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Abstract. - OBJECTIVE: Long noncoding
RNAs (IncRNAs) display a functional effect on the
pathogenesis of several diseases, including vari-
ous tumors. Herein, we aimed to reveal the role of
IncRNA somatostatin receptor 5 antisense RNA 1
(SSTR5-AS1) in gastric cancer (GC).

PATIENTS AND METHODS: qRT-PCR was uti-
lized for testing the SSTR5-AS1 expression in
158 paired primary GC tissues and correspond-
ing normal gastric specimens. Receiver oper-
ating characteristic (ROC) curves were estab-
lished to determine the diagnostic values of
overexpression of SSTR5-AS1 in GC. A chi-
square test was performed to analyze the cor-
relation between SSTR5-AS1 expressions and
several clinicopathological features in GC pa-
tients. Kaplan-Meier survival curve was con-
structed to estimate the overall survival (OS)
and disease-free survival (DFS). Multivariate
analyses were conducted to examine the prog-
nostic value of SSTR5-AS1.

RESULTS: We observed that SSTR5-AS1 ex-
pression was highly expressed in GC speci-
mens compared with adjacent non-tumor spec-
imens (p < 0.01). High SSTR5-AS1 expression
was correlated with an advanced pathologic
stage. The ROC curves showed that areas under
the ROC curve (AUC) for SSTR5-AS1 is 0.8419.
Moreover, high expression of SSTR5-AS1 was
observed to be associated with distant metas-
tasis (p = 0.021) and TNM stage (p = 0.042). Be-
sides, survival analysis showed that GC patients
with high SSTR5-AS1 expression suffered poor-
er OS (p = 0.020) and DFS (p = 0.0007). Multi-
variate assays demonstrated that increased ex-
pressions of SSTR5-AS1 could be an indepen-
dent prognostic marker of OS and DFS of GC
patients.

CONCLUSIONS: Our findings indicate that
SSTR5-AS1 served as a promising novel prog-
nostic biomarker for GC.
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Introduction

Gastric cancer (GC) is the fourth and fifth
most common neoplasm among men and women,
respectively, worldwide and one of the initial
causes of tumor-associated mortality in China'?.
The carcinogenesis and progression of GC were
influenced by many factors, and many patients
were diagnosed at an advanced stage due to their
asymptomatic presentations in the early stage®*.
Despite of the conspicuous enhancements in op-
erative treatments and the following radiotherapy
and chemotherapy, the long-term survivals of
patients with advanced stages remain low, espe-
cially those displaying distant metastasis™°. Thus,
there is an urgent need to explore the mechanisms
involved in the progression of GC for the identi-
fication of novel diagnostic and prognostic bio-
markers and the development of novel molecular
targets for GC.

The development of gene engineering has provid-
ed conclusive evidence that up to 75% of the human
genomes are transcribed into non-coding RNA’.
Long noncoding RNAs (IncRNAs) belong to a class
of transcribed RNA with over 200 nucleotides and
are shown to have limited protein-coding ability?®.
Like protein-coding RNAs, IncRNA genes also
contain exons and introns and their transcription is
subject to the same histone modification-mediated
modulation’. LncRNAs may exhibit an imperative
role in several tumor progressions via influencing
the cellular progress of various tumors, such as
the proliferation, apoptosis and metastasis'*!'. In
addition, some functional IncRNAs involved in
alimentary canal evolution and development have
been reported to be used as novel cancer biomarkers
and therapeutic targets for GC'*'3.

Recently, a novel tumor-related IncRNA, so-
matostatin receptor 5 antisense RNA 1 (SSTRS-
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AS1), was identified in gallbladder carcinoma
and prostate cancer'*!'>, They reported the ex-
pression pattern, clinical significance, and pos-
sible tumor-related functions in the above two
tumors. However, as a novel identified factor,
the expression and function of prostate cancer in
other types of tumors remains largely unclear. In
this study, for the first time, we reported the dis-
tinct overexpression of SSTR5-AS1 in GC from
our cohort. Then, we confirmed its prognostic
and diagnostic value in 158 CG patients. Our
findings provided a novel potential biomarker
for GC patients.

