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Abstract: Gastric cancer (GC) is one of the most common malignancies and ranks the second leading cause of 
cancer death worldwide. The role of long non-coding RNAs (lncRNAs) in the gastric cancer pathogenesis is largely 
unknown. The present study is aimed to identify aberrantly expressed lncRNAs involved in the progression of GC. 
33 lncRNAs showed significantly differential expression levels between gastric tumor samples and matched normal 
tissues from 5 pairs of samples using microarray assay. LncRNAs were classified into different subgroups. The 
expression levels of 4 lncRNAs: HIF1A-AS1, PVT1, CBR3-AS1 and UCA1 both in tumor and plasma were further 
confirmed in 20 gastric patients by real-time PCR assay. Then, the correlations between the tissue and plasma of 
these 4 lncRNA levels were assessed. Our data show that there was a significantly positive correlation of UCA1 ex-
pression levels between tumor tissues and plasma (r = 0.931). Furthermore, the specificity and sensitivity of PVT-1 
and UCA1 were evaluated by receiver operating characteristic (ROC) curve. The results demonstrated that plasma 
UCA1 provided the higher diagnostic performance for detection of GC (AUC = 0.928; P < 0.001) than PVT-1 (AUC = 
0.731; P < 0.01). Taken together, our study suggested that plasma UCA1 levels could be a promising candidate of 
noninvasive biomarker for GC early diagnosis.
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Introduction

Gastric cancer (GC) is one of the most common 
malignancies and ranks the second leading 
cause of cancer death worldwide with the inci-
dence of 69 in 100,000 per year in northeast 
of Asia [1, 2]. No or mild typical signs of gastric 
cancer exist until the cancer is advanced, lead-
ing to a great difficulty in early gastric cancer 
diagnosis. Despite multiple therapeutic strate-
gies to eradicate GC cell, including surgery, che-
motherapy and radiotherapy, the prognosis of 
gastric cancer is still very poor for its ability to 
metastasize to regional lymph nodes, liver, and 
the peritoneal cavity [3-5]. The average survival 
rate around the world is only about 30% of the 
patients diagnosed with gastric cancer in 
2000. However, in Japan, survival is good 
(52%), in part attributable to early detection in 
screening programs [6]. 

Therefore, tumor circulation biomarkers for gas-
tric cancer are indispensable for minimally inva-
sive diagnosis in the early stage to reduce gas-
tric cancer mortality rates. However, the cur-
rently known tumor antigens in serum, such as 
CA72-4, CEA, and CA19-9, are of little use in 
gastric cancer diagnosis [7, 8]. Thus, screening 
out other alternative tumor biomarkers would 
enable the early detection of gastric cancer. 
Recent studies of cancer genetics and epi-
genetics have revealed novel  diagnostic bio-
markers and therapeutic targets in carcinogen-
esis, such as DNA methylation, histone modifi-
cations, nucleosome positioning, and non-cod-
ing RNAs (ncRNAs) by whole-genome sequenc-
ing and whole-transcriptome sequencing analy-
ses [9, 10]. Non-coding RNAs (ncRNAs) which 
are unable to be translated into proteins are 
grouped into two major classes based on tran-
script size: small ncRNAs (< 200 nt) and long 
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non-coding RNAs (lncRNAs). Small ncRNAs 
including microRNAs, siRNAs and piRNAs are 
shown to play important roles in gastric carci-
nogenesis [11, 12]. LncRNAs are emerging as 
new players in tumorigenic with oncogenic or 
tumor suppressive roles by regulating gene 
expression at the transcriptional, post-tran-
scriptional and transcriptional levels. 

One lncRNA that has attracted significant atten-
tion is urothelial carcinoma-associated 1 
(UCA1), which is located in chromosome 
19p13.12 and contains three exons encoding 
two transcripts. One is 1.2 kb in length, another 
transcript (2.2 kb) was identified in doxorubicin-
resistant human squamous carcinoma cells 
which induces drug resistance [13]. UCA1 is 
highly expressed in bladder cancer and enhanc-
es bladder cancer cell proliferation and migra-
tion, indicating UCA1 may function as a bio-

marker for the diagnosis of bladder cancer [14]. 
However, the contributions of UCA1 to gastric 
cancer remain largely unknown. 

