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Serum long non-coding RNA signatures  
serve as novel noninvasive biomarkers  
for diagnosis and prognosis of gastric cancer
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Abstract: Gastric cancer (GC) is prevalent worldwide, and improvements in timely and effective diagnosis are imper-
atively needed. Recent advantages of cell free long non-coding RNAs (lncRNAs) open a new realm of possibilities for 
noninvasive diagnosis and prognosis of GC. The aim of this study was to identify potential lncRNA expression signa-
tures for diagnosis of patients with GC along with prognostic prediction. We performed genome-wide serum lncRNA 
analysis by Hiseq sequencing followed by evaluations in the training and validation sets with reverse transcription 
quantitative real-time PCR assays from serum samples of 230 patients with GC and 230 controls. Four lncRNAs 
(XIST, LOC100506474, UCA1 and LINC00467) were identified to be significantly dysregulated in above serum sam-
ples, and a panel was finally developed by multivariate logistic regression model with an area under the receiver 
operating characteristic curve of 0.888 on validation cohort. The corresponding AUCs of the panel for patients with 
TNM stage I, II and III were 0.784, 0.851 and 0.931, respectively, significantly higher than that of CA19-9. Kaplan-
Meier analysis showed that patients with high levels of XIST and LOC100506474 had worse recurrence-free survival 
(P=0.008 and 0.019, respectively). The multivariate Cox analysis demonstrated that XIST and LOC100506474 were 
both independently associated with tumor recurrence of GC (P=0.003 and 0.010, respectively). In conclusion, our 
study established a serum lncRNA panel with considerable clinical values in predicting and providing prognostic 
information for GC and identified XIST and LOC100506474 as potential biomarkers that can provide information on 
the recurrence risk of GC.
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Introduction

Gastric cancer is the most general malignant 
cancer in digestive system, which has high mor-
bidity and mortality; and it has been estimated 
that 360,000 individuals die of GC each year  
in China [1]. Most of the patients are diagnosed 
at the advanced stage, where tumor invasion 
and early systemic dissemination have already 
occurred, missing the optimum period for cura-
tive resection. The dismal outcome of this dis-
ease has aroused the attention to the critical 
importance of early detection. Tumor circula-
tion biomarkers for gastric cancer are indis-
pensable for minimally invasive diagnosis in  
the early stage to reduce gastric cancer mortal-
ity rates. However, the currently known tumor 
antigens in serum, such as CA72-4, CEA, and 
CA19-9, have relatively poor sensitivity in GC 
diagnosis [2, 3]. In contrast, gastroscopy exami-

nation and gastroscopy-guided biopsy for his- 
tological evaluation can offer high diagnostic 
accuracy, but it is invasive and inconvenient, 
which limits its use for general cancer screen-
ing. Thus, there is an urgent need to develop a 
new noninvasive, sensitive and cost-effective 
method to complement and improve the cur-
rent gastric cancer screening strategies.

Long noncoding RNAs (lncRNAs) are most com-
monly defined as the RNA transcripts of more 
than 200 nucleotides (nt) and located in nu- 
clear or cytosolic fractions with no protein-cod-
ing capacity [4]. Altered expression of several 
lncRNAs has recently been attributed to patho-
genesis of some malignant neoplasia, includ- 
ing gastric cancer [5, 6]. The discovery and 
study of lncRNAs is thus of major relevance to 
human biology and disease, as they represent 
an extensive, largely unexplored, and functional 
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component of the genome. Aberrant lncRNA 
expression has been detected in tissues sec-
tions and identified as promising biomarkers 
for diagnosis and prognosis in breast cancer, 
colorectal cancer, non-small cell lung cancer 
(NSCLC) and GC [7-10]. 

Predictive biomarkers are better blood-based, 
as blood is easily available and provides the 
chance to monitor cancer progression. Recent- 
ly, lncRNAs were found to be present in blood-
stream in a stable state and may reflect the 
physiological and pathological alterations of 
patients with cancer, which excited great inter-
est among researchers in investigating the pos-

sibility of using circulating lncRNAs as surro-
gate minimally invasive biomarkers. One or a 
cluster of specific marker is urgently needed  
for increasing the early detection rate and de- 
creasing the mortality rate in GC [11]. Therefore, 
it is important to identify blood markers that 
predict the initiation and progression of GC, 
which may allow for the development of early 
detection rate of GC. 

