or
recurrence; the methylation status of region 2 was only
associated with TNM stage; while the methylation status of
region 3 was not associated with any clinicopathologic
features (Table 2).

Aberrant methylation of LOC100130476
in peripheral white blood cells

The methylation status of three regions of LOC100130476
was further detected in the peripheral white blood cell
DNA of 121 GCA cases and 50 healthy controls. The
methylation frequency of 3 regions of LOC100130476 in
GCA WBC was 42.1 % (51/121), 45.5 % (55/121), and
61.2 % (74/121), respectively; while aberrant methylation
of 3 regions of LOC100130476 was not detected in the
WBC of healthy controls. Interestingly, we found that
hypermethylation of 3 regions of LOC100130476 which
occurred in GCA WBC also occurred in the corresponding
tumor tissues. When stratified for clinicopathologic char-
acteristics, the methylation status of region 1 of
LOC100130476 in GCA WBC was associated with TNM
stage, pathological differentiation, and distant metastasis or
recurrence; while the methylation status of region 2 and
region 3 of LOC100130476 in GCA WBC was not asso-
ciated with any clinicopathologic features (Table 2).

Association between LOC100130476 expression
and methylation status

The association between LOC100130476 expression and
methylation was further detected in GCA tissues. As shown
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in Fig. 3d, the expression level of LOC100130476 in GCA
tissues with hypermethylation of region 1 and region 2 was
significantly lower than that with unmethylation of both
regions, and the effect was more significant at region 1
(P < 0.05).

Survival analysis of LOC100130476 in GCA

As shown in Fig. 4a, b LOC100130476 expression was
positively correlated with GCA patients’ survival, while
LOC100130476 region 1 methylation was inversely cor-
related with GCA patients’ survival. GCA patients with
relative low LOC100130476 expression (the expression
level of LOC100130476 in the tumor tissues was less than
50 % of that in matched corresponding normal tissues) or
region 1 hypermethylation of LOC100130476 demon-
strated significant poorer 5-year survival rates as opposed
to the GCA patients with relative high LOC100130476
expression or region 1 unmethylation of the gene
(P < 0.05; Log-rank test). GCA cases with both low
expression and region 1 hypermethylation of
LOC100130476 showed worse survival rates compared to
the GCA cases with both relative high expression and
region 1 unmethylation of LOC100130476 (Fig. 4c). When
TNM stage and LOC100130476 expression or region 1
methylation status were combined to analysis, GCA
patients in stage III and IV, with low expression or region 1
hypermethylation of LOC100130476 were most likely to
develop metastatic disease and also demonstrated the
worse survival (Fig. 4d, e).

Cox  multivariate  analysis was done using
LOC100130476 expression, methylation, tumor stage, as
well as other confounding variables such as patient age,
gender and UGIC family history. As shown in Table 3,
TNM stages, LOC100130476 expression, and region 1
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«Fig. 3 Methylation status of LOC100130476 in GCA tissues.
a Schematic structure and sequence of LOC100130476 CpG islands.
Three CpG islands of LOC100130476 are shown and the BS-MSP
regions analyzed is indicated. Exons in upper case and introns in
lower case. b High-resolution mapping of the methylation status of
every CpG site in the LOC100130476 CpG islands by BGS assay in
four GCA tissues and corresponding normal tissues. Each CpG site is
shown at the fop row as an individual number. Percentage methylation
was determined as percentage of methylated cytosines from 8 to 10
sequenced colonies. The color of circles for each CpG site represents
the percentage of methylation. ¢ The methylation status of three
regions of LOC100130476 determined by BS-MSP analysis in GCA
tumor tissues. m methylated; u unmethylated. d Relative expression
of LOC100130476 in the tumor tissues with and without methylation
of the three regions. * P < 0.05

methylation were independently associated with GCA
patients’ survival.

Discussion

As a new class of the non-coding RNAs, although tens of
thousands of IncRNAs are encoded in the human genome,
only a few of them have been characterized in detail.
Dysregulation of IncRNAs have been found in a number of
carcinomas, acting as tumor suppressors or oncogenes, thus
suggesting the potential critical roles of IncRNAs as
prospective novel diagnostic or therapeutic targets during
tumor occurrence and development. Here, we found a new
IncRNA LOC100130476 that may play tumor suppressor
gene role in GCA progression. To our best knowledge, the
roles and epigenetic inactivation mechanism of
LOC100130476 on GCA tumor progression and prognosis
have not been investigated and clarified so far. In the
present study, we demonstrated that abnormal reduction of
LOC100130476 was a tumor-specific phenomenon.
Methylation frequency of LOC100130476 was gradually
increased from exon 1 to exon 2 both in tumor tissues and
corresponding normal tissues; however, Region 1 methy-
lation status was more tumor-specific among the three
regions examined, suggesting that the critical region for
LOC100130476 silencing may lies in region 1 which
located in exon 1 closing to the transcription start site. The
most obvious correlation between LOC100130476
expression and region 1 methylation was further verified

transcription start site was more prone to influence its
transcription. The findings of the association between
LOC100130476 expression, methylation and TNM stage,
pathological differentiation, and GCA patients’ survival
further identified the role of LOC100130476 as a tumor
suppressor gene and may be used as a useful marker of
GCA tumor progression and prognosis. Furthermore, the
hypermethylation of LOC100130476 in peripheral white
blood cells of GCA cases further supported the potential
for gene-specific methylation measured in peripheral WBC
as a biomarker of cancer risk.

