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Abstract. Gastric cancer (GC) is a type of cancer that is
commonly diagnosed worldwide due to a lack of early diag-
nostic, prognostic and therapeutic targets for this disease. The
aim of the present study was to examine the expression levels of
five long non-coding RNAs, namely PTPRG antisense RNA 1
(PTPRG-ASI),forkheadbox P4 antisense RNA 1 (FOXP4-AS1),
bladder cancer-associated transcript 2 (BLACAT?2), ZXF2
and upregulated in colorectal cancer (UCC), to study their
associations with patient characteristics and assess their prog-
nostic efficacy, in order to determine the possibility of their
application as GC biomarkers. The expression levels of long
non-coding RNAs (IncRNAs) were determined by reverse
transcription-quantitative PCR analysis of 61 pairs of GC
tissues and adjacent healthy gastric mucosa tissues and GC
cell lines. The Chi-square test was conducted to assess the
associations of IncRNA expression levels with clinical charac-
teristics of patients. The effect of UCC on GC cell proliferation
was determined using in vitro functional experiments. The
prognostic efficacy of FOXP4-AS1, BLACAT2 and UCC
were examined in the Gene Expression Profiling Interactive
Analysis database and those of PTPRG-AS1 were examined in
the Kaplan Meier Plot database. Gene alteration frequencies of
PTPRG-ASI and BLACAT?2 in GC were identified using the
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cBioPortal for Cancer Genomics. PTPRG-AS1, FOXP4-AS1,
BLACAT2, ZXF2 and UCC were found to be upregulated in
GC cell lines and GC tissues compared with adjacent normal
tissues. PTPRG-ASI and ZXF2 expression levels were associ-
ated with the expression status of the cell proliferation marker
Ki67. UCC promoted the proliferation of GC cells in vitro and
was associated with lymph node metastasis. Increased expres-
sion of FOXP4-AS] indicated a favorable outcome in terms of
disease-free survival, whereas high expression of PTPRG-AS1
was associated with poor survival rates for patients in different
GC risk groups. BLACAT?2 gene mutation was associated with
poor disease-free survival outcome for patients with GC. The
results suggest that PTPRG-AS1, FOXP4-AS1, BLACAT?2,
ZXF2 and UCC are potential biomarkers for the detection of
GC at the molecular level and may be used as potential targets
for GC therapy. The individual roles of these IncRNAs may be
utilized for prognostic predictions.

Introduction

Gastric cancer (GC), or stomach adenocarcinoma, was the
most common malignancy of the gastrointestinal system,
according to statistics in 2017 (1). It was the second leading
cause of cancer-associated mortalities worldwide in 2018 and
is a regularly diagnosed form of cancer (2). The GC cases
in China in 2017 represented approximately 42% of all cases
worldwide (3). This may be due to the highly documented
incidence of Helicobacter pylori infection among the Chinese
population (1,3). Throughout the years, several attempts have
been made to identify methods for ameliorating GC-associated
mortality. Efforts have been directed towards the discovery
of sensitive diagnostic biomarkers and specific prognostic
markers and therapeutic targets. Nevertheless, minimal
progress has been made, as GC remains a major global health
burden with a median survival of only 3-5 months (4). Thus,
enhanced comprehension of the molecular and genetic changes
that accompany gastric tumorigenesis is essential. Also impor-
tant is the identification of oncogenes that promote gastric
tumor growth. These oncogenes may serve as biomarkers for
GC progression and as molecular therapeutic targets.
Genomic studies have revealed that approximately 90% of
the human genome is actively transcribed (5). Only ~2% is



2432

transcribed into protein-coding genes, whereas the remainder
is transcribed into non-protein-coding genes (6). Non-coding
RNAs consist of microRNAs (miRNAs/miRs), small inter-
fering RNAs (siRNAs) and long non-coding RNAs (IncRNAs).
IncRNAs are RNA transcripts over 200 nucleotides in length.
Their expression is highly cell- and tissue-specific (7). They
affect various processes of protein, DNA and RNA interac-
tions, thereby regulating their expression and functions.
Consequently, IncRNAs are capable of potently altering the
proliferative, invasive and metastatic potential of malignant
cells (8). They have been implicated in various types of cancer,
such as colorectal, non-small cell lung, non-muscle invasive
bladder, breast and prostate cancers (9-13), although their
functional mechanisms are largely underexplored. Recently,
certain studies have focused on the analyses of IncRNA
expression patterns and their associations with clinical and
demographic characteristics of patients. Of note, several
IncRNAs have been associated with tumor growth, metastasis
and patient clinical outcomes (1,14,15).