In this study, we conducted high-throughput 
Hiseq sequencing followed by reverse tran-
scription quantitative real-time PCR (RT-QPCR) 
assays to test the hypothesis that specific 
lncRNAs can be useful in improving the diag-
nostic and prognostic efficiency of gastric can-
cer. In addition, we also assessed the correla-
tion between the expression level of lncRNAs 
identified and the recurrence-free survival ra- 
te of GC patients, to explore their potential for 
prognostic prediction.

Materials and methods

Ethics statement

This study has been conducted under the 
supervision of the Clinical Research Ethics 
Committee of Qilu Hospital, Shandong Univer- 
sity. The written informed consent was obtain- 
ed from each participant prior to blood sample 
collection, and all the experiments were per-
formed in accordance with the ethical stan-
dards laid down in the 1964 Declaration of 
Helsinki and its later amendments.

Study design

To identify potential serum lncRNA biomarkers 
for GC, step-by-step discovery procedure was 
designed including three phases-initial screen-
ing phase, training phase and validation phase. 
The lncRNA candidates in each phase were 
determined based on the profiling results of 
prior phase of study. In the initial screening 
phase, serum samples pooled from six patients 
with GC and six healthy donors were subject- 
ed to Hiseq sequencing, to identify lncRNAs  
significantly differentially expressed. Candidate 
lncRNAs were then selected according to the 
result of the analysis and previous studies  
[12-18]. In the training phase, the candidate 
lncRNAs were firstly tested with RT-QPCR in an 
independent cohort of serum samples from 40 
GC patients with GC and 40 controls. Subsequ- 
ently, lncRNAs differentially expressed among 

Table 1. Characteristics of study participants in 
training set and validation set

Variables Training set 
(n=240)

Validation set 
(n=220)

Control (number) 120 110
    Gender
        Male 76 68
        Female 44 42
    Age
        ≤60 years 51 50
        >60 years 69 60
Tumor (number) 120 110
    Gender
        Male 76 68
        Female 44 42
    Age
        ≤60 years 51 50
        >60 years 69 60
    Size
        <6 cm 83 85
        ≥6 cm 37 25
    Differentiation
        Well 17 12
        Moderate 90 86
        Poor 13 12
    Local invasion
        T1-T2 36 31
        T3-T4 84 79
    Lymph node metastasis
        No 52 48
        Yes 68 62
    TNM stage
        I 27 21
        II 35 40
        III 58 49
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the two groups were further tested in 80 GC 
patients and 80 controls. These 120 GC pa- 
tients and 120 healthy donors were used to 
construct the diagnostic lncRNA panel based 
on the logistic regression model for the differ-
entiation between the GC group and the control 
group. In the validation phase, the diagnostic 
lncRNA panel constructed in the training phase 
was applied to another independent cohort  
of serum samples from 220 patients (110 GC 
patients and 110 controls) to validate its diag-
nostic performance. 

Patients and control subjects

Patients with GC were recruited from Qilu Hos- 
pital of Shandong University between 2009 
and 2014. Serum samples were collected be- 
fore any anticancer treatments such as sur-
gery, chemotherapy and radiotherapy were 
given. All GC patients were clearly diagnosed 
based on histopathology or biopsy analysis. 
Tumor stage was defined according to the tu- 
mor-node-metastasis (TNM) staging system of 
Union for International Cancer Control (UICC), 

and tumor grade was defined according to  
the WHO 2004 grading scheme. Control par- 
ticipants without history of GC were recruited 
from a large pool of individuals seeking a rou-
tine health checkup at the Healthy Physical Ex- 
amination Centre of Qilu Hospital, Shandong 
University. People who showed no evidence of 
disease were selected as tumor-free controls. 
The demographic and clinical features of par-
ticipants in training phase and validation phase 
are summarized in Table 1.

The correlation between the expression of iden-
tified lncRNAs and survival rate of GC patients 
was assessed to explore their potential as pre-
dictors for GC prognosis. Recurrence free sur-
vival (RFS) was defined as the time from inclu-
sion to recurrence or metastasis progression. 
GC patients in the validation phase were fol-
lowed up at intervals of 3 months during the 
first 2 years and 6 months up to the fifth year, 
and the date of the latest record retrieved was 
October 31, 2016. Owing to incomplete follow-
ups, 14 of all the cases were excluded from the 
cohort, and the median follow-up time was 53 
months (range, 16-69 months).

