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Abstract. Background: We examined the levels of long non-
coding RNAs (IncRNAs) in the plasma of patients with gastric
cancer to assess their clinical significance for diseases
diagnosing and monitoring. Materials and Methods: We
investigated the stability of plasma IncRNAs, and then
confirmed the appropriateness of the IncRNA assay with a pre-
amplification method. The levels of plasma IncRNAs, HI9,
HOX antisense intergenic RNA (HOTAIR), and metastasis
associated lung adenocarcinoma transcript-1 (MALATI), were
then analyzed in patients with gastric cancer (GC) and healthy
controls. Results: Plasma IncRNAs exhibited minimal gradual
instability only under several severe conditions. Analysis
showed that samples with pre-amplification had a higher level
of linearity in the reverse transcription polymerase chain
reaction (RT-PCR) assay than those without pre-amplification.
Plasma H19 levels were significantly higher in patients than in
healthy controls. Plasma HI19 levels were significantly reduced
in postoperative samples. Conclusion: Circulating IncRNAs
can be detectable in plasma, and the detection of circulating
IncRNAs may provide new complementary tumor markers for
gastric cancer.

Gastric cancer is the second leading cause of cancer-related
death in the world (1). The prognosis of advanced gastric
cancer remains dismal in spite of recent improvements in
therapeutic methods such as extended radical operations and
perioperative chemotherapies (2). Thus, in order to improve
the cure rates for patients with gastric cancer, primary
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tumors must be detected at an early stage and recurrent
disease must be diagnosed when it is still minimal or
clinically occult (3).

Biomarkers have attracted attention for early detection,
prediction of prognosis, and chemotherapeutic sensitivity in
patients with various types of cancer (4). Among the various
approaches currently used, blood-based testing is an ideal
method for biomarkers in cancer care due to its ease and lower
invasiveness. However, conventional serum biomarkers, such
as carcinoembryonic antigen (CEA) and carbohydrate antigen
(CA) 19-9, lack sufficient sensitivity and specificity. Several
studies have demonstrated that tumor-specific or tumor-
associated alterations in circulating nucleic acids may serve as
new complementary tumor markers for gastric cancer. In
recent years, cell-free RNA has been stably detected in the
plasma and serum similarly to other molecules (5-7).

Over the past few decades, advances in genome-wide
analyses have identified that almost all of the human genome
is transcribed and produces large numbers of long non-coding
RNAs (IncRNAs) (8-10). Recently, several studies have
demonstrated that some IncRNAs are involved in the
development of various types of cancer (11, 12). The levels
of some IncRNAs, such as H19 and colon cancer-associated
transcript-1 (CCAT1), were reportedly markedly increased in
gastric cancer, and studies suggested important roles for
IncRNAs in the molecular etiology of gastric cancer (13, 14).
These findings prompted us to examine the detectability of
IncRNAs in the blood samples of patients with gastric cancer.

In this study, we investigated the levels of circulating
IncRNAs in plasma samples from both patients with gastric
cancer and from controls, and compared the relationships
between the results obtained and clinicopathological findings
to assess the diagnostic value of these biomarkers in patients
with gastric cancer.

Materials and Methods

Ethics statement. Ethical approval was granted by the Faculty of
Science Ethics Committee at the Kyoto Prefectural University of
Medicine (RBMR-C-179) and the study was conducted in
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accordance with the principles of the Declaration of Helsinki.
Written informed consent was obtained from all patients and healthy
volunteers.

Patients and samples. A total of 43 pre-operative plasma samples
were collected from patients with gastric cancer who underwent
gastrectomy at the Kyoto Prefectural University of Medicine
between 2008 and 2012. Of these patients, 20 post-operative plasma
samples were also collected one month after surgery. Thirty-three
control samples were collected from healthy volunteers without
cancerous diseases. Relevant clinical and survival data were
available for all patients. Formalin-fixed paraffin-embedded tumor
samples were also examined in patients whose plasma H19 levels
were determined. Resected gastric cancer specimens were fixed in
buffered formalin and embedded in paraffin for pathological
examination using standard methods. Macroscopic and microscopic
classifications of tumors were based on the International Union
against Cancer/Tumor, Node, Metastasis (UICC/TMN) staging
system (15) and Japanese classification of gastric carcinoma: 3rd
edition (16).