IncRNAs drive several oncogenic processes (16,17). Findings
have demonstrated that the expression of IncRNAs is dysregu-
lated between tumor and adjacent normal tissues (18,19), and
between cancer patients and healthy subjects (20,21). IncRNAs
are increasingly gaining attention as potential biomarkers and
therapeutic targets for various kinds of malignancies (22).
Specific GC biomarkers are currently limited. Although
advancements have been made and anumber of treatment options
are available, the survival rates of patients with GC have not
been markedly improved. For instance, trastuzumab, a human
epidermal growth factor receptor 2 (HER2) antibody, has been
recommended as the first-line regimen for advanced GC treat-
ment (16). However, only HER2* patients, which correspond to
12-20% of GC cases, may benefit from this regimen (22). Further
understanding of the molecular mechanisms and exploration
of corresponding GC biomarkers could contribute to the early
detection and optimal prediction of prognosis. Identification of
GC-associated IncRNAs could lead to the development of novel
markers and effective therapeutic targets for patients with GC.

The IncRNA PTPRG antisense RNA 1 (PTPRG-ASI)
is the antisense of protein tyrosine phosphatase receptor
type G (PTPRG), a tumor suppressor gene. High expression
of PTPRG-ASI has been linked to poor clinical outcomes for
lung cancer patients (23). In breast cancer, high expression of
this IncRNA has been suggested to downregulate the expres-
sion of PTPRG (24), thereby enhancing disease progression.

Forkhead box P4 antisense RNA 1 (FOXP4-AS]I) is an
IncRNA associated with colorectal cancer (25). It is significantly
upregulated in colorectal cancer tissues, promotes cell prolifera-
tion and inhibits apoptosis both in vitro and in vivo (25).

The IncRNA LINCO00958, also termed bladder cancer-asso-
ciated transcript 2 (BLACAT?2), has been found to be markedly
upregulated in lymph node-metastatic bladder cancer and
was associated with lymph node metastasis (LNM) (26). It is
implicated in bladder cancer-associated lymphangiogenesis
and lymphatic metastasis. Patients with bladder cancer and
high BLACAT?2 expression have been shown to have shorter
overall and metastasis-free survival (26).

IncRNA ZXF2 is highly expressed in lung adenocar-
cinoma (27). It is believed that ZXF2 enhances lung cancer
progression via the c-myc/e-cadherin pathway. Suppression of
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ZXF2 inhibits c-myc, a potent proto-oncogene, and enhances
the expression of e-cadherin, a tumor suppressor gene. In
addition, ZXF2 is located adjacent to c-myc in chromosome
locus 8q24.2, which is a hotspot for multiple types of human
cancer. Interaction of ZXF2 and c-myc results in cell cycle
progression, proliferation, migration and invasion of tumor
cells. Upregulation of ZXF2 was also associated with lymph
node metastasis and poor prognosis (27).

Huang et al (15) demonstrated that the long intergenic
non-coding RNA ENST00000602992 (CTD-2227EI11.1), an
oncogenic IncRNA also known as upregulated in colorectal
cancer (UCC), promotes the progression of colorectal cancer
by upregulating KRAS and acting as a sponge for miR-143.
Furthermore, it was shown that suppression of UCC in
colorectal cancer cells inhibited proliferation and invasion, and
induced apoptosis. A positive association was also observed
between UCC expression, LNM and overall survival (OS) of
patients with colorectal cancer.