Serum preparation

Venous blood samples were collected by vena 
puncture from each participant before any 
treatment. Serum was separated via centrifu-
gation at 1,600 g for 10 min at 4°C within 2 h 
of collection, followed by a second centrifuga-
tion at 16,000 g for 10 min at 4°C to eliminate 
residual cells debris. Supernatant serum was 
then stored at -80°C till use. 

Hiseq sequencing

Serum samples pooled from six patients with 
GC and six healthy donors were subjected to 
Hiseq sequencing, to identify lncRNAs signifi-
cantly differentially expressed. Demographic 
and clinical features of the GC patients and 
controls are summarized in Table 2. Total se- 
rum RNA was extracted by one-step extraction 
using a Trizol kit (Life Technologies, USA), and 
the purity and quantity of RNA were determin- 
ed by UV spectrophotometry. cDNA library con-
struction and sequencing were performed ac- 
cording to previously described methods [19]. 
Briefly, after extraction of total RNA, ribosomal 
RNA was separated to isolate as ncRNA as pos-
sible. RNA containing poly(A) was then removed. 
RNA fragments were broken into short frag-
ments randomly. The first chain of cDNA was 

Table 2. The information of GC patients and 
healthy controls in Hiseq sequencing set [median 
(interquartile range)]

Variable GC  
(n=6)

Healthy controls 
(n=6)

Age (years) 65 (54-77) 65 (56-71)
Sex
    Male 4 (66.7%) 4 (66.7%)
    Female 2 (33.3%) 2 (33.3%)
Size
    <6 cm 3 (50.0%)
    ≥6 cm 3 (50.0%)
Differentiation
    Well 1 (16.7%)
    Moderate 4 (66.7%)
    Poor 1 (16.7%)
Local invasion
    T1-T2 2 (33.3%)
    T3-T4 4 (66.7%)
Lymph node metastasis
    Negative 3 (50.0%)
    Positive 3 (50.0%)
TNM stage
    I 1 (16.7%)
    II 2 (33.3%)
    III 3 (50.0%)
    IV 0 (0)
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Figure 1. The heat map shows expression of the 80 lncRNAs most up- or down-regulated in serum from GC patients compared with healthy controls. The top 40 
lncRNAs up- and down-regulated in GC are shown in the top and bottom halves, respectively. The heat map was generated with an R package using normalization 
across rows.
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generated using RNA fragments as templates 
and 6-bp random primers. Second chain of the 
cDNA was synthesized according to the kit’s 
instruction (TakaRa Co., Ltd., Dalian, China). 
After purification, end repair, base A and sequ- 
encing joint adding, the generated cDNA was 
fragmented using uracil-N-glycosylase (UNG). 
cDNA fragments were chosen according to  
size, then PCR amplification was performed  
to establish the complete sequencing cDNA 
library. LncRNAs were sequenced using the 
high-throughput, high-sensitivity HiSeq 2500 
sequencing platform (Illumina Company, San 
Diego, USA). Sequencing results were analyzed 
and treated using Trim Galore software to 
dynamically remove joint sequence fragments 
and low-quality segments from the 3’ end. 
FastQC software was used for quality control  
of the pretreated data.

Quantification of lncRNAs by RT-qPCR analysis

Total RNA from serum samples were extract- 
ed using TRIzol LS reagents (Invitrogen, Carls- 
bad, CA), according to the manufacturer’s pro-
tocol. The reverse transcription (RT) reactions 

tions were run on CFX96™ real-time system 
(Bio-Rad, CA, American). Each RT-qPCR experi-
ment was repeated three times. Relative ex- 
pression of genes was calculated using the 
comparative cycle threshold (Ct) (2-ΔΔCt) method 
with glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) as the endogenous control.

Statistical analysis

Kolmogorov-Smirnov test was used to deter-
mine the distribution of the samples of each 
group. Data were presented as median (inter-
quartile range). Nonparametric Mann-Whitney 
U-tests were performed to compare the differ-
ences in concentrations of serum lncRNAs be- 
tween the GC group and the control group. Re- 
ceiver operating characteristic (ROC) curves 
were established to discriminate the patients 
with GC from controls. Area under the receiver 
operating characteristic curve (AUC) was em- 
ployed as an accuracy index for evaluating  
the diagnostic performance of the selected 
lncRNA panel [20]. Kaplan-Meier method was 
utilized to estimate survival curves, and the  
log-rank test was used to make comparisons. 