Stock of plasma samples. Blood samples were subjected to the
isolation of cell-free nucleic acids immediately after collection using
a 3-spin protocol (350 refxg for 30 min, 700 rcf xg for 5 min, 1600
rcfxg for 5 min) to prevent contamination by cellular nucleic acids.
Plasma samples were then stored at —80°C until further analyses.

RNA extraction. Total RNA was extracted from cultured cells and
400 pl of plasma using a mirVana PARIS Kit (Ambion, Austin, TX,
USA), and was eluted into 100 pl of pre-heated (95°C) Elution
Solution according to the manufacturer’s instructions. The total
RNA of tissue samples was extracted from four slices of 15 um-
thick formalin-fixed paraffin-embedded tissue (with a total thickness
of 60 pm) using the RecoverAll Total Nucleic Acid Isolation Kit
(Ambion), and was finally eluted into 60 pl of Elution Solution
according to the manufacturer’s instructions. RNA samples were
stored at —80°C until further processing.

Protocol for the detection of IncRNAs [H19, HOX antisense
intergenic RNA (HOTAIR), and metastasis associated lung
adenocarcinoma transcript 1 (MALATI)]. The reverse transcription
reaction of 9 ul of total RNAs extracted from 400 ul of plasma was
carried out with the High-Capacity RNA-to-cDNA Kit (Applied
Biosystems, Foster City, CA, USA). Reacted cDNAs were then pre-
amplified using the TagMan PreAmp Master Mix Kit (Applied
Biosystems), according to the manufacturer’s instructions. In this
process, each IncRNA-specific primer of the human TagMan Gene
Expression Assay Kit (Applied Biosystems) was used. The levels of
IncRNAs were quantified in duplicate by quantitative real time-
polymerase chain reaction (PCR) using the human TagMan Gene
Expression Assay Kit (Applied Biosystems) following the
manufacturer’s protocol. In brief, quantitative PCR analyses were
performed using the Step One Plus Real-time PCR system (Applied
Biosystems) and cycle threshold (Ct) values were calculated with
the Step One Software version 2.2.2 (Applied Biosystems). The
levels of IncRNAs in plasma were calculated using the AACt
method relative to the plasma level of IncRNAs in one patient with
gastric cancer (GC498) because there has been no consensus as yet,
concerning stable and suitable internal controls for non-coding
RNAs in plasma samples. The expression of H19 from tissue
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samples was also normalized using AACt method relative to actin §
(ACTB). The change in gene expression was calculated with the
equation 2-AACt,

Cell culture. The human stomach carcinoma cell line HGC27
(RCB0500) was purchased from RIKEN Bio Resource Center
(Tokyo, Japan), and maintained in DMEM (Nacalai Tesque, Kyoto,
Japan) supplemented with 10% fetal bovine serum (Trace Scientific,
Melbourne, Vic., Australia), 100 U/mL penicillin, and 100 pg/mL
streptomycin. The flask was kept in a humidified incubator at 37°C
under 5.0% CO, in air.

Statistical analysis. The paired f-test was used to evaluate
differences in the levels of RNA in the GC cell line and plasma
with/without pre-amplification. The Wilcoxon test was used to
compare paired plasma samples obtained pre- and post-surgery, and
the Mann-Whitney test was used to compare for differences in the
levels of plasma RNA between the cancer group and healthy group.
A p-value less than 0.05 were considered significant. Receiver
operating characteristic (ROC) curves and the area under the ROC
curve (AUC) were used to assess the feasibility of using plasma H19
as a diagnostic tool for the detection of gastric cancer.