Thus far, limited data exist on the expression profiles, func-
tions and prognostic efficacy of PTPRG-AS1, FOXP4-AS1,
BLACAT2, ZXF2 and UCC in GC. The present study aimed
to examine their expression profiles in GC tissues and cell
lines and to determine their functions and clinical signifi-
cance in GC. It was found that IncRNAs PTPRG-AS1, ZXF2,
FOXP4-AS1, BLACAT?2 and UCC are upregulated in GC
tissues and cell lines. Also reported in the present study are
the functions, clinical significance and potential for applica-
tion of the aforementioned IncRNAs as diagnostic, prognostic
and therapeutic markers in GC.

Materials and methods

Study design. Based on previous studies, nine IncRNAs aber-
rantly expressed in other adenocarcinomas, namely UCC,
FOXP4-AS1, SCAL1, ANRASSFI1, PTPRG-AS1, ZXF2,
SChLAP1, BLACAT?2 and SBF2-AS1 (5,13,15,23,25-29), were
selected as potential candidates in the present study. This
selection was based on the fact that many types of cancer,
though substantially different, share common gene expression
signatures. In the screening stage, the expression levels of the
nine IncRNAs were examined in GC tissues and five upregu-
lated IncRNAs became the focus of subsequent studies.

Patients and specimens. The current study was approved
through the Clinical Research Ethics Committee of the
Second Hospital of Shandong University. Written informed
consent was obtained from all participants. In total, 61 pairs
of GC tissues and adjacent normal tissues (ANTs) collected
at the Second Hospital of Shandong University were used in
the present study. All patients were confirmed to have GC via
histopathological evaluation. None of the included patients
had received pre-operative chemotherapy or radiotherapy.
The obtained samples were immediately snap-frozen in liquid
nitrogen and then stored at -80°C until further use for total
RNA extraction.

Cell culture. The non-tumorigenic human gastric epithelial cell
line GES-1 and four GC cell lines, namely MKN-45 (indicated
not to have a TP53 mutation), NCI-N87, AGS and HGC-27,
which were purchased from the American Type Culture
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Collection and maintained in liquid nitrogen or at -80°C in the
laboratory, were used in the present study. All the cells were
cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher
Scientific, Inc.). All culture media were supplemented with
10% FBS (Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 100 pg/ml streptomycin. The cells were plated
and incubated in 5% CO, at 37°C and 95% humidity.

Total RNA extraction andreverse transcription-quantitative
PCR (RT-qPCR). Total RNA was extracted from the tissue
samples using TRIzol reagent (Thermo Fisher Scientific,
Inc.) and from the cell lines using the miRNeasy Mini Kit
(Qiagen N.V.), according to the manufacturers' protocol.
The quantity and quality of extracted RNA were deter-
mined by a NanoDrop spectrophotometer (Thermo Fisher
Scientific, Inc.). For RT-qPCR, 1 ug of RNA was reverse
transcribed to cDNA using a Takara reverse transcription kit
(Takara Biotechnology Co., Ltd.). RT-qPCR analyses were
conducted on a CFX-96 real-time PCR System (Bio-Rad
Laboratories, Inc.) using SYBR Premix Ex TaqTM (Takara
Biotechnology Co., Ltd.). The temperature protocol was as
follows: 37°C for 15 min, followed by 85°C for 5 sec. The
thermocycling conditions were as follows: 95°C for 30 sec,
followed by 40 cycles of 95°C for 5 sec, 60°C for 30 sec and
72°C for 30 sec, followed by a final step of 72°C for 2 min.
The primer sequences used for target amplification are
listed in Table SI. Data were normalized to GAPDH expres-
sion. Relative expression levels were determined using the
comparative 224 method (30).

UCC siRNA transfection. Three siRNA sequences specifi-
cally targeted against UCC and si-NC, a scramble siRNA
used as negative control, were synthesized from Shanghai
GenePharma Co., Ltd. The AGS cells were transfected with
the siRNA oligonucleotides at a concentration of 20 yM using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturers' protocol. The
nucleotide sequences of the siRNAs are listed in Table SI. The
cells were harvested for further study 24 h after transfection.
The efficiency of siRNA-mediated knockdown was deter-
mined using RT-qPCR by comparing the expression of UCC
in siRNA-treated cells with that in si-NC-treated cells.