Table 3. Candidate lncRNAs selected on a basis of the Hiseq 
analysis

Seqname Location Regulation 
(GC vs NC) Fold change P value

XIST ChrXq13.2 Up 49.7132126 0.00012778
LOC100506474 Chr2p24.3 Up 32.1463807 0.00100932
UCA1 Chr19p13.12 Up 21.6289351 0.00927686
LINC00467 Chr1q32.3 Down 43.8351239 0.00039420
MEG3 Chr14q32.2 Down 36.9371451 0.00084693
LOC100129917 Chr4p16.3 Down 16.1247927 0.01928476
GC: Gastric cancer; NC: Negative Control.

Table 4. Expression of 10 candidate lncRNAs in GC patients and 
healthy controls [median (interquartile range)]
LncRNA Healthy controls GC patients P value
XIST 1.37 (0.41-2.99) 2.43 (1.18-3.72) <0.01
LOC100506474 0.74 (0.45-1.93) 1.51 (0.32-2.11) <0.01
UCA1 0.66 (0.35-1.82) 1.42 (0.25-1.93) <0.01
HOTAIR 1.01 (0.30-2.53) 1.44 (0.56-3.08) 0.23
H19 0.72 (0.16-2.23) 1.39 (0.63-2.67) <0.05
LINC00467 1.58 (0.41-2.49) 0.81 (0.27-1.83) <0.01
MEG3 1.22 (0.33-2.41) 0.69 (0.36-1.84) <0.05
LOC100129917 0.89 (0.31-2.77) 0.63 (0.24-1.68) 0.09
CASC2 0.81 (0.23-1.69) 1.27 (0.46-2.95) 0.07
GAS5 1.06 (0.48-1.63) 1.10 (0.60-2.34) 0.32

were performed using a Prime 
Script™ RT Reagent Kit (Ta- 
kara, Dalian, Liaoning). After 
mixing with 1 μg of template 
RNA, 4 μL of 5 × Prime Script 
Buffer Mix, 1 μL of Prime Script 
RT Enzyme MixI, 1 μL of Oligo 
dT Primer and RNase-free 
dH2O in a final volume of 20  
μL, the reaction volumes were 
incubated at 37°C for 30 min, 
followed by 85°C for 5 s and 
4°C for 60 min. For real-time 
PCR, 2 μL of diluted gener- 
ated cDNAs was mixed with 
12.5 μL of SYBR Premix Ex 
TaqTM, 0.5 μL of DyeII, 1 μL 
forward and reverse primers 
(10 µM) and 9 μL of nuclease-
free water in a final volume of 
25 μL, according to the manu-
facturer’s instructions (Takara 
Inc, Dalian). The reactions were 
incubated at 95°C for 30 s, fol-
lowed by 45 cycles of 95°C for 
5 s and 60°C for 34 s. Melting 
curve analysis was performed 
to evaluate the specificity of 
the RT-qPCR products. All reac-
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The Cox proportional hazards regression mo- 
del was used to identify the independent prog-
nostic factors. ROC analysis was processed by 
MedCalc 15.2.2 (MedCalc, Mariakerke, Belgi- 
um) software. MATLAB software (MATLAB, R20- 
13a) was used for logistic regression analy- 
sis to establish lncRNA panel and others were 
calculated using SPSS version 19.0 software 
(SPSS, Chicago, IL). A P-value of <0.05 was con-
sidered statistically significant.

Results

Identification of candidate lncRNAs by high-
throughput Hiseq sequencing

The Hiseq sequencing with six serum samples 
pooled from GC patient and six from healthy 
donors were conducted. In total, 418 lncRNAs 
were identified with significant differential ex- 
pression (fold change ≥2.0). To identify the 
lncRNAs that were potential biomarkers, we 
concentrated on the top 40 most up- and down-
regulated lncRNAs that were differentially ex- 
pressed between GC patients and healthy do- 

nors (Figure 1). Starting from those lncRNAs 
with the greatest fold changes, we filtered 
appropriate candidate lncRNAs in descending 
order. Candidates should be plausible for pri- 
mer designing, and only those have steady ex- 
pressions in serum samples were selected. 
Finally, we chose three candidate lncRNAs from 
the up-regulated group and three from the 
down-regulated group as well (Table 3). Ano- 
ther four lncRNAs were also tested by RT-qPCR 
because they had been shown dysregulation  
in GC patients [12-18]. Thus, 10 lncRNAs were 
selected as candidates for further testing via 
RT-qPCR.