Results

Stability of IncRNAs in human plasma. To investigate the
stability of IncRNAs in plasma, we firstly evaluated changes
in the levels of H19 in plasma under oppressive conditions.
Plasma H19 exhibited minimal gradual instability only in
several severe conditions, such as the incubation of plasma
at room temperature for up to 24 h, three cycles of freeze-
thawing processes, and also incubation at 45°C for 24 h
(Figure 1A-C, respectively).

Applicability of the pre-amplification assay. To evaluate the
appropriateness of the pre-amplification method, which was
encouraged by the manufacturer’s protocol, we conducted
amplification of H19 by the real-time RT-PCR assay of a 10-
fold serial dilution using the total RNA of a gastric cancer
cell line (HGC27), and also compared the levels of H19 in
plasma samples with and without pre-amplification (Figure
2A and B). Analysis showed that samples which underwent
pre-amplification had a higher level of linearity in the RT-
PCR assay than those without pre-amplification (R?=0.9940
vs. 0.9395, respectively), which indicates the superior
quantitative performance of the pre-amplification assay.
Moreover, the relative levels of circulating H19 were
approximately the same with and without pre-amplification
in each plasma sample from patients with gastric cancer
(Figure 2C).

Comparison of the levels of IncRNAs in plasma between
healthy controls and patients with gastric cancer. Plasma H19
levels were significantly higher in patients than in healthy
controls (p=0.029, Figure 3A and B); however, plasma
HOTAIR and MALAT1 levels were not (Figure 3D). The
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Figure 1. Stability of H19 in human plasma under oppressive conditions. Plasma HI19 exhibited minimal gradual instability with the incubation of
plasma at room temperature (A), freeze-thawing processes (B), and incubation at 45°C (C). Levels are presented as the Ct value.

value of the area under the ROC curve was 0.64 for the
plasma H19 assay (Figure 3C). In this model, optimal cut-off
points were indicated at 0.32 (sensitivity 74% and specificity
58%). The clinicopathological features of these patients are
shown in Table I; however, there was no correlation between
plasma H19 levels and clinicopathological factors.

Comparison of HI9 levels in pre- and postoperative paired
plasma samples, and in paired cancerous and non-cancerous
tissues. H19 levels were significantly lower in postoperative
plasma than in pre-operative plasma in 16 cases (16/20;
p=0.047, Wilcoxon #-test, Figure 4A and B). However, there
was no significant difference in H19 expression between
cancerous tissues and paired non-cancerous tissues using
paraffin-embedded tissues (p=0.14, Wilcoxon #-test, Figure 5).

Discussion
Tumor development and the progression of gastric cancer are

multistep processes genetic and
epigenetic alterations. Only several oncogenes and tumor

involving numerous

suppressor genes coding for proteins were previously
considered to be involved in gastric carcinogenesis. However,
recent advances in sequencing technologies have revealed
that the majority of transcriptional units are non-coding
RNAs, which also play important roles as oncogenes or
tumor suppressor genes in various types of cancer (17-20).
Recently, some IncRNAs, as well as microRNAs, have been
reported to play important roles in carcinogenesis (13, 14,
21, 22). Detailed investigations have shown that IncRNAs are
involved in fundamental cellular processes, such as RNA
processing, gene regulation, chromatin modification, gene

transcription, and post-transcriptional gene regulation on the
basis of RNA sequence complementary interactions (23, 24).
Although the functions of all IncRNAs have not been fully-
clarified, the molecular mechanisms of a few IncRNAs, such
as MALAT1, Highly Up-regulated in Liver Cancer (HULC),
H19 and HOTAIR have been elucidated to some degree (22,
23-28). Moreover, the altered expressions of IncRNAs have
been increasingly reported in a variety of cancer types, which
indicates a possible connection between IncRNAs and
carcinogenesis (29).

