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Long Non-Coding RNA LSINCT5 Predicts Negative
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patients. The ectopic expression of LSINCT5 in gastrointestinal cancer

cell lines resulted in an increase in cellular proliferation; conversely,

knock down of LSINCT5 significantly inhibited proliferation.
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Abstract: Long non-coding RNAs (lncRNAs) are recently discovered

RNA transcripts that are aberrantly expressed in many tumor types.

Numerous studies have suggested that lncRNAs can be utilized for

cancer diagnosis and prognosis. LSINCT5 (long stress-induced non-

coding transcript 5) is dramatically upregulated in breast and ovarian

cancer and affects cellular proliferation. However, the expression

pattern of LSINCT5 in gastrointestinal cancer and the association

between aberrant expression of LSINCT5 in gastrointestinal cancer

and malignancy, metastasis, or prognosis remain unknown.

LSINCT5 expression was detected in gastrointestinal cancer and

paired adjacent normal tissue samples or cell lines using reverse

transcription quantitative PCR (RT-qPCR). We also investigated the

potential relationship between tumor LSINCT5 levels and clinicopatho-

logical features of gastrointestinal cancer. Finally, we assessed whether

LSINCT5 influences in vitro cell proliferation.

The expression of LSINCT5 is significantly upregulated in gastroin-

testinal cancer tissues and cell lines relative to their normal counterparts.

In addition, increased LSINCT5 expression was correlated with a larger

tumor size, deeper tumor depth, and advanced clinical stage. Kaplan–

Meier analysis indicated that gastric cancer (GC) and colorectal cancer

(CRC) patients with higher LSINCT5 expression levels have worse

disease-free survival (DFS) and disease-specific survival (DSS) rates.

Moreover, multivariate analysis revealed that increased expression of

LSINCT5 is an independent predictor of DFS and DSS rates in GC
Xiao-Han Shen, MD i, PhD, Lei Dong,
, PhD, Xiao-Yan Zhou, PhD, and Xiang Du, PhD

These results suggest that LSINCT5 may represent a novel prognostic

indicator and a target for gene therapy in gastrointestinal cancer.

(Medicine 93(28):e303)

Abbreviations: CRC = colorectal cancer, DFS = disease-free

survival, DSS = disease-specific survival, GAPDH =

glyceraldehyde-3-phosphate dehydrogenase, GC = gastric cancer,

lncRNAs = long non-coding RNAs, LSINCT5 = long stress-

induced non-coding transcript 5, ncRAN = non-coding RNA

expressed in aggressive neuroblastoma, RT-qPCR = reverse

transcription quantitative PCR.

INTRODUCTION

T he human transcriptome contains large numbers of protein-
coding messenger RNAs (mRNAs) and a large set of non-

coding RNA (ncRNA) that have structural, regulatory, or
unknown functions. In general, ncRNAs are grouped into
two major classes based on their length. Those transcripts
shorter than 200 nucleotides (nt) are usually recognized as
small ncRNAs, which include Piwi-interacting RNAs, small-
interfering RNAs, microRNAs (miRNAs) and some bacterial
regulatory RNAs. The well-documented miRNAs are naturally
occurring small ncRNAs that are capable of regulating target
mRNAs at the post-transcriptional level.1,2 Overwhelming evi-
dence suggests that in cancer, miRNAs are often dysregulated
and may serve as oncogenes or tumor suppressors.3,4 Long non-
coding RNAs (lncRNAs) are a newly discovered class of non-
coding RNA transcripts that are longer than 200 nt.5 Similar to
small non-coding RNAs, lncRNAs are involved in a number of
biological functions and pathological processes, such as stem
cell pluripotency, development, cell growth, and apoptosis.
Moreover, emerging studies have revealed that some differen-
tially expressed lncRNAs are important regulatory molecules in
tumorigenesis and development, demonstrating their potential
roles in both oncogenic and tumor-suppressive pathways.6