In the present study, we investigated the 
expression of 33 lncRNA in 5 paired gastric 
cancer samples. We further examined the rela-
tionships between 4 lncRNAs expression levels 
both in tumor tissues and plasma by real-time 
PCR assay. Furthermore, the specificity and 
sensitivity of PVT-1 and UCA1 were evaluated. 
Our study indicated that plasma UCA1 levels 
might be useful biomarkers for gastric cancer 
diagnosis.

Materials and methods

Patients’ samples

The 5 gastric cancer tissues and the 5 pair-
matched noncancerous tissues utilized in this 
study were obtained from patients at Linyi 
People Hospital, Shandong Province, China. 
None of the patients had received preoperative 
radiotherapy or chemotherapy prior to surgical 
resection. The 20 plasma samples of patients 
and pair-matched plasma samples were col-
lected at the Linyi People Hospital Hospital, 
Shandong Province, China. This study was per-
formed with the approval of Research Ethics 
Committee of Linyi People Hospital. Informed 
consent was obtained from all individual par-
ticipants included in the study. Tumor and cor-
responding non-tumor fresh specimens were 
snap-frozen in liquid nitrogen for the extraction 
of total RNA. 

RNA extraction and real-time PCR 

Total RNAs was isolated from 100 mg tissue 
using Trizol reagent (Invitrogen, Carlsbad, CA, 
USA) and stored at -80°C immediately after the 
extraction of RNA. First-strand cDNA was gen-
erated using the Reverse Transcription System 
Kit (Takara, Dalian, China). Real-time PCR was 
performed using the standard SYBR Green PCR 
kit protocol (Takara, Dalian, China). GAPDH was 
employed as an endogenous control for lncRNA. 
The primer sequences used were as follows: 
HIF1A-AS1, 5’-AATGTGTTCCTTGCTCTT-3’ (for-
ward) and 5’-GTATGTCTCAGTTATCTTCCT-3’ (re- 
verse); PVT1, 5’-CTTGAGAACTGTCCTTACG-3’ 
(forward) and 5’-CAGATGAACCAGGTGAAC-3’ 
(reverse); CBR3-AS1, 5’-CTTCTGGTTACAATGATT- 
CTC-3’ (forward) and 5’-CACTTACTGCCTACAT- 

Figure 1. Alterations in lncRNA expression profiles be-
tween gastric carcinoma tissues and non-tumorous 
tissues in lncRNA microarray. Hierarchical clustering 
analysis showed the 33 significantly dysregulated ln-
cRNAs among samples. The normalized expression 
values are represented in shades of red and blue, 
indicating expression above (blue) and below (red) 
the median expression value across the 10 samples. 
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TAGA-3’ (reverse); UCA1, 5’-TTCCTTATTATCTCT- 
TCTG-3’ (forward) and 5’-TCCATCATACGAATA- 
GTA-3’ (reverse); GAPDH, 5’-CTCGCTTTGGCAGC- 
ACA-3’ (forward) and 5’-AACGCTTCACGAAT- 
TTGCGT-3’ (reverse).

The real-time PCR reactions were performed in 
triplicate, and the mean was calculated for 
data analysis. Cycle threshold (Ct) values were 
obtained using the real-time PCR melting curve 

plot. Values for HIF1A-AS1, PVT1, CBR3-AS1, 
and UCA1 expression were normalized to their 
controls by using the 2-ΔΔCt calculation method.

Statistical analysis 

All tests and calculations were done with the 
help of SPSS software (version 17.0). Data were 
summarized as mean ± SE. Groups were com-
pared using Student’s t test and ANOVA fol-

Figure 2. HIF1A-AS1, PVT1, CRB3-AS1 and UCA1 expression levels in gastric cancer tissues and adjacent normal tis-
sues. (A) HIF1A-AS1, (B) PVT1, (C) CRB3-AS1 and (D) UCA1 expression were examined by qRT-PCR and normalized 
to GAPDH expression (Tumor, red square) compared with corresponding non-tumor tissues (Normal, blue triangle, 
*P < 0.001, n = 20). Data are expressed as the means ± SE of three independent experiments.