Cell proliferation assay. To determine the effect of UCC on
cell proliferation, a cell proliferation assay was performed
using Cell Counting kit-8 (CCKS8) according to the manu-
facturer's protocol. AGS cells transfected with si-UCC were
seeded into 96-well plates at a density of 3x10* cells/well and
incubated for 24, 48 and 72 h, respectively. si-NC treatment
was used as the negative control. The effect of UCC on cell
proliferation was determined using CCK-8 (Wuhan Boster
Biological Technology, Ltd.) as follows: At the end of each 24,
48 or 72 h incubation, 10 ul of CCK-8 solution was added to
each well. After 4 h, the number of viable cells was determined
by measuring the absorbance of water-soluble formazan at
465 nm using a FlexStation 3 plate reader (Molecular Devices,
LLC). The experiments were performed in six replicates.

Colony formation assay. Transfected AGS cells were seeded
in 6-well plates at a density of 1x10%well and incubated at
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37°C and 5% CO, for 14 days. Subsequently, colonies were
stained with 10% Giemsa, visualized under a light microscope
(Olympus Corporation) at x100 magnification and then physi-
cally quantified. The experiments were performed in duplicate.

Survivalanalysis.SurvivalanalysesforFOXP4-AS1,BLACAT2
and UCC were conducted using Gene Expression Profiling
Interactive Analysis (GEPIA; http://gepia.cancer-pku.cn),
an online tool (31). A dataset from an independent cohort
(Affymetrix ID: 232242 _at) was utilized for the evaluation
of PTPRG-ASI expression as a prognostic factor of GC. The
results from the survival analyses of 631 GC tissue samples
from The Cancer Genome Atlas (http://cancer.gov/tcga) are
available at the Kaplan Meier Plot database (http://kmplot.
com) (32-34). Gene alteration frequencies of PTPRG-AS1 and
BLACAT?2 mRNA in GC were assessed using cBioPortal for
Cancer Genomics (http://www.cbioportal.org) (35).

Statistical analysis. Statistical analyses were performed using
SPSS software (version 22.0; IBM Corp.) and GraphPad
Prism (GraphPad Software, Inc.). Data were presented as the
mean + standard deviation. Differences between experimental
groups were assessed by the Student's t-test. Associations
between IncRNA expression and clinical characteristics were
analyzed using the simple Chi-square test. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

PTPRG-ASI, FOXP4-AS1, BLACAT2, ZXF2 and UCC are
upregulated in GC tissues and cell lines. To determine the rela-
tive expression of the IncRNAs in GC, their expression levels
were examined in GC cell lines and GC tissues in comparison
with ANTs. Fig. 1 shows the relative expression and mean-fold
changes of PTPRG-AS1 (P=0.001; Fig. 1A), FOXP4-AS1
(P<0.001; Fig. 1B), BLACAT?2 (P<0.001; Fig. 1C), ZXF2
(P=0.102, Fig. 1D) and UCC (P=0.012; Fig. 1E) in 61 pairs of
GCtissues and ANTs. All five IncRNAs were upregulated in GC
tissues compared with their corresponding ANTs. Apart from
ZXF2, relative expression levels of the IncRNAs in GC tissues
were significant compared with those observed in ANTs. The
expression levels of the five IncRNAs were verified in four GC
cell lines, specifically MKN-45, NCI-N87, AGS and HGC-27,
relative to the non-tumorigenic human gastric epithelial cell
line, GES-1. All five IncRNAs were highly expressed in GC
cell lines. Elevated PTPRG-ASI expression was observed in
two cell lines, MKN-45 and NCI-N87. FOXP4-AS1 was highly
expressed in three cell lines, AGS, NCI-N87 and MKN-45.
BLACAT?2 and ZXF2 were upregulated in all four cell lines
and UCC was upregulated in AGS, NCI-N87 and HGC-27
compared with the GES-1 cell line (Fig. 2A-E). These results
demonstrate that PTPRG-AS1, FOXP4-AS1, BLACAT?2,ZXF2
and UCC are upregulated in GC tissues and cell lines.