The HI9 gene encodes a 2.3-kb IncRNA and is a
paternally imprinted gene located at 11pl5.5. HI19 is
expressed during embryonic development, and is down-
regulated in most tissues after birth (30). Several recent
studies have demonstrated that H19 is strongly expressed in
cancer, such as esophagus, colorectal, liver, endometrial,
cervix, and bladder cancer, in which H19 has an oncogenic
function (31-35). Yang et al. demonstrated that levels of the
IncRNA H19 were markedly higher in gastric cancer cell
lines and also cancer tissues than in normal controls (13).
They also confirmed an increase in cell proliferation by
ectopic H19 expression and the induction of apoptosis by
H19 siRNA treatment, and suggested an important role for
H19 in the molecular etiology of gastric cancer.

Recent reports have demonstrated that microRNAs are
extremely stable in plasma and have diagnostic potential in
the early detection of several malignancies (7, 36-42).
Therefore, it is possible that other types of non-coding RNA,
such as IncRNAs, are also stable in plasma and have
diagnostic potential in cancer management. However, only a
few studies have shown that IncRNAs can be detected in the
body fluids of patients with cancer (21, 43). Therefore, in the
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Figure 2. Applicability of the pre-amplification assay. A: Standard curve of H19 by the real-time RT-PCR assay of a 10-fold serial dilution of total
RNA in HGC27 (gastric cancer cell line). Linearity was superior in samples with pre-amplification than in those without pre-amplification. B:
Plasma H19 levels are presented as a ratio relative to that of plasma 7. The levels of plasma HI19 were similar regardless of pre-amplification. C:
There was no significant difference in H19 levels with and without pre-amplification (p=0.084).

present study, we firstly confirmed if IncRNAs were
detectable in plasma, and then investigated the stability of
circulating IncRNAs under several severe conditions. Our
findings clearly demonstrated that IncRNAs were relatively
stable in plasma samples, and were protected by some
mechanism(s) from the severe conditions tested. In fact, we
have already confirmed that plasma exosomes contain a
certain level of extracellular IncRNAs (data not shown). The
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mechanisms accounting for the stability of plasma IncRNAs
are not well-understood; they may be protected by exosome
encapsulation and also complex formation with proteins,
such as plasma microRNAs (44, 45).

A pre-amplification method is recommended for the
IncRNAs assay by the manufacturer’s protocol because of
low concentrations. Therefore, before the analysis of clinical
samples, we compared the linearity between the logarithms
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Table 1. Correlation between HI9 expression level and clinicopathologic factors.

Variable n H19 expression level p-Value?
<0.32 =0.32

Total 43 13 30

Gender Female 12 3 9 0.73
Male 31 10 21

Age, year <64 22 6 16 0.92
=65 21 7 14

Tumor sited Upper third 11 4 7 0.89
Middle/Lower third 32 9 23

Tumor size <60 mm 31 9 22 0.92
>60 mm 12 4 8

Macroscopic appearanceb 0/1/11 29 9 20 0.85
II/IV/V 14 4 10

Histological typeb tubl/tub2/pap 14 4 10 1.00
por/sig/muc 29 9 20

Lymphatic invasion® Positive 24 8 16 0.87
Negative 19 5 14

Venous invasion® Positive 18 4 14 0.53
Negative 25 9 16

pT-Category® Tl 18 4 14 0.53
T2/T3/T4 25 9 16

pN-Category® NO 22 6 16 0.92
N1/N2 21 7 14

ap-Values are from the y2 or Fisher’s exact test and were significant when p<0.05. PAccording to Japanese classification of gastric carcinoma: 3rd

edition. *According to UICC/TNM staging system.

of the level of input IncRNAs and the cycle threshold value
on real-time PCR with and without pre-amplification, and
confirmed that methods with pre-amplification provide high
quantitative performance even for low concentrations, and
are an appropriate for plasma assays.