Evaluation of selected lncRNA expression by 
RT-qPCR

The expression of all 10 candidate lncRNAs 
was firstly evaluated by RT-qPCR using serum 
samples from 40 patients with GC and 40  
controls in the training phase. Among these,  
six lncRNAs (XIST, LOC100506474, UCA1, H19, 
LINC00467 and MEG3) were found significantly 
dysregulated in GC patients (Table 4). Subsequ- 

Figure 2. Concentrations of four identified serum lncRNAs in patients with GC (n=80) and control individuals (n=80) 
using RT-qPCR assay in training set (A-D), *P<0.001.
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ently, these six lncRNAs were further validated 
in an independent cohort of 160 serum sam-
ples from 80 GC patients and 80 healthy indi-
viduals. Among the six candidate lncRNAs, four 
lncRNAs were finally identified to have differen-
tial expression patterns between GC group and 
control group. Three lncRNAs (XIST, LOC1005- 
06474 and UCA1) were upregulated and one 
(LINC00467) was downregulated (Figure 2A-D). 
The corresponding AUCs of the four lncRNAs 
(XIST, LOC100506474, UCA1 and LINC00467) 
were 0.797, 0.760, 0.746 and 0.699, respec-
tively (Figure 3A-D).

Establishment of the predictive lncRNA panel

A stepwise logistic model was constructed for 
GC diagnosis using the 240 serum samples 
enrolled in the training phase. The predict- 
ed probability of being diagnosed with GC  
from the model based on the 4-lncRNA panel 
was calculated using the equation as follows: 
Logit(P)=-1.0396-0.7424 × XIST - 0.5625 × 
LOC100506474 - 0.6297 × UCA1 + 0.3954 × 
LINC00467. ROC analysis was used to evalu- 
ate the diagnostic performance of the estab-

93.8)] were correctly identified resulting in an 
AUC of 0.888 (95% CI, 0.828 to 0.932, Figure 
4B), which was significantly better than that  
of CA19-9 (AUC: 0.704, 95% CI=0.621-0.778, 
sensitivity =74.29% and specificity =58.57%, 
P<0.001, Figure 4C). 

Furthermore, we then compared the diagnos- 
tic performance of this 4-lncRNA panel with 
CA19-9, in discriminating GC patients from  
control individuals at different TNM stages on 
validation set. The AUCs of the 4-lncRNA panel 
for patients with TNM stage I, II and III were 
0.784, 0.851 and 0.931, respectively (Figure 
4D-F), and were all higher than those of CA19-
9, which were 0.614, 0674 and 0.823, respec-
tively (Figure 4G-I).

Correlation between the four lncRNAs and 
clinicopathological characteristics

The data summarized in Table 5 show the re- 
lationship between the four lncRNAs and the 
clinicopathological characteristics of the pa- 
tients with GC in the validation set. Higher lev-
els of serum XIST, LOC100506474, UCA1 and 

Figure 3. ROC curve analysis for the detection of GC using XIST (A), 
LOC100506474 (B), UCA1 (C) and LINC00467 (D) in patients with GC (n=80) 
and control individuals (n=80) in training set.

lished lncRNA panel. The AUC 
for the 4-lncRNA panel was 
0.886 (95% confidence in- 
terval [CI]=0.827-0.931) and 
the optimal cut-off value was 
-2.84, providing a sensitivity 
of 83.95% and a specificity  
of 81.01% (Figure 4A). 

Validation of the lncRNA 
panel

The parameters estimated 
from the training set were 
used in a blind fashion to pre-
dict the probability of being 
diagnosed with GC for the 
independent validation data 
set. Using the classification 
threshold score of <-2.84 
derived above, 125 samples 
were identified as GC pa- 
tients and 95 samples were 
identified as healthy indivi- 
duals. After unblinding 81  
of the 110 healthy controls 
[specificity, 73.64% (95% CI, 
62.7 to 83.0)] and 96 of  
the 110 GC patients [sensi- 
tivity, 87.27% (95% CI, 78.2 to 
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lower levels of LINC00467 significantly corre-
lated with advanced TNM stage (all at P<0.05) 
and lymph node metastasis (all at P<0.01). 
Higher levels of UCA1 correlated with poorer 
tumor differentiation (P<0.05). However, no sig-
nificant associations were found between the 
four lncRNAs with age, gender, tumor location, 
size or local invasion (all at P≥0.05).  