Several studies have documented a link between the
aberrant expression of lncRNAs and the pathogenesis/prognosis
of cancer.7 For example, the increased expression of the onco-
genic lncRNA HOTAIR is associated with metastasis in breast
cancer patients,8 and CRC patients with higher HOTAIR
expression levels have a relatively worse prognosis.9 We pre-
viously demonstrated that the aberrant expression of
LOC285194, a p53-regulated tumor suppressor, correlates with
several clinicopathological factors such as tumor size and
metastasis. Furthermore, decreased LOC285194 expression is
an independent predictor of disease-specific survival (DSS) for
CRC patients.10 Our results also suggested that ncRAN (non-
in aggressive neuroblastoma) can con-
igration and invasion and predicts poor
C patients.11 These results suggest that
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lncRNAs could be used for cancer diagnosis, as prognostic
biomarkers, and as potential therapeutic targets.12

LSINCT5 (long stress-induced non-coding transcript 5) is
a 2.6-kb polyadenylated intergenic lncRNA that is located in the
nucleus on the negative strand and is potentially transcribed by
RNA polymerase III.13,14 LSINCT5 is overexpressed in breast
and ovarian cancer cell lines and tumor tissues compared with
their normal counterparts. In addition, an oncogenic function of
LSINCT5 has been suggested by knockdown experiments that
showed a decrease in cellular proliferation.14 Moreover, low
LSINCT5 expression levels have been observed in less pro-
liferative normal tissues such as the brain, whereas higher
LSINCT5 expression levels have been observed in highly
proliferative normal tissues, including the kidney, pancreas,
colon, and spleen.13,14 However, little information is available
on the expression pattern of LSINCT5 in gastrointestinal can-
cer, and whether the aberrant expression of LSINCT5 in
gastrointestinal cancer is associated with malignancy, metas-
tasis, or prognosis remains unknown.

In this study, we investigated whether LSINCT5 expres-
sion is altered in gastrointestinal cancer tissue or cell lines
compared with adjacent normal tissue or normal cell lines. We
also investigated the potential relationship between tumor
LSINCT5 levels and clinicopathological features of gastroin-
testinal cancer, such as tumor size, growth phase, pathological
stage, vascular invasion, nervous invasion, lymphatic metasta-
sis, peritoneal metastasis, disease-free survival (DFS), and DSS.
Finally, we assessed whether LSINCT5 influences in vitro cell
proliferation.

MATERIALS AND METHODS

Tumor Tissue Samples
Samples of fresh gastric (GC) and colorectal cancer (CRC)

tissues and samples of paired adjacent noncancerous tissues
were randomly selected from patients who underwent resection
of primary GC or CRC at Fudan University Shanghai Cancer
Center from September 2007 to April 2008. The carcinoma
diagnosis was histopathologically confirmed. None of the
patients received preoperative therapy.

Data for all subjects were obtained from medical records,
pathology reports, and personal interviews with the subjects. A
total of 71 patients (57 males and 14 females) suffered GC; the
median age was 60 years (range, 34–82 years). A total of 74
patients (35 males and 39 females) suffered CRC; the median
age was 56 years (range, 30–86 years). The collected clinico-
pathological features included tumor size, location, histological
stage, depth of invasion, lymphatic metastasis, vascular inva-
sion, nervous invasion, clinical stage, and peritoneal/distance
metastasis. Patient follow-up was performed every 2–3 months
during the first year after surgery and every 3–6 months
thereafter until June 30, 2013. The histological grade of the
cancers was assessed according to the standard of the World
Health Organization. Cancers were classified using the TNM
staging system of the American Joint Committee on Cancer
(2010) and the International Union against Cancer. This study
was approved by The Clinical Research Ethics Committee of
Fudan University Shanghai Cancer Center. Written informed
consent was obtained from all participants.

Xu et al
Cell Lines and Culture Conditions
Human GC cell lines (AGS, MKN-45, MGC-803, BGC-

823, and HGC-27), CRC cell lines (LoVo, Caco-2, DLD1,

2 | www.md-journal.com
HCT-8, and HCT-116), one normal gastric epithelial cell line
(GES-1), and one normal intestinal mucous cell line (CCC-HIE-
2) were cultured in RPMI 1640 medium (Invitrogen, Carlsbad,
CA, USA) or in Dulbecco’s modified Eagle’s medium
(Hyclone, Logan, UT, USA). All cell lines were supplemented
with 10% fetal bovine serum and 2 mM L-glutamine (Invitro-
gen) at 378C in a 10% CO2 atmosphere.