Based on these findings, we compared the levels of
circulating IncRNAs in plasma samples from both patients
with gastric cancer and controls. Because there has never
been a consensus about a universal internal control for the
plasma IncRNAs assay, in this study we utilized the absolute
concentration method for measuring plasma IncRNAs. H19
levels were significantly higher in patients than in controls,
and the area under the ROC was 0.64. However, there was no
significant difference in the levels of HOTAIR and MALAT1
between patients and controls. The value of AUC was not so
high; however, adding analyses for other related IncRNAs
may increase the sensitivity and the specificity.

We then measured the circulating H19 in paired-plasma
before and one-month after the surgical removal of tumors
in order to confirm the tumor release of H19. The results
showed that the levels of H19 were significantly reduced
postoperatively in patients with high preoperative plasma
H19 levels, which may reflect the possible release of plasma
IncRNAs from primary gastric tumors. However, there was
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no significant correlation between the expression of H19 in
plasma and primary tumor tissues in the present study. These
discrepancies remain to be clarified; however, a possible
explanation for this finding may be the heterogeneity of
primary tumors or the effects of formalin-fixation and
paraffin-embedding on the stability of IncRNAs.

Plasma IncRNA assays may have several potential clinical
applications in cancer management: i) screening and early
diagnosis, ii) evaluation of surgical or non-surgical therapeutic
efficiency, and iii) monitoring for recurrence during the follow-
up period. We analyzed only a few cancer-related IncRNAs in
this study; however, adding analyses for other related IncRNAs
may increase clinical utility. A more intriguing possibility is that
circulating IncRNAs may also have some function as an inter-
cellular communication tool, such as extracellular miRNAs.
However, there are still some limitations that need to be
addressed before the measurement of circulating IncRNAs can
be utilized in the clinical setting. There has been no consensus
regarding which extraction and detection method is suitable for
plasma IncRNAs, nor as to what molecule is the most
appropriate for use as an endogenous control. Further studies
are needed to verify the clinical usefulness of circulating
IncRNA assays for each potential application, and also to
elucidate the functional aspects of extracellular IncRNAs.
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In conclusion, the detection of circulating IncRNAs may  recurrence during the follow-up period after gastrectomy.
serve as a new complementary marker for gastric cancer.  Further prospective clinical trials using a variety of plasma
This assay may be helpful in detecting patients with primary  IncRNAs should be carried out to define the usefulness of
gastric cancer at an early stage and also clinically occult the assay for each potential application.

3191



ANTICANCER RESEARCH 33: 3185-3194 (2013)

References

1 Jemal A, Bray F, Center MM, Ferlay J, Ward E and Forman D:
Global cancer statistics. CA Cancer J Clin 67: 69-90, 2011

2 Hartgrink HH, Jansen EP, van Grieken NC and van de Velde CI:
Gastric cancer. Lancet 374: 477-490, 2009.

3 Ushijima T and Sasako M: Focus on gastric cancer. Cancer Cell
5(2): 121-125, 2004.

4 Schwarzenbach H, Hoon DS and Pantel K: Cell-free nucleic
asids as biomarkers in cancer patients. Nat Rev Cancer //(6):
426-437,2011.

5 Tani N, Ichikawa D, Ikoma D, Tomita H, Sai S, Ikoma H,
Okamoto K, Ochiai T, Ueda Y, Otsuji E, Yamagishi H, Miura N
and Shiota G: Circulating cell-free mRNA in plasma as a tumor
marker for patients with primary and recurrent gastric cancer.
Anticancer Res 27(2): 1207-1212, 2007.

6 Zhou H, Xu W, Qian H, Yin Q, Zhu W and Yan Y: Circulating
RNA as a novel tumor marker: An in vitro study of the origins
and characteristics of extracellular RNA. Cancer Lett 259(1): 50-
60, 2008.