Correlation between lncRNAs expression levels 
and patient recurrence 

Survival analysis has been finally carried on  
96 patients on validation set since 14 patients 

were lost to follow up. Kaplan-Meier survival 
analysis revealed that GC patients with high 
XIST and LOC100506474 expression levels 
showed significantly reduced RFS than those 
with low XIST and LOC100506474 levels (P= 
0.008 and P=0.019, respectively) (Figure 5). 
Univariate Cox proportional hazards regress- 
ion model analysis revealed that RFS was sig-
nificantly correlated with XIST level (P<0.001), 
LOC100506474 level (P=0.009), tumor stage 
(P=0.010) and lymph node status (P=0.037). 
Parameters significantly related to RFS in the 
univariate analysis were put into the multivari-
ate analysis to identify independent factors for 

Figure 4. (A, B) ROC curves for the detection of GC using 4-lncRNA panel in training set (A) and validation set (B); 
(C) ROC curve analysis using CA19-9 for the detection of GC in validation set; (D-F) ROC curves using the 4-lncRNA 
panel for the detection of GC patients with TNM stage I (D), II (E) and III (F) in validation set; (G-I) ROC curve analysis 
using CA19-9 for the detection of GC stage I (G), II (H) and III (I) in validation set.
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prognoses. The results showed that XIST level 
(P=0.003), LOC100506474 level (P=0.010) 
and tumor stage (P=0.008) maintained their 
significance as independent prognostic factors 
for RFS of GC (Table 6).

Discussion

LncRNAs represent a novel class of gene regu-
lators in cancer [21, 22]. They are involved in  
a variety of tumorigenesis process such as cell 

Table 5. Correlation between serum lncRNA concentrations and clinicopathological characteristics of 
patients with GC in validation set [median (interquartile range)]

Parameters Total 
cases

XIST  
expression P LOC100506474 

expression P UCA1  
expression P LINC00467 

expression P

Sex 0.77 0.43 0.96 0.49

    Male 64 1.75 (1.23-1.90) 1.49 (1.01-1.70) 1.34 (1.16-1.89) 0.83 (0.59-1.28)

    Female 46 1.73 (1.33-1.86) 1.25 (1.05-1.32) 1.36 (1.26-1.89) 0.79 (0.51-1.11)

Age 0.57 0.20 0.51 0.38

    ≤60 years 55 1.77 (1.23-1.90) 1.49 (1.03-1.70) 1.44 (1.05-1.90) 0.75 (0.64-1.32)

    >60 years 55 1.71 (1.22-1.82) 1.36 (1.05-1.31) 1.34 (1.14-1.88) 0.81 (0.59-1.44)

Tumor size 0.28 0.96 0.37 0.13

    <6 cm 72 1.73 (1.22-1.87) 1.38 (1.01-1.62) 1.34 (1.04-1.90) 0.73 (0.58-1.14)

    ≥6 cm 38 1.76 (1.24-1.96) 1.39 (1.06-1.66) 1.47 (1.03-1.87) 0.80 (0.62-1.09)

Differentiation 0.61 0.75 <0.05 0.07

    Poor 21 1.75 (143-1.84) 1.42 (1.02-1.74) 1.67 (1.18-2.04) 0.76 (0.55-1.19)

    Moderate 77 1.74 (1.33-1.87) 1.37 (1.05-1.71) 1.34 (1.03-1.87) 0.70 (0.62-0.92)

    Well 12 1.63 (1.22-1.93) 1.39 (0.92-1.78) 1.43 (1.17-1.99) 0.84 (0.60-1.08)

Local invasion 0.65 0.87 0.09 0.09

    T1-T2 44 1.75 (1.36-1.90) 1.41 (0.97-1.77) 1.54 (1.03-1.96) 0.87 (0.62-1.10)

    T3-T4 66 1.74 (1.43-1.96) 1.40 (1.09-1.86) 1.41 (1.04-0.88) 0.80 (0.59-0.99)

Lymph node metastasis <0.01 <0.01 <0.01 <0.01

    No 62 1.57 (1.51-1.85) 1.19 (0.90-1.65) 1.22 (1.08-1.94) 0.84 (0.68-1.24)

    Yes 48 1.94 (1.64-2.26) 1.56 (1.13-2.13) 1.83 (1.21-2.25) 0.63 (0.53-0.83)

TNM stage <0.01 <0.01 0.02 <0.01

    I 16 1.57 (1.31-1.75) 1.06 (0.50-1.47) 1.34 (1.06-1.99) 0.88 (0.69-1.26)