RNA Isolation, Reverse Transcription (RT), and
Quantitative PCR (qPCR)

Total RNA was extracted from tissue samples and cells
using TRIzol (Invitrogen) according to the manufacturer’s
protocol. RT and qPCR kits were utilized to evaluate LSINCT5
expression in the tissue samples and cells. The RT and qPCR
reactions were performed as previously described,12 and gly-
ceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
an endogenous control to normalize the data. The qPCR primers
for LSINCT5 and GAPDH are detailed in Supplementary,
http://links.lww.com/MD/A115.

Ectopic Expression and Gene Silencing of
LSINCT5 in Cells

For the enhanced expression study, full-length LSINCT5
(GU228577.2) complementary DNAwas cloned into pcDNA3.1
(Suntrans-bio, shanghai, China). The resulting vector was
sequenced and named pcDNA-LSINCT5. To knock down
LSINCT5 expression, 3 individual siRNAs (LSINCT5-siRNA1,
LSINCT5-siRNA2, and LSINCT5-siRNA3; Bioneer, Daejeon,
South Korea) were synthesized and optimized. An extra siRNA
was designed as a negative control (NC-siRNA) (Supplementary,
http://links.lww.com/MD/A115). MGC-803 and Caco-2 cells
were transfected with vector or pcDNA-LSINCT5, HGC-27
and LoVo cells were transfected with control siRNA or
LSINCT5-siRNA. The LSINCT5 expression levels were deter-
mined using RT-qPCR. After 48 hours, total RNA was extracted
from the harvested cells using TRIzol, and LSINCT5 expression
was measured by RT-qPCR as described above.

Cell Proliferation Assay
Cell proliferation was evaluated using a CCK-8 assay

(Dojindo, Kumamoto, Japan) according to the manufacturer’s
instructions. This assay is based on the cleavage of the WST-8
tetrazolium salt by mitochondrial dehydrogenase in viable cells.
For this assay, 2� 103 cells/well were incubated in 100 mL
culture medium in 96-well plates. The cells were transfected
with vector or pcDNA-LSINCT5 and control siRNA or
LSINCT5-siRNA2 or LSINCT5-siRNA3 for 1, 2, or 3 days
before 10 mL CCK-8 (5 mg/mL) was added to the culture medium
in each well. After 1 hour of incubation at 378C, the absorbance at
450 nm was measured in a ThermoMax Microplate Reader
(Molecular Devices). Each experiment was repeated 3 times,
and the data represent the mean of all measurements.

Statistical Analysis
All statistical analyses were performed using SPSS 20.0

(IBM, SPSS, Chicago, IL, USA). The significance of the
differences between groups was estimated using Student’s
t test, the x2 test, or the Wilcoxon test. The Kaplan–Meier
method with the log-rank test for comparisons was used to
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calculate the DFS and the DSS rates. The DFS rate was
calculated from the date of surgery to the date of progression
(local and/or distal tumor recurrence) or to the date of death.

# 2014 Lippincott Williams & Wilkins
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The DSS rate was defined as the length of time between the
diagnosis and death or last follow-up. Survival data were
evaluated using univariate and multivariate Cox regression
analyses. A value of P< 0.05 indicated a significant difference.

RESULTS

LSINCT5 Expression Is Significantly Upregulated
in GC and CRC

Our first goal was to investigate whether LSINCT5 expres-
sion could be detected and whether its expression was altered in
GC and CRC tissue compared with adjacent normal tissue.
Using GAPDH as the normalization control, we determined that
54 (73%) cases displayed high expression of LSINCT5 in GC
tissues (Figure 1A), whereas 45 (63%) cases displayed high
expression of LSINCT5 in CRC tissues (Figure 1B). In addition,
LSINCT5 expression was significantly higher in GC tissue
(Figure 1C) or CRC tissue (Figure 1D) compared with adjacent
normal tissue (both P< 0.001). We next examined the expres-
sion level of LSINCT5 in several GC and CRC cell lines and in
two normal gastrointestinal cell lines. LSINCT5 expression was
significantly higher in the GC or CRC cell lines than in the GES-
1 (Figure 1E) or CCC-HIE-2 cell lines (Figure 1F).