PTPRG-ASI, FOXP4-AS1, BLACAT2, ZXF2 and UCC are
associated with the clinical characteristics of patients with
GC. In order to study the roles of these IncRNAs in GC, the
associations between overexpression and the clinical char-
acteristics of patients were evaluated. Table I summarizes
the associations between IncRNA expression levels and
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Figure 1. PTPRG-AS1, FOXP4-AS1, BLACAT2, ZXF2 and UCC were upregulated in GC tissues. Reverse transcription-quantitative PCR results demon-
strated that the levels of (A) PTPRG-ASI, (B) FOXP4-AS1, (C) BLACAT?2, (D) ZXF2, and (E) UCC in 61 pairs of GC tissues were higher than those in ANTSs.
Error bars represent the mean + SD. GC, gastric cancer, ANT, adjacent normal tissues; PTPRG-AS1, PTPRG antisense RNA 1; FOXP4-ASl, forkhead box P4
antisense RNA 1; BLACAT?2, bladder cancer-associated transcript 2; UCC, upregulated in colorectal cancer.
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Figure 3. Associations of long non-coding RNA expression levels with the clinical characteristics of patients with GC. (A) PTPRG-ASI expression in the
Ki67-positive group (n=41) and the Ki67-negative group (n=20). (B) ZXF2 expression was significantly higher in the Ki67-positive group. (C) ZXF2 expres-
sion was higher in patients with smaller tumor sizes (<6 cm). (D) FOXP4-AS1 expression was significantly higher in females than males. (E) BLACAT?2;
and (F) UCC expressions were significantly higher in males than females. (G) UCC expression was significantly elevated in the LNM-positive group than
in the LNM-negative group. Error bars represent the mean + SD. PTPRG-AS1, PTPRG antisense RNA 1; FOXP4-AS1, forkhead box P4 antisense RNA 1;
BLACAT?2, bladder cancer-associated transcript 2; UCC, upregulated in colorectal cancer; LNM, lymph node metastasis.

the clinical characteristics of patients. The characteristics
that were studied include: i) Sex; ii) age; iii) lymph node
metastasis status; iv) tumor grade; v) tumor size; vi) Ki67
expression status; and vii) Ki67 percentage of expression.
PTPRG-ASI expression was associated with the cell prolifera-
tion marker Ki67 (P=0.023; Fig. 3A). Similarly, patients in the
Ki67-positive group (n=41) were shown to have significantly
higher ZXF2 expression than patients in the Ki67-negative
group (n=20) (P=0.013; Fig. 3B). Both PTPRG-AS1 and ZXF2
expression levels increased with increase in the percentage of
Ki67 expression. Patients with Ki67 expression levels =50%
(n=24) had higher PTPRG-ASI and ZXF2 expression than
those with Ki67 expression levels <50% (n=37). A relation-
ship between ZXF2 expression and tumor size was also
found. Patients with tumors <6 cm (n=36) had increased
ZXF2 expression compared with patients with tumors
=6 cm (n=25). However, this was not statistically significant