Patients and Methods

Patients and Tissue Samples

Frozen specimens were obtained from 158
patients (97 male and 61 female, from 31 to
72 year old), who had undergone resection for
GC in our hospital from May 2011 to August
2014. All patients underwent standard resection
without receiving chemotherapy or radiothera-
py preoperatively. All samples were diagnosed
correctly based on clinical and pathological evi-
dence. Clinicopathological characters of 158 GC
patients included in this study are included in
Table 1. Written informed consent was obtained
from all patients. The institutional Review Board
approved the study.

RNA Extraction and Quantitive Real
Time-PCR (qRT-PCR)

Total RNA was extracted from all collected
samples using TRIzol reagent (Life Technologies
Corporation, Shijingshan, Beijing, China). cDNA
was synthesized using RevertAid First Strand
cDNA Synthesis Kit (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufac-
turer’s protocol. Real Time-PCR was performed
for the examination of SSTR5-ASI levels using an
ABI 7400 Fast Real-time PCR System (Applied
Biosystems, Carlsbad, CA, USA) with a SYBR
Premix Ex Taq kit (TaKaRa, Dalian, China).
The primers are listed as follows: SSTR5-AS1-
forward: 5-GGCAGCCGGAATCTGGAACT-3’
and SSTRS5-ASl-reverse: 5-CAGTGCGCAG-
CAATGATTAG-3’. GAPDH forward: 5-CAAT-
GACCCCTTCATTGAC-3’ and GAPDH-reverse:
5’-GACAAGCTTCCCGTTCTC-3’. Fold changes
were calculated by relative quantification (2724<")
method.

Statistical Analysis

All data were expressed as mean-standard
deviation and statistically analyzed using SPSS
(19.0 vision; IBM Corp., Armonk, NY, USA).
Student’s t-test or chi-square test was utilized
to analyze the statistical significance for the
comparisons of 2 groups. Kaplan-Meier methods
were used to conduct the overall survival (OS)
and disease-free survival (DFS) assays. Mul-
tivariate Cox proportional hazards model was
conducted to evaluated survival data. Differences
were considered significant when p < 0.05.

Results

SSTR5-AS1 is Upregulated in GC Tissues

To validate whether SSTR5-AS1 was differ-
entially expressed in GC progression, a total of
158 paired clinical GC specimens and matched
normal gastric specimens were analyzed for
SSTR5-ASI1 expression by the use of qRT-PCR.
As shown in Figure 1A, SSTR5-AS1 was shown
to be dramatically up-regulated in GC tissues
compared with adjacent normal tissues (p <
0.01). In addition, we also observed that SSTR5-
AS1 expression was distinctly increased in ad-
vanced clinical grades (p < 0.01, Figure 1B).
Our findings revealed that the overexpression
of SSTR5-AS1 might play a pivotal role in the
pathogenesis of GC.

SSTR5-AS1 Has a Diagnostic Potential
Significance in the Diagnosis of GC

To explore the diagnostic value of SSTRS5-
ASI1 expression in GC patients, ROC curve and
AUC were performed on the expressing data
from all subjects. The ROC curves displayed a
strong separation between the GC tissues and the
normal specimens, with an AUC of 0.8419 (95%
CIL: 0.7462 to 0.9375; p < 0.001) for SSTRS5-AS1
(Figure 2). Thus, SSTR5-AS1 may serve as a po-
tential biomarker for GC.