LSINCT5 Expression Is Correlated With GC and
CRC Clinical Pathology

Next, we determined whether tumor LSINCT5 expression
levels are associated with specific clinicopathological charac-
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teristics. GC patients with higher LSINCT5 expression levels
tended to have larger tumor sizes (P¼ 0.025), deeper tumor
invasion depth (P¼ 0.022), more lymphatic metastasis

A B

D E

FIGURE 1. LSINCT5 expression in GC and CRC tissue samples and cell l
54 (73%) cases (A), while 45 (63%) cases showed high expression of LS
with adjacent normal tissues, LSINCT5 was overexpressed in GC tissue
in 5 GC cell lines and the GES-1 cell line.

�
Significant difference co

(F) LSINCT5 expression was quantified in 5 CRC cell lines and the CCC
(mean� SD;

�
P<0.05,

��
P<0.01, n¼3).
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(P¼ 0.043), and advanced TNM stages (P¼ 0.016)
(Table 1), while the high expression of LSINCT5 was associ-
ated with increased tumor size (P¼ 0.013), deeper tumor
invasion depth (P¼ 0.003), and advanced TNM stage
(P¼ 0.005) for CRC patients (Table 2). These data suggest
that LSINCT5 overexpression is associated with the clinical
progression and development of human gastrointestinal cancer.
However, there was no significant correlation between
LSINCT5 expression and other clinicopathological features
such as age, gender, tumor location, histological grade, vascular
invasion, nervous invasion, or distant/peritoneal metastasis
(P> 0.05).

LSINCT5 Expression Is Correlated With GC and
CRC Patients’ Prognosis

To assess the correlation between LSINCT5 expression
and gastrointestinal cancer patients’ prognosis, the expression
levels of LSINCT5 in tumor tissue were categorized as low or
high relative to the mean. Kaplan–Meier analysis indicated that
patients with higher expression levels of LSINCT5 had signifi-
cantly shorter DFS and DSS than did those with lower expres-
sion levels in both the GC cohort (P¼ 0.003 and 0.004; log rank
test, Figure 2A and B) and the CRC cohort (P¼ 0.012 and
0.029; log rank test, Figure 2C and D). A univariate Cox
proportional hazards regression analysis of DFS also revealed
that both GC (Table 3) and CRC (Table 4) patients with higher
expression levels of LSINCT5 were found to have significantly
worse prognoses than those with lower expression levels.

LSINCT5 in Gastrointestinal Cancer
However, a multivariate analysis demonstrated that the
increased expression of LSINCT5 was only an independent
indicator for DFS (Table 3) and DSS (Table 5) in GC patients;

C

F

ines. High LSINCT5 expression levels were observed in GC tissues in
INCT5 in CRC tissues when normalized to GAPDH (D). Compared
s (B) and CRC tissues (E). (C) LSINCT5 expression was quantitated
mpared with GES-1 (mean� SD;

�
P<0.05,

��
P<0.01, n¼3).

-HIE-2 cell line.
�
Significant difference compared with CCC-HIE-2
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TABLE 1. Relationship Between LSINCT5 Expression and Clinicopathologic Parameters of Gastric Cancer Patients

Variables Number (n¼ 71) LSINCT5 Expression
�

Py

Age (years) 0.544
<60 33 1.046 (0.594–1.840)
�60 38 0.963 (0.600–1.545)

Gender 0.347

Male 57 1.098 (0.827–1.457)
Female 14 0.706 (0.269–1.849)

Tumor mass size 0.025
<5 cm 35 0.291 (0.149–0.448)
�5 cm 36 0.733 (0.651–0.972)

Location 0.614
Upper stomach 19 1.053 (0.952–1.164)
Middle stomach 7 1.025 (0.553–1.898)
Lower stomach 33 0.971 (0.459–2.054)
Entire stomach 12 1.056 (0.269–4.139)

Histologic grade 0.102
Well and moderately 55 1.293 (0.894–1.868)
Poorly and others 16 0.499 (0.217–1.148)

Depth of tumor 0.022
T1 and T2 16 5.882 (1.831–41.639)
T3 and T4 55 0.743 (0.606–0.911)

Vascular invasion 0.090
Absent 32 1.699 (0.826–3.497)
Present 39 0.700 (0.469–1.046)

Nervous invasion 0.285
Absent 30 1.314 (0.674–2.565)
Present 41 0.831 (0.551–1.253)