Table 1. Univariate and multivariate regression analyses of parameters associated with prognosis of 
GC patients
Variable Subset Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Gender Male/Female 1.174 (0.659-1.852) 0.683
Age < 60/≥ 60 1.217 (0.859-1.925) 0.437
Tumor size (cm) < 3/≥ 3 1.285 (0.908-2.136) 0.604
Histological I-II/III-IV 2.637 (1.502-4.529) 0.001 2.216 (1.314-3.604) 0.011
Lymph nodes metastasis N/P 3.239 (1.805-5.371) 0.001 2.235 (1.113-4.052) 0.001
UCA1 High/Low 2.793 (1.841-5.051) 0.001 2.017 (1.024-3.371) 0.012
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lowed by Bonferronipost hoc test. P < 0.05 was 
considered as statistically significant. Sensi- 

tivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), diagnostic 

Figure 3. The correlation analysis of lncRNAs (A) HIF1A-AS1, (B) PVT1, (C) CRB3-AS1 and (D) UCA1 (n = 20) expres-
sion between tumor tissue and plasma were performed (*P < 0.001, n = 20).

Figure 4. Potential diagnostic values of PVT1 and UCA1. The ROC curves of PVT1 (A) and UCA1 (B) predict the pres-
ence of GC in terms of sensitivity and specificity.
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accuracy, and likelihood ratio (LR) were 
assessed by ROC curve analysis.

Results 

Overview of profiles of aberrantly expressed 
lncRNAs in gastric cancer

Human LncRNA Microarray V3.0 (8 × 60 K) was 
used to analyze lncRNA expression profiles in 5 
GC tissues and paired corresponding non-
tumorous tissues. 68 diseases associated-
lncRNA were screened out by the LncRNA and 
Disease Database. Among them, fold change 
greater than 2 between tumor tissues and nor-
mal tissues was set as the criteria to further 
filter the top 33 significantly dysregulated 
lncRNAs (Figure 1). Those LncRNAs were used 
to carry on Unsupervised Hierarchical 
Clustering. The classification of differentially 
expressed lncRNAs indicated the complication 
of gastric cancer. 13 lncRNAs were up-regulat-
ed whereas 20 lncRNAs were down-regulated. 
Among these dysregulated lncRNAs, HIF1A-
AS1, PVT1, CBR3-AS1 and UCA1 which were 
reported as candidates for biomarker of some 
diseases, were further identified in our study 
(Figure 2).

UCA1 is aberrantly up-regulated both in GC 
tissues and plasma

As shown in Table 1, Univariate analysis indi-
cated that the expression level of UCA1, clinical 
stage and lymph node metastasis were corre-
lated with overall survival rate of patients with 
GC. These results demonstrated that the 
expression of UCA1 in GC patients could be 
developed as a powerful independent prognos-
tic factor. We further analyzed the expression 
of the top 2 downregulated and up-regulated 
lncRNAs in 20 GC tissues and corresponding 
nontumourous tissues by qRT-PCR. The expres-
sion of HIF1A-AS1 and PVT1 drastically 
decreased in GC tumor tissues (Figure 2A and 
2B). Conversely, the expression of CBR3-AS1 
and UCA1 increased (Figure 2C and 2D). 
Especially the expression of UCA1 in GC tissues 

was conspicuously 8 times higher than that 
observed in pair-matched adjacent nontumour-
ous tissues (P < 0.001, Figure 2D). Moreover, 
UCA1 expression also increased in plasma 
from GC patients and a positive correlation was 
noted between GC tissues and plasma (r = 
0.931, P < 0.001, Figure 3D), whereas, for 
CBR3-AS1 (r = 0.527, P < 0.001, Figure 3C), the 
correlation was not as significant as UCA1. In 
consideration of the opposite expression pat-
tern of HIF1A -AS1 and PVT1, we further ana-
lyzed their correlation between GC tissue and 
plasma, HIF1A-AS1 (r = 0.616, P < 0.001, 
Figure 3A) and PVT1 (r = 0.752, P < 0.001, 
Figure 3B) showed weak correlation between 
GC tissues and plasma. Taken together, our 
results reveal that UCA1 was aberrantly up-reg-
ulated both in GC tissues and plasma and may 
be associated with GC disease progression.