Correlation of SSTR5-AS1 Expression
with Clinicopathologic Factors of
GC Patients

To statistically explore the associations of
SSTR5-AS1 expression with several clinicopath-
ological features, 158 patients were divided into
two groups high-SSTR5-ASI expression group
(> 5.42; n = 80) and low-SSTRS5-ASI expression
group (<5.42; n = 78) using the median value of
SSTRS5-AS1 (5.42) as a cut-off value. As shown
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Figure 1. SSTR5-ASI expression is upregulated in clinical GC samples. A, RT-PCR assays for the expression of SSTR5-AS1
in 158 paired GC samples and matched normal specimens. B, RT-PCR assays for the expression of SSTR5-ASI in advanced

histologic grades. **p < 0.01, *p <0.05.

in Table I, we observed that high expression of
SSTRS5-AS1 was associated with distant metas-
tasis (p = 0.021) and TNM stage (p = 0.042).
However, no significant correlations were ob-
served between SSTR5-ASI expression and other
clinical factors (all p > 0.05).

High SSTR5-AS1 Expression Predicts
Poor Prognosis in Patients with GC

To further study the possible significance of
SSTRS5-AS1 dysregulation in terms of clinical
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Figure 2. The ROC curve of SSTR5-ASI expression for
distinguishing GC.

outcome, Kaplan-Meier assays were performed
using patient’s OS and DFS. As expected, we
observed that patients with high SSTR5-AS1
expression had shorter mean months of OS (p =
0.0020, Figure 3A) and DFS (p = 0.0007, Figure
3B), than, patients with low SSTR5-ASI expres-
sion. Moreover, multivariate analyses were con-
ducted for the determination of whether SSTRS5-
ASI could be used as a novel biomarker for GC
patients. As shown in Table II, high SSTR5-ASI
expression was observed to be an independent
prognostic factor for OS (HR=2.786, 95% CI:
1.427-4.782; p = 0.008), as well as DFS (HR =
2917, 95% CI: 1.529-5.102; p = 0.004) of GC
patients.

Discussion

The high morbidity and mortality of GC,
especially in China, have exhibited a severe
influence on the health of patients'®. It has con-
firmed that the decreased mortality of GC pa-
tients was correlated with early detection, which
encouraged us to identify novel and sensitive
biomarkers for early detection and the better
clinical management of GC patients'™'®. In re-
cent years, more and more studies'*?’ frequently
reported the potential of IncRNAs used as novel
biomarkers for the diagnosis and prognosis of
tumor patients due to their higher specificity,
easier accessibility in an easy manner and their
dysregulation in special cellular environment.
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Table I. Association of IncRNA SSTRS5-ASI expression with clinicopathological features of GC.

SSTR5-AS1 expression
Variables Cases (N) High Low p-value
Age (years) 0.201
<60 81 37 44
>60 77 43 34
Gender 0.772
Male 97 50 47
Female 61 30 31
Differentiation de-gree 0.133
Well/Moderately 96 44 52
Poorly 62 36 26
Lymph node me-tastasis 0.109
NO/N1 108 50 58
N2/N3 50 30 20
Distant metastasis 0.021
Yes 110 49 61
No 48 31 17
TNM stage 0.042
I+H1 101 45 56
+HvV 57 35 22

In addition, novel therapeutic targets based on
the application of IncRNAs for GC have also
received growing attention.

A large number of IncRNAs have been report-
ed*? to contribute to GC pathogenesis, such as
cellular proliferation, metastasis, and apoptosis.
Notably, IncRNA IGFL2-ASI, a highly expressed
IncRNA in GC, was shown to promote the pro-
liferation and invasion of GC cells via regulating
miR-802/ARPP19 axis®. Cui et al** group identi-
fied a prognosis-related IncRNA, IncRNA SNHG20
which was highly expressed in GC and served
as a tumor promoter via sponging miRNA-495-