Lymphatic metastasis 0.043
Absent 23 3.641(1.872–7.837)
Present 48 0.715 (0.537–0.953)

Peritoneal metastasis 0.419
Absent 56 1.072 (0.804–1.428)
Present 15 0.784 (0.306–2.009)

TNM stagez 0.016
I and II 30 2.549 (1.019–6.376)
III and IV 41 0.613 (0.429–0.874)

�
d in
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differences in the DFS (Table 4) or DSS (Table 6) rates in the
CRC cohort did not reach statistically significant levels. These
data suggest that LSINCT5 plays an important role in
gastric carcinogenesis.

LSINCT5 Promotes Tumor Cell Growth
To investigate the biological function of LSINCT5 in GC

cell lines, we ectopically expressed LSINCT5 in MGC-803 and
Caco-2 cells (which expressed the lowest relative levels of
LSINCT5), silenced LSINCT5 in HGC-27 and LoVo cells
(which expressed the highest relative levels of LSINCT5)
and evaluated the resulting cell proliferation. Up-regulating
LSINCT5 significantly promoted tumor cell growth

Median of relative expression with 25th–75th percentile is recorde
yAll statistical tests were 2-sided. Significance level: P< 0.05.
zTumor stage was obtained according to the TNM criteria.
(Figure 3A–C), whereas down-regulating LSINCT5 inhibited
tumor cell growth, as measured using the CCK-8 assay
(Figure 3D–F).

4 | www.md-journal.com
DISCUSSION
In this study, we confirmed that the expression of

LSINCT5 was significantly higher in GC and CRC tissues than
in adjacent normal tissues. In addition, LSINCT5 expression
was markedly increased in several gastrointestinal cancer cell
lines compared with normal cell lines. Clinically, the increased
expression of LSINCT5 is an independent predictor of DFS and
DSS rates in GC patients. Moreover, using loss-of-function and
gain-of-function approaches, we determined that LSINCT5
promoted gastric cancer cell growth in vitro.

LSINCT5 has been reported to be overexpressed in breast
and ovarian cancer cell lines and tumor tissues compared with
their normal counterparts,13,14 and these findings are consistent
with our present report of increased LSINCT5 expression in

parentheses.
gastrointestinal cancer, indicating that LSINCT5 may be a
common oncogenic lncRNA. Although a variety of lncRNAs
are aberrantly expressed in several tumors, the mechanisms

# 2014 Lippincott Williams & Wilkins
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TABLE 2. Relationship Between LSINCT5 Expression and Clinicopathologic Parameters of Colorectal Cancer Patients

Variables Number (n¼ 74) LSINCT5 Expression
�

Py

Age (years) 0.519
<56 34 1.053 (0.626–1.772)
�56 40 0.957 (0.622–1.473)

Gender 0.054
Male 35 0.608 (0.382–0.967)
Female 39 1.666 (0.970–2.861)

Tumor mass size 0.013
<5 cm 49 1.591 (1.043–2.426)
�5 cm 25 0.451 (0.240–0.849)

Location 0.239
Colon 33 0.780 (0.472–1.289)
Rectum 41 1.237 (0.784–1.954)

Histologic grade 0.324
Well and moderately 53 1.117 (0.815–1.530)
Poorly and others 21 0.766 (0.372–1.579)

Depth of tumor 0.003
T1 and T2 20 5.170 (1.298–20.594)
T3 and T4 54 0.666 (0.519–0.855)

Vascular invasion 0.260
Absent 50 0.862 (0.632–1.175)
Present 24 1.395 (0.664–2.930)

Nervous invasion 0.532
Absent 64 1.024 (0.864–1.240)
Present 10 0.862 (0.267–2.786)

Lymphatic metastasis 0.116
Absent 41 1.388 (0.861–2.239)
Present 33 0.689 (0.420–1.131)

Distance metastasis 0.051
Absent 56 1.318 (0.960–1.809)
Present 18 0.460 (0.206–1.023)

TNM stagez 0.004
I and II 39 1.793 (1.293–2.106)
III and IV 35 1.766 (1.477–2.230)