    II 41 1.82 (1.68-1.97) 1.35 (0.91-1.60) 1.29 (1.09-1.91) 0.81 (0.67-1.17)

    III 53 1.87 (1.70-1.98) 1.78 (1.13-1.94) 1.52 (1.26-2.13) 0.74 (0.53-0.93)

Figure 5. Kaplan-Meier curves for recurrence-free survival rate according to the serum levels of XIST (A) and 
LOC100506474 (B) in patients with GC in validation set.
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proliferation [23], invasion [24] and apoptosis 
[25] by acting as tumor suppressors or onco-
genes. The aberrant expressions of specific 
lncRNAs in cancer can mark the spectrum of 
disease progression and may serve as inde-
pendent biomarkers for diagnosis and progno-
sis [26]. In GC, identification of noninvasive and 
invasive phenotypes is vital to rational clinical 
management [27]. Previously, Ren et al identi-
fied a panel of lncRNAs from GC tissues that 
seemed promising in predicting GC [28]. Yet, 
little was known about noninvasive lncRNA bio-
markers that can effectively accomplish this 
task. 

In our study, Hiseq sequencing was firstly em- 
ployed to provide basic information of lncRNAs 
significantly dysregulated in serum samples of 
GC patients. Candidate lncRNAs were select- 
ed, compiled the Hiseq sequencing result and 
previous studies, and then evaluated by RT- 
qPCR in serum samples to validate their consis-
tent pattern of dysregulation in these clinical 
materials. Four lncRNAs (XIST, LOC100506474, 
UCA1 and LINC00467), which showed consid-
erable discriminating potential to identify GC 
patients from control with high AUC values, 
were finally identified. Using the multivariate 
logistic regression model, we established a 
panel of four lncRNAs that can diagnose GC 
patients with higher accuracy in comparison 
with traditional diagnostic biomarker like CA- 
19-9. In addition, we also identified LOC100- 
506474 and UCA1 as independent factors  
for GC patient recurrence. Thus, a serum four-
lncRNA panel was finally identified in our study, 

which can serve as noninvasive biomarkers for 
diagnosis and prognosis of GC.

It is widely accepted that the effective ways to 
improve the diagnosis and the prognosis of 
cancer patients are early detection and early 
treatment [29]. Despite the advances in diag-
nostic method, such as fecal occult blood test-
ing and stool DNA test, early diagnosis for GC 
still remains difficult and the overall survival 
rate of GC patients has not changed dramati-
cally [30]. Therefore, it is very important to se- 
arch for cell-free markers to improve GC man-
agement. Utilizing lncRNA expression level in 
peripheral blood to diagnose tumors early is 
effective and deserves to be explored further 
because lncRNA is very stable in blood plasma 
and serum. The previous studies on searching 
for serum lncRNA based cancer biomarkers 
generally focused on individual cancer-specific 
lncRNAs [31, 32]. However, a single lncRNA 
may not be a reliable tumor biomarker because 
of the complex pathogenesis during the initia-
tion and development of a severe malignancy. 
Simultaneous assessment of a panel of tumor-
specific lncRNAs in serum may improve the 
sensitivity and specificity for cancer diagnosis 
and prognosis [33]. In our study, we screen- 
ed the whole lncRNA profile in both GC and  
control serum samples via Hiseq sequencing, 
which enabled us to have better chance to 
identify potential diagnostic biomarkers. Hiseq 
sequencing is a high-throughput assay to ini-
tially screen lncRNAs and could exclude possi-
ble contamination by other small RNA and DNA 
fragments. However, the Hiseq results from 

Table 6. Univariate and multivariate Cox proportional hazards regression model analysis of factors for 
RFS in patients with GC in validation cohort