UCA1 may be used as a noninvasive biomarker 
for GC

The UCA1 and PVT1 levels detected in the can-
cer and non-cancerous tissue were construct-
ed on ROC curves. Highly expressed UCA1 level 
showed a sensitivity of 89.2% and a specificity 
of 80.3% with a diagnostic accuracy of 85.7%, 
whereas the sensitivity and specificity of PVT1 
were 59.3% and 92.1%, respectively, with a 
diagnostic accuracy of 68.9%. The area under 
the ROC curve for UCA1 was 0.928 (95% confi-
dence interval (CI) = 0.888-0.968; P < 0.001, 
Figure 4B), whereas for PVT1, it is 0.797 (95% 
CI = 0.731-0.863; P < 0.01, Figure 4A). UCA1 
was more sensitive for diagnosis of patients in 
comparison to the sensitivity by PVT1. 
Moreover, the sensitivity, specificity, accuracy 
of UCA1 and PVT1 for distinguishing GC from 
healthy controls were summarized in Table 2. 
The results indicated that the diagnostic effect 
of UCA1 for GC screening from healthy controls 
was better than PVT1.

Discussion

Human gastric cancer is the highest morbidity 
digestive system malignancy and the second 

Table 2. Performance of UCA1 in the differential diagnosis GC from healthy participants
Sensitivity Specificity Accuracy Youden index True positive True negative False positive False negative

UCA1 85.0% 96.3% 94.9% 81.3% 102 18 34 873
PVT1 70.8% 91.3% 88.9% 62.1% 85 35 79 828
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fatal human cancers worldwide especially in 
the northeast of Asia. Among the frequently 
mutated genes, cell adhesion was the most sig-
nificant biological pathway affected. Mutated 
FAT4  gene, which was a member of the cad-
herin gene family, lost the ability to  suppress 
tumor growth via Hippo signaling [15]. 
Mutations in chromatin remodeling genes 
(ARID1A, MLL3 and MLL) were also found in 
47% of GCs [16]. However, about 20,000 pro-
tein coding gene only account less than 2% the 
total genome, the rest 98% are noncoding 
RNAs (ncRNAs) which exert its function by tar-
geting coding genes. It is well investigated that 
miRNA alterations play a key role in the patho-
genesis of GC [17]. Some of the tumor-derived 
miRNAs levels in tumor tissue have a positive 
correlation with the levels in circulation. MiRNA 
may serve as clinical candidates for noninva-
sive diagnostic biomarkers. New emerging mol-
ecules lncRNAs have opened new avenue for 
the study of diverse biological processes, 
including development, cell growth and tumori-
genesis. The investigation of the role of lncRNA 
in tumors is a big challenge full of promise [18].

In the present study, the profiles of aberrantly 
expressed lncRNAs in the gastric cancer and 
pair-matched noncancerous tissues were eval-
uated. The expression levels of four lncRNAs 
were further confirmed by RT-PCR. They were 
studied in cancers or other diseases. HIF1A-
AS1 was demonstrated to be involved in the 
proliferation of different types of cells. HIF1A-
AS1 silencing enhanced the proliferation of 
Hepatic stellate cells leading to liver fibrosis 
and the proliferation of vascular smooth mus-
cle cells resulting in thoracic aortic aneurysms 
[19, 20]. The increased expression of PVT1 in a 
variety of tumors [21] shared a positive correla-
tion with the expression of oncogene MYC [22]; 
interestingly, PVT1 lied in a cancer risk locus 
that it shares with MYC [23]. PVT1 protected 
MYC from protein degradation and they cooper-
ate to promote cell proliferation in cancer [24]. 
CBR3-AS1 which was also named  PlncRNA-1 
was upregulated in the prostate cancer and 
esophageal squamous carcinoma [25]. UCA1 is 
an lncRNA that is associated with drug resis-
tance and tumor cell viability. Over-expression 
of UCA1 in bladder cancer cells resulted in cis-
platin resistance by targeting Wnt6 and signifi-
cantly increased cell growth via CREB through 
PI3-K dependent pathway [26]. Consistent with 

upregulation of UCA1 in bladder cancer tissues 
from previous reports, our results demonstrat-
ed that UCA1 is also upregulated in GC tissues 
in comparison with pair-matched noncancer-
ous tissues. UCA1 upregulation in GC tissue 
was positively correlated with the level in circu-
lation. It suggests that UCA1 is involved in the 
GC carcinogenesis and has an excellent pros-
pect to become a biomarker of GC in early 
stage. 

Further evaluation on a larger patient popula-
tion is also needed. The molecular mechanisms 
of how UCA1 works is largely unknown. Next we 
will focus on GC-related miRNAs or proteins to 
find out the direct target gene of UCA1. This will 
make beneficial effects on the understanding 
of the biological function of UCA1 and the GC 
diagnosis and treatment. 
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