�
Median of relative expression with 25th–75th percentile is recorded in parentheses.
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underlying this dysregulation are poorly understood. LSINCT5
is an intergenic lncRNA located 829,825 bp downstream of the
IRX4 gene and 31,529 bp upstream of the IRX2 gene, both
genes closely related to tumor development. LSINCT5’s dis-
order in gastrointestinal tumors may be the downstream effect
of these two genes. In addition, to determine how LSINCT5
expression was regulated transcriptionally, we performed a
search for possible transcription factor-binding sites using
online software programs MatInspector (www.genomatix.de/
online_help/help_matinspector/matinspector_help.html) and
TFSEARCH (www.cbrc.jp/research/db/TFSEARCH.html) in
the promoter region of LSINCT5 and found that LSINCT5
may be regulated by many known tumorigenic and development
related transcription factors such as C/EBPbeta, signal trans-
ducers and activators of transcription (STATx), etc. Moreover,
combined with the experimental results obtained by Silva
et al,13 we assumed that LSINCT5, similar to LOC285194,15

and growth arrest-specific transcript 5 (GAS5),16 ERIC,17 and

yAll statistical tests were 2-sided. Significance level: P< 0.05.
zTumor stage was obtained according to the TNM criteria.
JADE18, may be a product from cancer progress, for example, in
response to DNA damage. The precise mechanism requires
further study.

# 2014 Lippincott Williams & Wilkins
The role of LSINCT5 in cellular proliferation was also
investigated in our study. Up-regulating LSINCT5 significantly
promoted tumor cell growth, whereas down-regulating
LSINCT5 inhibited tumor cell growth, as measured using the
CCK-8 assay. Combined with the experimental results of Silva
et al,14 we assumed that LSINCT5 may act as an oncogenic
lncRNA by influencing many cellular processes, including
proliferation, in the carcinogenesis of cancers such as breast
cancer, ovarian cancer, and gastrointestinal cancer. Although
LSINCT5 can facilitate the progression of some types of cancer,
little is known about the underlying molecular mechanisms. The
precise mechanism of how lncRNA regulates the expression of
its target genes is not clear. Microarray analysis has shown that
several cancer-associated genes, such as NEAT1, PSPC1,
EPPK1, ACTR2, and CXCR4, display a more than 2-fold
increase or decrease in expression level in response to LSINCT5
knockdown in MCF7 cells. Silva et al14 suggested that increased
LSINCT5 leads to increased CXCR4, which may explain the

proliferative effect of LSINCT5. The exact role of LSINCT5 in
the process of GC and CRC development is not clear. We
speculate that LSINCT5 may also regulate gastrointestinal

www.md-journal.com | 5
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A B

C D

FIGURE 2. Kaplan–Meier DFS and DSS analyses in GC and CRC. The Kaplan–Meier DFS (A) and DSS (B) analyses for GC patients based on
the expression of LSINCT5 (n¼71) showed that the DFS and DSS rates in the LSINCT5 high-expression group were significantly lower
than those of patients with low LSINCT5 expression levels. Kaplan–Meier DFS (C) and DSS (D) analyses for CRC patients (n¼74) showed

p w
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cancer cell proliferation through different potential target genes.
Nevertheless, as the target genes of lncRNA may differ between
specific tissues and cell types and the specific target genes
controlled by LSINCT5 in gastrointestinal cancer remain
unknown, further studies are required to determine whether it

that the DFS and DSS rates in the LSINCT5 high-expression grou
expression levels.
regulates the genes identified by microarray analysis.
Gastric cancer is one of the most frequent malignancies

in East Asian countries.19 Patients with gastric cancer are

TABLE 3. Univariate and Multivariate Analysis of Clinicopatholog

Variable

Univariat

HR (95%CI)

Age (<60/�60) 1.295 (0.697–2.40
Gender (male/female) 0.985 (0.958–1.01
Tumor size (<5/�5) 1.276 (0.684–2.38
Histologic grade (well, mod/poor, others) 0.894 (0.424–1.88
Depth of tumor (T1, T2/T3, T4) 0.941 (0.679–0.97
Vascular invasion (present/absent) 1.381 (0.728–2.62
Nervous invasion (present/absent) 2.045 (1.038–4.02
Lymphatic metastasis (present/absent) 4.819 (1.881–12.3
Peritoneal metastasis (present/absent) 2.064 (1.028–4.14
TNM stage (IIIþIV/IþII) 1.775 (1.312–2.40
LSINCT5 (high/low) 2.501 (1.326–4.71

CI¼ confidence interval, HR¼Hazard ratio.�
All statistical tests were 2-sided. Significance level: P< 0.05.