(P=0.054; Fig. 3C). In addition, differential expression levels
of FOXP4-AS1, BLACAT?2 and UCC were observed between
males and females. FOXP4-AS1 was significantly increased
in females (n=9) compared with males (n=42) (P=0.043;
Fig. 3D). BLACAT?2 expression was significantly higher
in males (n=42) than in females (n=19) (P=0.037; Fig. 3E).
Similarly, UCC expression was higher in males (n=42) than
females (n=19) (P=0.044; Fig. 3F). Patients with lymph node
metastasis (n=46) had higher UCC expression than patients
with no lymph node metastasis (n=15) (P=0.048; Fig. 3G),
implicating UCC overexpression in GC metastasis. UCC
expression was also closely associated with the expression
status of cell proliferation marker Ki67, although this was not
statistically significant (P=0.074). Collectively, these results
indicate the associations of PTPRG-ASI1, ZXF2, BLACAT?2,
FOXP4-AS1 and UCC expression levels with clinical and
demographic characteristics of patients with GC.
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UCC promotes GC cell proliferation in vitro. Uncontrolled
cell proliferation has been proven to be one of the hallmarks
of cancer (36). Thus, the effect of one of the upregulated
IncRNAs (UCC) on GC cell proliferation was investigated.
Loss-of-function experiments were performed on UCC using
siRNAs to ascertain its effect on GC cell proliferation. The
GC cell line AGS, in which UCC expression was found to be
significantly upregulated (Fig. 2E), was transfected with three
siRNA oligonucleotides in order to achieve siRNA-mediated
UCC knockdown. Twenty-four hours after transfection,
the efficiency of transfections was verified by RT-qPCR
analysis (Fig. 4A). The CCK-8 cell proliferation assay results
revealed that silencing UCC markedly reduced the rate of cell
proliferation (Fig. 4B). The colony formation assay results
demonstrated a significant reduction in the numbers and
sizes of colonies following knockdown of UCC in AGS cells
(P=0.007; Fig. 4C) indicating that UCC promotes GC cell
proliferation in vitro.

Prognostic efficacy of PTPRG-ASI, FOXP4-ASI, BLACAT?2,
ZXF2 and UCC in GC. The prognostic efficacy of BLACAT2,
FOXP4-ASI1 and UCC was assessed using the GEPIA web
server (http:/gepia.cancer-pku.cn), whereas the prognostic
efficacy of PTPRG-ASI was examined using the Kaplan Meier
Plot database (www.kmplot.com) (Affymetrix ID: 232242 _at).
High FOXP4-AS1 expression was significantly associated

with shorter disease-free survival (DFS) rates compared with
low FOXP4-ASI expression (P=0.023; Fig. 5A). No significant
associations were found between increased expression of
BLACAT?2 and UCC and the OS and DFS rates of patients with
GC (Fig. 5B and C). However, high PTPRG-AS1 was signifi-
cantly associated with poor OS rates in all patients (P=0.019;
Fig. 6A), male patients alone (P=0.041; Fig. 6B), female patients
alone (P=0.040; Fig. 6C), patients treated with surgery alone
(P=0.047; Fig. 6D), patients in clinical stage 3 (P=0.0026;
Fig. 6E), HER2 patients (P=0.024; Fig. 6F), patients with
stage MO GC and no metastasis (P=0.017; Fig. 6G), patients
with stage NO GC and no lymph node metastasis (P=0.040;
Fig. 6H) and patients with stage N1 GC and few lymph node
metastasis sites (P=0.006; Fig. 61). Shorter survival rates were
also observed among patients treated with 5-fluorouracil adju-
vant alone who had high PTPRG-AS1 expression compared
with patients with low PTPRG-ASI expression, although this
was not statistically significant (P=0.45; Table II). Correlation
analyses were also performed on other stages, classifications
and pathological grades. The results, which are summarized
in Table II, demonstrate the prognostic efficacy of the IncRNAs
in patients with GC that have different clinicopathological
characteristics.

Genetic alteration of BLACAT?2 is a marker of poor outcome
for patients with GC. Genetic alterations of the IncRNAs in
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Figure 5. Prognostic efficacy of FOXP4-AS1, BLACAT?2 and UCC in GC evaluated using GEPIA. (A) Kaplan-Meier survival curves revealed that high
FOXP4-ASI expression significantly correlated with shorter DFS survival times of patients. (B) BLACAT?2 expression levels were not significantly associated
with GC prognosis. (C) UCC expression levels were not significantly associated with GC prognosis. GEPIA, Gene Expression Profiling Interactive Analysis;
FOXP4-ASlI, forkhead box P4 antisense RNA 1; BLACAT?, bladder cancer-associated transcript 2; UCC, upregulated in colorectal cancer.