3p to decrease the expression of ZFX. LncRNA
LINCO00978 was shown to be overexpressed in GC
and display its tumor-promotive role via promoting
the proliferation and metastasis of GC cells by mod-
ulating miRNA-497/NTRK3 axis*. These findings
revealed the important role of IncRNAs in GC pro-
gression. In addition, the potential of IncRNAs used
as novel diagnostic and prognostic biomarkers was
also frequently reported, such as IncRNA XIST, In-
cRNA BCYRNI, and IncRNA H19%?7, Given that
the function of many IncRNAs remained unknown,
it is necessary to identify novel IncRNAs displaying
prognostic and diagnostic values in GC patients.
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Figure 3. Kaplan-Meier assays for survival data in patients with GC divided according to SSTR5-ASI expressions. Overall
survival (A) and disease-free survival (B) of patients with low vs. high SSTR5-ASI levels are shown.
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Table IlI. Multivariate analysis of overall survival and disease-free survival in 158 patients with GC.

Overall survival Disease-free survival
Risk factors HR 95% CI P HR 95% CI P
Age 1.322 0.745-1.932 0.215 1.487 0.894-2.183 0.158
Gender 0.893 0.425-1.782 0.423 1.132 0.664-2.082 0.217
Differentiation degree 1.532 0.775-2.157 0.156 1.725 0.892-2.551 0.117
Lymph node metastasis 1.385 1.128-1.986 0.288 1.572 1.386-2.318 0.129
Distant metasta-sis 2.896 1.372-4.562 0.013 2.986 1.572-4.892 0.009
TNM stage 2.675 1.172-3.986 0.027 2.885 1.275-4.218 0.015
SSTRS5-ASI expression 2.786 1.427-4.782 0.008 2917 1.529-5.102 0.004

In this study, we performed RT-PCR and iden-
tified a novel GC-related IncRNA, SSTR5-ASI
which was distinctly highly expressed in 158 GC
specimens compared to matched normal gastric
specimens. In addition, patients with advanced
stages showed an increased expression of SSTRS5-
ASI, suggesting that its overexpression may con-
tribute to advanced clinical progression. Then,
ROC assays revealed that the use of SSTR5-AS1
had high diagnostic accuracy (AUC = 0.8419,
95% CI = 0.7462 to 0.9375) for screening GC
patients, indicating SSTR5-AS1 as a potential
diagnostic biomarker for GC patients. Moreover,
we firstly explored the clinical significance of
SSTR5-ASI1 in 158 GC patients, finding that high
expression of SSTR5-AS1 was associated with
distant metastasis and TNM stage, suggesting
that it may influence the clinical outcome of GC
patients. In support of this, we collected five-year
survival data of 158 patients with Kaplan-Meier
assays performed, disclosing that GC patients
with high SSTR5-ASI levels tend to have a dis-
tinctly shorter OS and DFS compared to patients
with low SSTRS5-ASI levels. Specially, multi-
variate analysis proved that SSTR5-ASI was an
independent prognostic marker for both OS and
DFS in GC patients.

Some limitations should be mentioned in our
study. Firstly, given the small number of patients
analyzed in this study, the potential of SSTRS-
ASI1 used as a diagnostic and prognostic biomark-
er for GC patients needed further confirmation on
the basis of studies with large sample sizes. Sec-
ondly, the diagnostic value of serum SSTR5-AS1
expression in GC patients was not conducted due
to financial constraints. The detection of serum
biomarkers was useful to monitor the therapy
response in Real-time. Thirdly, since the levels
of SSTRS5-AS1 were arbitrary in our assays, the
cut-off level of SSTR5-ASI in GC specimens for

the prediction of clinical outcome needed to be
further established. Furthermore, the functional
effects of SSTR5-AS1 and its potential mecha-
nisms were not studied in the present study.

Conclusions

We demonstrated that SSTR5-AS1 was dis-
tinctly upregulated in GC and correlated with
an unfavorable clinical outcome of GC patients.
SSTR5-AS1 may represent a novel IncRNA-based
biomarker for early screening and monitoring
progression and clinical outcome of GC.
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