7 Tsujiura M, Ichikawa D, Komatsu S, Shiozaki A, Takeshita H,
Kosuga T, Konishi H, Morimura R, Deguchi K, Fujiwara H,
Okamoto K and Otsuji E: Circulating microRNAs in plasma of
patients with gastric cancers. Br J Cancer 102(7): 1174-1179, 2010.

8 Guttman M, Amit I, Garber M, French C, Lin MF, Feldser D,
Huarte M, Zuk O, Carey BW, Cassady JP, Cabili MN, Jaenisch
R, Mikkelsen TS, Jacks T, Hacohen N, Bernstein BE, Kellis M,
Regev A, Rinn JL and Lander ES: Chromatin signature reveals
over a thousand highly conserved large non-coding RNAs in
mammals. Nature 458(7235): 223-227, 2009.

9 Ponting CP, Oliver PL and Reik W: Evolution and functions of
long noncoding RNAs. Cell 136(4): 629-641, 2009.

10 Khachane AN and Harrison PM: Mining mammalian transcript
data for functional long non-coding RNAs. PLoS One 5(4):
el0316, 2010.

11 Perez DS, Hoage TR, Pritchett JR, Ducharme-Smith AL, Halling
ML, Ganapathiraju SC, Streng PS and Smith DI: Long,
abundantly expressed non-coding transcripts are altered in
cancer. Hum Mol Genet /7(5): 642-655, 2008.

12 Silva JM, Perez DS, Pritchett JR, Halling ML, Tang H and Smith
DI: Identification of long stress-induced non-coding transcripts
that have altered expression in cancer. Genomics 95(6): 355-362,
2010.

13 Yang F, Bi J, Xue X, Zheng L, Zhi K, Hua J and Fang G: Up-
regulated long non-coding RNA H19 contributes to proliferation
of gastric cancer cells. FEBS J 279(17): 3159-3165, 2012.

14 Yang F, Xue X, BiJ, Zheng L, Zhi K, Gu Y and Fang G: Long
noncoding RNA CCAT1, which could be activated by c-Myc,
promotes the progression of gastric carcinoma. J Cancer Res
Clin Oncol 139(3): 437-445, 2012.

15 Sobin LH, Gospodarowicz MK and Wittekind Ch (eds.). TNM
Classification of Malignant Tumors. 7th ed. Hoboken: Wiley-
Blackwell, 2009.

16 Japanese Gastric Cancer Association: Japanese classification of
gastric carcinoma: 3rd edition. Gastric Cancer /4(2): 101-112,
2011.

17 He L, Thomson JM, Hemann MT, Hernando-Monge E, Mu D,
Goodson S, Powers S, Cordon-Cardo C, Lowe SW, Hannon GJ
and Hammond SM: A microRNA polycistron as a potential
human oncogene. Nature 435: 828-833, 2005.

3192

18 He L, He X, Lim LP, de Stanchina E, Xuan Z, Liang Y, Xue W,
Zender L, Magnus J, Ridzon D, Jackson AL, Linsley PS, Chen
C, Lowe SW, Cleary MA and Hannon GJ: A microRNA
component of the p53 tumour suppressor network. Nature 447:
1130-1134, 2008.

19 Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D,
Sweet-Cordero A, Ebert BL, Mak RH, Ferrando AA, Downing
JR, Jacks T, Horvitz HR and Golub TR: MicroRNA expression
profiles classify human cancers. Nature 435: 834-838, 2005.

20 Calin GA and Croce CM: MicroRNA signatures in human
cancers. Nat Rev Cancer 6: 857-866, 2006.

21 Panzitt K, Tschernatsch MM, Guelly C, Moustafa T, Stradner M,
Strohmaier HM, Buck CR, Denk H, Schroeder R, Trauner M and
Zatloukal K: Characterization of HULC, a novel gene with
striking up-regulation in hepatocellular carcinoma, as noncoding
RNA. Gastroenterology /32(1): 330-342, 2007.