GC were analyzed using the cBioPortal online tool. A total
of 1,365 patients from six datasets of patients with GC were
evaluated. No alterations were found in the FOXP4-ASl1,
ZXF2 and UCC genes in GC. Regarding PTPRG-ASI,
alterations ranging from 1.82 to 2.37% were found for the
gene sets submitted for analysis (Fig. 7A). The percentage of
genetic alterations in PTPRG-ASI for GC was 1.1% (Fig. 7B).
Following cBioPortal and Kaplan-Meier plotter analyses
and a log-rank test, the results indicated that there was no
significant difference in OS and DFS in patients with or
without alterations in PTPRG-AS1 (P=0.161 and P=0.479
respectively; Fig. 7C). Regarding the BLACAT?2 gene, altera-
tions were found ranging from 0.21 to 0.34% (Fig. 8A) and
the percentage of genetic alterations was 0.2% (Fig. 8B).

Following cBioPortal and Kaplan-Meier plotter analyses and
a log-rank test, the results indicated that there was no signifi-
cant difference in OS in cases with or without alterations
in BLACAT?2 (P=0.239). By contrast, cases with alterations
in BLACAT? had significantly poorer DFS rates than those
without alterations (P=0.0023; Fig. 8C).

Discussion

Therapeutic regimens available for GC, including trastu-
zumab, a widely administered drug, have obvious limitations,
including their inability to be used for a wider range of
patients (22). Therefore, GC remains one of the leading
causes of cancer-related deaths (37). Studies have shown that
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Table II. Correlation of high PTPRG antisense RNA 1 expression with other clinical characteristics of patients with gastric

cancer.
Characteristics n HR 95% CI P-value
Clinical stages
2 126 1.7 (0.89-3.26 0.11
4 140 0.72 (0.46-1.11) 0.13
Pathological grades
Poorly differentiated 121 1.26 (0.78-2.06) 0.34
Moderately differentiated 67 047 (0.24-0.92) 0.024
Well differentiated
HER?2 status
Positive 202 1.43 (0.94-2.19) 0.097
Treatments
5-FU based adjuvant 34 1.42 (0.57-3.54) 045
Other adjuvants (e.g. irinotecan) 76 0.52 (0.2-1.36) 0.17
T stage
2 241 1.55 (0.99-2.44) 0.054
4 38 0.61 (0.26-1.41) 0.24
N stage
1+2+3 422 1.3 (0.97-1.73) 0.074
2 121 0.71 (0.45-1.11) 0.13
3 76 1.31 (0.76-2.26) 0.33
M stage
M1 56 0.63 (0.33-1.22) 0.17
Lauren classification
Intestinal 269 1.47 (0.97-2.23) 0.067
Mixed 29 1.56 (0.5 -4.77) 043
Diffuse 240 1.35(0.96-1.9) 0.084

CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; 5-FU, 5-fluorouracil.

upregulated IncRNAs such as OCC-1, AK126698, SChLAPI,
BORG and DANCR are associated with poor prognosis in
cancer patients (9,10,12-14). Poor prognoses may also be
attributed to late diagnosis, lack of specific biomarkers and the
metastatic and proliferative capacity of cancer cells (38,39).
Since specific biomarkers of GC are currently limited, patients
are more often diagnosed at a later, usually metastatic stage.
This increases the risk of disease recurrence, GC-related
deaths and poor prognoses. Consequently, there is a necessity
for further exploration of the genetic and molecular modifica-
tions that characterize gastric carcinogenesis and an urgent
need for the identification of highly sensitive and specific
biomarkers.