The downregulation of LOC100130476 in gastric cancer
cell lines and GCA tumor tissues suggested its tumor
suppressive role in GCA. As one of the epigenetic mech-
anisms, DNA methylation may play important roles in gene
expression and regulation. However, with the steady pro-
gress of such research, the methylation frequency of the
same gene in carcinomas was found to be different in
different laboratories. DNA methylation may have tumor
type specificity may be one of the reasons; the different
CpG sites which they focused on may be another reason. In
the present study, we found that methylation frequency of
LOC100130476 was gradually increased from exon 1 to
exon 2 both in tumor tissues and corresponding normal
tissues, however, methylation near the transcription start
sites (region 1, located in exon 1) appeared to be mostly
cancer-specific. These findings are essentially the same as
those for RUNX3 and RASSF2 in gastric cancer and
DAPK in colorectal and gastric cancer [25-27]. They
found that the 5" and 3’ outskirt regions of the CpG island
was more susceptible to methylation in both the primary
tumor tissues and corresponding normal tissues than
regions near or spanning the transcription start site which
was more critical for gene inactivation. One attractive
hypothesis is that methylation of the edge—for example, at
simple repetitive sequences or at transposons such as Alu
and B1 may serves as a trigger for spreading methylation
into the centre of the region. Satoh et al. found that Alu
sequences situated about 500 bp upstream of the DAPK 5’
CpG island are densely methylated in most of samples,
indicating the role for repetitive elements as a trigger for 5
CpG island methylation [27]. Furthermore, the lower fre-
quency of methylation near the transcription start site
suggests that physiological mechanisms may exist to pro-

that aberrant methylation of the CpG sites closing to the  tect the regions from undergoing methylation. For
Table 1 Methylation status of .
LOCI00130476 in GCA tumor ~ CTP N Methylation frequency
tissues and corresponding Region 1 Region 2 Region 3
normal tissues
n (%) P n (%) P n (%) P
Normal tissues 121 6 (4.9) 21 (17.4) 51 (42.1)
Tumor tissues 121 75 (62.0) <0.001 83 (68.6) <0.001 96 (79.3) <0.001
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Table 2 Methylation status of LOC100130476 in GCA cases
Group N  Methylation frequency
Region 1 Region 2 Region 3
Tissues Blood Tissues Blood Tissues Blood
n (%) P n (%) P n (%) P n (%) P n (%) P n (%) P
Age
<50 24 16 (66.7) 11 (45.8) 17 (70.8) 11 (45.8) 18 (75.0) 15 (62.5)
>50 97 59 (60.8) 0.598 40 (41.2) 0.683 66 (68.0) 0.792 44 (45.4) 0.967 78 (80.4) 0.558 59 (60.8) 0.880
Gender
Male 96 61 (63.5) 41 (42.7) 67 (69.8) 45 (46.9) 76 (79.2) 58 (60.4)
Female 25 14 (56.0) 0.489 10 (40.0) 0.807 16 (64.0) 0.578 10(40.0) 0.539 20 (80.0) 0.927 16 (64.0) 0.743
TNM stage
I+ 1 54 27 (50.0) 16 (29.6) 32 (59.3) 21 (38.9) 41 (75.9) 31 (57.4)
I + 1V 67 48 (71.6) 0.015 35(52.2) 0.012 51 (76.1) 0.047 34 (50.7) 0.193 55 (82.1) 0.405 43 (64.2) 0.447
Pathological differentiation
Well/moderate 85 46 (54.1) 30 (35.3) 55 (43.7) 36 (42.3) 66 (77.6) 51 (60.0)
Poor 36 29 (80.6) 0.006 21 (58.3) 0.019 28 (65.9) 0.157 19 (52.8) 0.292 30 (83.3) 0.480 23 (63.9) 0.688
Depth of invasion
T1/2 38 19 (50.0) 13 (34.2) 23 (60.5) 15 (39.5) 28 (73.7) 24 (63.1)
T3/4 83 56 (67.5) 0.066 38 (45.8) 0.231 60 (72.3) 0.196 40 (48.2) 0.371 68 (81.9) 0.299 50 (60.2) 0.760
LN metastasis
Negative (NO) 19 7 (36.8) 5 (26.3) 10 (52.6) 7 (36.8) 13 (68.4) 11 (57.9)
Positive (N1/2/3) 102 68 (66.7) 0.014 46 (45.1) 0.128 73 (71.6) 0.102 48 (47.1) 0.412 83 (81.4) 0.200 63 (61.8) 0.751
Distant metastasis or recurrence
Negative 56 27 (48.2) 17 (30.3) 34 (60.7) 22 (39.3) 42 (75.0) 33 (58.9)
Positive 65 48 (73.8) 0.004 34 (52.3) 0.015 49 (75.4) 0.083 33 (50.8) 0.206 54 (83.1) 0.274 41 (63.1) 0.641
Family history of UGIC
Negative 70 39 (55.7) 26 (37.1) 45 (64.3) 29 (41.4) 55 (78.6) 44 (62.9)
Positive 51 36 (70.6) 0.096 25 (49.0) 0.191 38 (74.5) 0.231 26 (51.0) 0.297 41 (80.4) 0.807 30 (58.8) 0.653