6 | www.md-journal.com
mostly diagnosed at advanced clinical stages and typically
exhibit lymphatic tumor dissemination, with poor prognoses
and a 5-year survival rate of <30%.20,21 Colorectal cancer is
the third most common malignant tumor and is one of the
most common cancers in China.22,23 Despite efforts in

ere significantly lower than those of patients with low LSINCT5
multiple fields, there has been little success in improving
the DFS rate of gastrointestinal cancer patients. Identifi-
cation of differential risk groups based on both clinical

ical Factors for Disease-Free Survival in Gastric Cancer

e Analysis Multivariate Analysis

P
�

HR (95%CI) P
�

9) 0.413
4) 0.309
0) 0.444
3) 0.767
0) 0.008 0.432 (0.088–0.991) 0.029
0) 0.324
9) 0.039
49) 0.001 1.324 (1.019–2.251) 0.005
7) 0.042
1) 0.000 3.488 (1.711–4.798) 0.000
9) 0.004 1.081 (1.286–3.564) 0.018

# 2014 Lippincott Williams & Wilkins
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TABLE 4. Univariate and Multivariate Analysis of Clinicopathological Factors for Disease-Free Survival in Colorectal Cancer

Variable

Univariate Analysis Multivariate Analysis

HR (95%CI) P
�

HR (95%CI) P
�

Age (<56/�56) 1.678 (0.625–4.507) 0.305
Gender (male/female) 1.164 (0.437–3.101) 0.762
Tumor size (<5/�5) 1.625 (0.524–5.039) 0.164
Location (colon/rectum) 1.767 (0.658–4.748) 0.259
Histologic grade (well, mod/poor, others) 0.460 (0.048–0.797) 0.040
Depth of tumor (T1, T2/T3, T4) 0.028 (0.000–2.532) 0.120
Vascular invasion (present/absent) 0.589 (0.219–1.581) 0.293
Nervous invasion (present/absent) 3.490 (1.211–10.055) 0.021
Lymphatic metastasis (present/absent) 24.533 (3.234–86.089) 0.002 15.758 (2.024–22.657) 0.008
Distant metastasis (present/absent) 11.028 (3.792–32.074) <0.000 6.023 (1.987–18.254) 0.002
TNM stage (IIIþIV/IþII) 21.560 (2.843–43.493) 0.003 11.226 (1.378–31.470) 0.024
LSINCT5 (high/low) 1.303 (1.110–3.835) 0.021

CI¼ confidence interval, HR¼Hazard ratio.
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and molecular prognostic factors is a topic of growing
interest. One promising strategy for identifying molecular
markers involved in gastrointestinal cancer progression is to
focus on lncRNA expression associated with patient survival.
For example, CRC patients with higher PCAT-1 expression
have a relatively poor overall survival rate,24 and a high
expression level of HOTAIR is a predictor of poor overall
survival in both GC25 and CRC9 patients. In this study, we
determined that tumor LSINCT5 expression levels were
associated with specific clinicopathological characteristics.
For example, both GC and CRC patients with higher expres-
sion of LSINCT5 tended to have larger-sized tumors,
advanced invasion depths, and advanced TNM stages. More

�
All statistical tests were 2-sided. Significance level: P< 0.05.
importantly, we observed that high expression levels of
LSINCT5 were significantly associated with poor DFS and
DSS rates in both GC and CRC patients, and a multivariate

TABLE 5. Univariate and Multivariate Analysis of Clinicopatholog

Variable

Univariat

HR (95%CI)

Age (<60/�60) 0.665 (0.293–1.51
Gender (male/female) 0.699 (0.259–1.88
Tumor size (<5/�5) 1.519 (0.668–3.45
Histologic grade (well, mod/poor, others) 1.201 (0.489–2.94
Depth of tumor (T1, T2/T3, T4) 0.434 (0.269–0.87
Vascular invasion (present/absent) 1.460 (0.631–3.37
Nervous invasion (present/absent) 1.965 (0.827–4.67
Lymphatic metastasis (present/absent) 8.404 (1.940–36.4
Peritoneal metastasis (present/absent) 2.652 (1.029–6.83
TNM stage (IIIþIV/IþII) 9.596 (2.816–32.6
LSINCT5 (high /low) 2.946 (1.288–6.74

CI¼ confidence interval, HR¼Hazard ratio.�
All statistical tests were 2-sided. Significance level: P< 0.05.