22 Gupta RA, Shah N, Wang KC, Kim J, Horlings HM, Wong DJ,
Tsai MC, Hung T, Argani P, Rinn JL, Wang Y, Brzoska P, Kong
B, Li R, West RB, van de Vijver MJ, Sukumar S and Chang HY:
Long non-coding RNA HOTAIR reprograms chromatin state to
promote cancer metastasis. Nature 464(7291): 1071-1076, 2010.

23 Mercer TR, Dinger ME and Mattick JS: Long non-coding RNAs:
Insights into functions. Mat Rev Genet /0(3): 155-159, 2009.

24 Orom UA, Derrien T, Beringer M, Gumireddy K, Gardini A,
Bussotti G, Lai F, Zytnicki M, Notredame C, Huang Q, Guigo
R and Shiekhattar R: Long noncoding RNAs with enhancer-like
function in human cells. Cell /43(1): 46-58, 2010.

25 Park 1Y, Sohn BH, Choo JH, Joe CO, Seong JK, Lee YI and
Chung JH: Deregulation of DNA methyltransferases and loss of
parental methylation at the insulin-like growth factor II
(Igf2)/H19 loci in p53 knockout mice prior to tumor
development. J Cell Biochem 94(3): 585-596, 2005.

26 Barsyte-Lovejoy D, Lau SK, Boutros PC, Khosravi F, Jurisica I,
Andrulis IL, Tsao MS and Penn LZ: The c-Myc oncogene directly
induces the H19 noncoding RNA by allele-specific binding to
potentiate tumorigenesis. Cancer Res 66(10): 5330-5337, 2006.

27 Zofall M and Grewal SI: HULC, a histone H2B ubiquitinating
complex, modulates heterochromatin independent of histone
methylation in fission yeast. J Biol Chem 282(719): 14065-14072,
2007.

28 Xu C, Yang M, Tian J, Wang X and Li Z: MALATI: A long non-
coding RNA and its important 3’ end functional motif in
colorectal cancer metastasis. Int J Oncol 39(1): 169-175, 2011.

29 Yang F,Yi F, Zheng Z, Ling Z, Ding J, Guo J, Mao W, Wang X,
Wang X, Ding X, Liang Z and Du Q: Characterization of a
carcinogenesis-associated long non-coding RNA. RNA Biol
9(1): 110-116, 2012.

30 Ratajczak MZ: Igf2-HI19, an imprinted tandem gene, is an
important regulator of embryonic development, a guardian of
proliferation of adult pluripotent stem cells, a regulator of
longevity, and a ‘passkey’ to cancerogenesis. Folia Histochem
Cytobiol 50(2): 171-179, 2012.

31 Hibi K, Nakamura H, Hirai A, Fujikake Y, Kasai Y, Akiyama S,
Ito K and Takagi H: Loss of H/9 imprinting in esophageal
cancer. Cancer Res 56(3): 480-482, 1996.

32 Douc-Rasy S, Barrois M, Fogel S, Ahomadegbe JC, Stéhelin D,
Coll J, Riou G: High incidence of loss of heterozygosity and
abnormal imprinting of H/9 and /GF2 genes in invasive cervical
carcinomas. Uncoupling of H19 and IGF2 expression and biallelic
hypomethylation of H/9. Oncogene /2(2): 423-430, 1996.



Arita et al: Plasma IncRNAs in Patients with Gastric Cancer

33 Lottin S, Adriaenssens E, Berteaux N, Leprétre A, Vilain MO,
Denhez E, Coll J, Dugimont T and Curgy JJ: The human H/9
gene is frequently overexpressed in myometrium and stroma
during pathological endometrial proliferative events. Eur J
Cancer 41(1): 168-177, 2005.

34 Matouk 1J, DeGroot N, Mezan S, Ayesh S, Abu-lail R, Hochberg
A and Galun E: The HI9 non-coding RNA is essential for
human tumor growth. PLoS One 2(9): e845, 2007.