Characteristics
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
Gender 1.023 0.617-2.012 0.417
Age 1.492 0.709-2.716 0.215
Tumor size 1.405 0.551-2.538 0.369
Differentiation 1.848 1.036-3.297 0.092
Lymphnode metastasis 2.264 1.146-3.683 0.037 2.185 1.007-3.875 0.059
Local Invasion 1.683 0.892-2.883 0.178
TNM stage 2.538 1.432-3.875 0.010 2.568 1.243-5.102 0.008
XIST level 1.694 0.521-2.686 <0.001 1.590 0.424-2.598 0.003
LOC100506474 level 1.337 0.382-1.937 0.009 1.342 0.401-1.993 0.010
UCA1 level 1.412 0.293-1.885 0.066
LINC00467 level 0.683 0.112-1.308 0.239
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pooled serum samples might include inaccu-
rate information owing to the individual varia-
tion. For this reason, candidate lncRNAs reve- 
aled by Hiseq sequencing were evaluated by 
two phases of RT-qPCR assays using a large 
number of individual samples. Finally, a four-
lncRNA panel from the logistic model was iden-
tified for the predicting of GC. The high diagnos-
tic accuracy in the training and validation set 
indicated that the expression profile of the four 
lncRNAs could serve as an accurate biomarker 
for the detection of GC. In addition, we perform- 
ed a direct comparison of our results with tradi-
tional marker CA19-9 in the same cohort. Our 
data clearly demonstrated that the panel can 
more effectively discriminate the patients with 
GC from controls with better sensitivity than 
CA19-9, especially in early stage tumors. Based 
on these findings, the serum lncRNA panel pro-
vides a much more sensitive detection of GC. 
Furthermore, technically speaking, serum test 
is more convenient and noninvasive, and thus 
being an ideal for the investigation of a panel 
containing a small number of lncRNAs. 

Functional studies of lncRNAs in tumor tissue 
may be helpful for evaluating serum lncRNAs as 
biomarkers for various types of cancer. Among 
four lncRNAs revealed in this study, some are 
reported to be involved in genesis and develop-
ment of GC. Ma et al demonstrated that XIST 
promotes cell growth and invasion through reg-
ulating miR-497/MACC1 axis in gastric cancer 
[34]. Chen et al also found that XIST is up-regu-
lated and is associated with aggressive tumor 
phenotypes and patient survival in gastric can-
cer by acting as a molecular sponge of miR-101 
to modulate EZH2 expression [35]. Our date 
indicates that XIST is upregulated and serve as 
a oncogene in GC patients, which is consistent 
with the previous research. The UCA1 lncRNA 
has been widely reported to be involved in tu- 
morigenesis of GC. Shang et al showed that 
silence of UCA1 inhibits malignant proliferation 
and chemotherapy resistance to adriamycin  
in gastric cancer [36]. In study by Gao et al, it 
was demonstrated that UCA1 may be a novel 
diagnostic and predictive biomarker in plasma 
for early gastric cancer [37]. There have been 
no functional studies about the role of LINC- 
00467 in development of GC, but LINC00467 
has been found to be downregulated by N-Myc 
and promote cell survival in neuroblastoma 
[38]. Expression level of LOC100506474 was 
firstly reported in our study.

Considering one of the most urgent needs of 
clinicians, to find adequate predictive biomark-
er that could discriminate GC patients with high 
risk and poor prognosis, we investigated the 
role of these four-lncRNA panel as prognostic 
biomarkers. GC patients with high LOC10050- 
6474 and UCA1 expression levels showed sig-
nificantly reduced RFS than those with low 
LOC100506474 and UCA1 levels. The Cox pro-
portional hazards regression model analysis 
showed that serum expression level of LOC- 
100506474 and UCA1 was independent fac-
tors for recurrence-free survival rate of GC pa- 
tients, suggesting that they may be employed 
as biomarkers for GC prognosis. 

There are limitations in our manuscript. First, 
origin of circulating lncRNAs was not fully un- 
derstood. Some investigators suggested se- 
rum lncRNA profiles was not simply a default 
product of circulating blood cells but might 
derive from tissues affected by diseases such 
as cancer [39]. More focus on release mecha-
nisms of identified lncRNAs in tumorigenesis 
and progression of GC may be a valuable ave-
nue for increasing diagnostic specificity. More- 
over, although we have constructed a promis-
ing four-lncRNA panel for GC detection in se- 
rum, it is uncertain if this panel is only specific 
for GC. Thus, additional studies will be requir- 
ed to further examine the expression changes 
of these four lncRNAs in other tumors. Finally, 
confirmation of our findings in a multicenter 
trial of larger independent samples is the ob- 
jective of ongoing work.

In conclusion, we have defined a distinctive 
serum lncRNA signature for the detection of  
GC and identified LOC100506474 and UCA1  
as an independent predictor of GC recurren- 
ce. Although further multicenter studies are 
needed to confirm the results of our study,  
our findings may provide a foundation for de- 
velopment of a novel noninvasive test to pre-
dict GC and determination of innovative thera-
peutic strategies. 
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