# 2014 Lippincott Williams & Wilkins
analysis revealed that LSINCT5 is an independent prognostic
indicator for the DFS and DSS rates of GC patients. There-
fore, LSINCT5 may be a candidate biomarker for predicting
tumor recurrence and clinical outcomes in GC patients.

Finally, it is worth noting that there were some unavoid-
able limitations in this study. First, the prognosis prediction
reliability of LSINCT5 is limited by the small sample, which
requires further confirmation in large-scale and multi-center
studies. Second, the present study demonstrated that LSINCT5
is overexpressed in gastrointestinal cancer, but the mechanisms
underlying this dysregulation deserve further study. Last but not
least, although we confirmed that LSINCT5 promotes tumor
cell growth in vitro, the precise mechanism of how LSINCT5

regulates the expression of its target genes in GC is not clear. In
future work, high-throughput techniques should be applied to
obtain a global view of the changes in lncRNA, miRNA

ical Factors for Disease-Specific Survival in Gastric Cancer

e Analysis Multivariate Analysis

P
�

HR (95%CI) P
�

0) 0.330
6) 0.479
7) 0.319
6) 0.690
3) 0.023
5) 0.376
1) 0.126
13) 0.004 6.553 (1.356–12.295) 0.007
5) 0.043
98) 0.000 5.777 (2.989–23.062) 0.001
0) 0.005 2.652 (1.532–3.598) 0.009
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TABLE 6. Univariate and Multivariate Analysis of Clinicopathological Factors for Disease-Specific Survival in Colorectal Cancer

Variable

Univariate Analysis Multivariate Analysis

HR (95%CI) P
�

HR (95%CI) P
�

Age (<56/�56) 1.017 (0.957–1.082) 0.582
Gender (male/female) 1.113 (0.266–4,658) 0.883
Tumor size (<5/�5) 0.251 (0.031–2.040) 0.196
Location (colon/rectum) 0.579 (0.145–2.317) 0.440
Histologic grade (well, mod/poor, others) 5.518 (1.314–23.176) 0.020
Depth of tumor (T1, T2/T3, T4) 1.609 (0.055–6.754) 0.281
Vascular invasion (present/absent) 4.075 (0.972–7.086) 0.055
Nervous invasion (present/absent) 3.368 (1.679–16.708) 0.037
Lymphatic metastasis (present/absent) 10.616 (1.304–86.427) 0.004 5.654 (1.654–24.787) 0.009
Distant metastasis (present/absent) 11.106 (3.398–24.116) 0.000 11.259 (2.127–19.610) 0.001
TNM stage (IIIþIV/IþII) 1.304 (1.304–42.437) 0.007 10.616 (1.304–86.427) 0.027
LSINCT5 (high/low) 1.408 (1.050–3.315) 0.032

CI¼ confidence interval, HR¼Hazard ratio.
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and mRNA molecules and elucidate the mechanisms of
LSINCT5 regulation.

In conclusion, we determined that LSINCT5 expression is
significantly upregulated in gastrointestinal cancer tissues and
cell lines and correlated with some clinical pathology. In
addition, LSINCT5 expression may be potential for predicting
the prognosis of GC patients. Moreover, we determined
that LSINCT5 promotes gastric cancer cell growth in vitro.

�
All statistical tests were 2-sided. Significance level: P< 0.05.
Taken together, these results suggest that LSINCT5 may
represent a novel prognostic indicator and a target for gene
therapy in GC.

A B

D E

FIGURE 3. LSINCT5 promoted cell proliferation. MGC-803 and Caco
and LoVo cells were transfected with control siRNA or LSINCT5-siRNA
regulating LSINCT5 (A) significantly promoted tumor cell growth (B
growth, as measured using the CCK-8 assay (E, F). The error bars repr
control (P<0.05).
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