35 Tian F, Tang Z, Song G, Pan Y, He B, Bao Q and Wang S: Loss of
imprinting of /GF2 correlates with hypomethylation of the H/9
differentially methylated region in the tumor tissue of colorectal
cancer patients. Mol Med Report 5(6): 1536-1540, 2012

36 Lawrie CH, Gal S, Dunlop HM, Pushkaran B, Liggins AP,
Pulford K, Banham AH, Pezzella F, Boultwood J, Wainscoat JS,
Hatton CS and Harris AL: Detection of elevated levels of
tumour-associated microRNAs in serum of patients with diffuse
large B-cell lymphoma. Br J Haematol /41(5): 672-675, 2008.

37 Ng EK, Chong WW, Jin H, Lam EK, Shin VY, Yu J, Poon TC,
Ng SS and Sung JJ: Differential expression of microRNAs in
plasma of patients with colorectal cancer: A potential marker for
colorectal cancer screening. Gut 58(10): 1375-1381, 2009.

38 Resnick KE, Alder H, Hagan JP, Richardson DL, Croce CM and
Cohn DE: The detection of differentially expressed microRNAs
from the serum of ovarian cancer patients using a novel real-time
PCR platform. Gynecol Oncol 7/2(1): 55-59, 2009.

39 Komatsu S, Ichikawa D, Takeshita H, Tsujiura M, Morimura R,
Nagata H, Kosuga T, Iitaka D, Konishi H, Shiozaki A, Fujiwara
H, Okamoto K and Otsuji E: Circulating microRNAs in plasma
of patients with oesophageal squamous cell carcinoma. Br J
Cancer 105(1): 104-111, 2011.

40 Morimura R, Komatsu S, Ichikawa D, Takeshita H, Tsujiura M,
Nagata H, Konishi H, Shiozaki A, Ikoma H, Okamoto K, Ochiai
T, Taniguchi H and Otsuji E: Novel diagnostic value of
circulating miR-18a in plasma of patients with pancreatic cancer.
Br J Cancer 105(11): 1733-1740, 2011.

41 Konishi H, Ichikawa D, Komatsu S, Shiozaki A, Tsujiura M,
Takeshita H, Morimura R, Nagata H, Arita T, Kawaguchi T,
Hirashima S, Fujiwara H, Okamoto K and Otsuji E: Detection
of gastric cancer-associated microRNAs on microRNA
microarray comparing pre- and postoperative plasma. Br J
Cancer 106(4): 740-747, 2012.

42 Komatsu S, Ichikawa D, Tsujiura M, Konishi H, Takeshita H,
Nagata H, Kawaguchi T, Hirajima S, Arita T, Shiozaki A, Kubota
T, Fujiwara H, Okamoto K and Otsuji E: Prognostic impact of
circulating mir-21 in the plasma of patients with gastric
carcinoma. Anticancer Res 33(17): 271-276, 2013.

43 Tinzl M, Marberger M, Horvath S and Chypre C: DD3PCA3
RNA analysis in urine-a new perspective for detecting prostate
cancer. Eur Urol 46(2): 182-186, 2004.

44 Tguchi H, Kosaka N and Ochiya T: Secretory microRNAs as a
versatile communication tool. Commun Integr Biol 3(5): 478-
481, 2010.

45 Arroyo JD, Chevillet JR, Kroh EM, Ruf IK, Pritchard CC,
Gibson DF, Mitchell PS, Bennett CF, Pogosova-Agadjanyan EL,
Stirewalt DL, Tait JF and Tewari M: Argonaute 2 complexes
carry a population of circulating microRNAs independent of
vesicles in human plasma. Proc Natl Acad Sci USA 108(12):
5003-5008, 2011.

Received May 10, 2013
Revised June 13, 2013
Accepted June 14, 2013

3193