example, RUNX3 has two promoters and the distal pro-
moter does not contain a CpG island, whereas the proximal
promoter has a CpG island that includes binding sites for
Spl. Spl elements locate upstream and downstream of the
transcription start site and have been shown to protect CpG
islands from methylation [25]. Thus the pattern of spread of
methylation, initially at the outskirts of CpG islands and
then progressing to regions critical for gene silencing,
might be common to various types of methylation-related
gene silencing. Since methylation frequencies are influ-
enced by the location of MSP primers, it is important for
the determination of the critical CpG sites in a given tumor
suppressor or tumor-related gene.

Circulating RNA in plasma or serum has become an
emerging field for non-invasive diagnostic applications. At
present, several up-regulated IncRNAs in carcinomas have
been characterized as potential tumor biomarkers in plasma.
For example, plasma level of H19 was significantly higher in
gastric cancer patients compared with normal controls [28],
upregulation of IncRNA HULC was detected in the plasma
of hepatocellular carcinoma [29], plasma level of IncRNA
PCATI18 was increased incrementally from healthy indi-
viduals to those with localized and metastatic prostate can-
cer [30], plasma levels of POU3F3 was significantly higher
in ESCC patients [31]. Recent years, mounting evidences
have demonstrated that aberrant DNA hypermethylation of
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«Fig. 4 Kaplan—Meier univariate survival analysis of LOC100130476
expression and methylation in GCA cases. a Showing a direct
correlation between low LOC100130476 expression and poor patient
survival. b Showing consistently a direct correlation between
LOC100130476 region 1 methylation and poor patient survival.
¢ GCA cases with simultaneous low expression and region 1
methylation of LOC100130476 showing poor patient survival.
d GCA cases in stage III and IV and with low expression of
LOC100130476 showing poor patient survival. e GCA cases in stage
III and IV and with region 1 methylation of LOC100130476 showing
poor patient survival

LOC100130476 expression and hypermethylation may be
used as valuable candidate prognostic markers for GCA.

In conclusion, the downregulation of LOC100130476
may be involved in the progression of GCA and aberrant
methylation at the CpG sites near the transcription start site
within exon 1 may be critical for gene silencing. In addi-
tion, aberrant methylation of LOC100130476 in peripheral
WBC and GCA tissues may be used as a potential bio-
marker in GCA diagnosis and prognosis.

Table 3 Multivariate analysis

of survival in GCA cases (Cox’s Variable B SE P Odds ratio (95 %CI)

test) LOC100130476 expression 0.645 0.259 0.013 1.907 (1.148-3.166)
LOC100130476 methylation® 0.677 0.277 0.015 1.968 (1.143-3.388)
TNM stage 1.866 0.328 0.000 6.465 (3.402-12.288)
Family history of UGIC 0.463 0.276 0.094 1.589 (0.924-2.731)

# Region 1 methylation

tumor suppressor genes may be observed not only at tumor
tissue level but also in plasma and white blood cells of tumor
patients. Peripheral blood cell DNA may contain epigenetic
information, which is a valuable predictive marker of an
individual’s risk of developing cancer [32]. Aberrant
hypermethylation of BRCA1, IGFII, SFRP1 in WBC has
been detected in breast cancer and colon cancer patients [33—
36]. However, few study investigated DNA methylation
status of circulating IncRNA for early detection of tumor
patients. Methylated CAHM sequences were detected in the
plasma DNA of 40/73 (55 %) of colorectal cancer patients
[21]. In the present study, hypermethylation of CpG sites in
three regions of LOC100130476 was detected in peripheral
WBC of GCA patients, the methylation status of region 1 of
LOC100130476 in GCA WBC was associated with TNM
stage, pathological differentiation, and distant metastasis or
recurrence, while aberrant methylation of three regions of
LOC100130476 was not detected in the peripheral WBC of
healthy controls. These results support the potential for
cancer-specific hypermethylation of certain IncRNA mea-
sured in peripheral WBC as a diagnostic biomarker for
cancer.

The expression and methylation status in region 1 of
LOC100130476 were found to be closely related to TNM
stage, pathological differentiation, LN metastasis, and
distant metastasis or recurrence in the present study, indi-
cating the potential role of LOC100130476 in GCA pro-
gression. In further survival analysis, LOC100130476
expression and region 1 methylation was found to be cor-
related with GCA patients’ survival. GCA patients with
simultaneous low expression and hypermethylation of
LOC100130476 demonstrated poor patient survival. Thus,
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