In the present study, the expression profiles, functions
and prognostic efficacy of five IncRNAs in GC, specifically
PTPRG-AS1, FOXP4-AS1, BLACAT2, ZXF2 and UCC,
were investigated. Expression analyses revealed that all
five IncRNAs were upregulated in tumor tissues relative to
ANTs, thus indicating differential expression patterns of the
IncRNAs between cancer and healthy tissues. This was a
significant finding since the aberrant expression patterns of
the IncRNAs suggest their application as diagnostic markers

for GC at the molecular level. The present study results
regarding the upregulation of PTPRG-AS1, FOXP4-ASl1,
BLACAT?2, ZXF2 and UCC are in accordance with the
results of Iranpour et al (23), Li et al (25), He et al (26),
Yang et al (27) and Huang et al (15), which conducted
studies on breast, colorectal, bladder, lung and colorectal
cancers, respectively. The results of the current study were
further verified in four GC cell lines. As expected, all five
IncRNAs were highly expressed in GC cell lines relative
to the healthy gastric epithelial cell line GES-1. Significant
associations were found between BLACAT?2, FOXP4-ASl1,
UCC and the sex of patients with GC. BLACAT?2 and UCC
expression levels were higher in males than in females.
Nonetheless, higher FOXP4-AS1 expression was observed in
females than in males. Therefore, it was concluded that sex
may be an important predisposing factor for GC. Biological
factors, including age and sex, have been associated with the
development of certain cancer types and the sex differential
in susceptibility may provide insight into the etiology of
cancer (40). The present study also reported new findings on
the relationship between BLACAT2, FOXP4-AS1 and UCC
expression and sex predisposition to GC.
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Figure 6. Prognostic efficacy of PTPRG-ASI in GC evaluated using the Kaplan Meier Plotter. Kaplan-Meier survival curves revealed that poor OS of (A) all

patients, (B) male patients, (C) female patients, (D) patients treated with sur

gery alone, (E) patients in clinical stage 3, (F) HER2 patients, (G) patients with

no metastasis (MO), (H) patients with no lymph node metastasis (NO), and (I) patients with few lymph node metastasis sites (N1) was associated with high

expression of PTPRG-AS1. PTPRG-ASI, PTPRG antisense RNA 1.

PTPRG-ASI expression was significantly associated with
the expression status of the cell proliferation marker Ki67. In
particular, the expression of ZXF2 was higher in Ki67-positive
patients than in Ki67-negative patients. Both PTPRG-ASI and
ZXF2 expression levels were found to increase in response to
increased Ki67 expression, hence indicating that the prolif-
erative ability of GC cells increases when the expression of
PTPRG-ASI and ZXF2 is upregulated. These results suggest
the involvement of PTPRG-AS1 and ZXF2 in GC cell prolifer-
ation. As in other types of cancer, GC develops due to genetic
alterations that result in generalized loss of growth control,
which in turn leads to continual unregulated proliferation
of cancer cells (36). Consequently, it was hypothesized that
IncRNAs PTPRG-ASI and ZXF2 are oncogenes that promote
gastric tumorigenesis and/or progression by promoting GC

proliferation. This hypothesis was corroborated by the find-
ings of Iranpour et al (23) and Yang et al (27), which suggested
the implication of PTPRG-AS1 and ZXF2 in the oncogenicity
of breast and lung cancer, respectively. Patients with smaller
tumors exhibited considerably higher ZXF2 expression than
patients with tumors of a larger size, though the difference was
not significant. Nevertheless, ZXF2 may be a marker of the
early stages of gastric carcinogenesis. This possibility requires
further investigation in large-scale studies.

The human body comprises a network of lymphatic
vessels and lymph nodes mainly designed to serve protective
roles against infections by filtering harmful substances (41).
LNM is defined as the spread of cancer cells from a primary
(original) tumor to the lymph nodes. It is a well-known and
clinically accepted strong prognostic factor for the recurrence
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Figure 7. Alteration frequency of PTPRG-ASI gene in gastric cancer identified using cBioPortal. (A) Summary of alterations in PTPRG-ASI. (B) Oncoprint
visual summary of alteration on a query of PTPRG-ASI. (C) Kaplan-Meier plots comparing overall survival and disease-free survival in cases with/without
PTPRG-ASI gene alterations. PTPRG-AS1, PTPRG antisense RNA 1; TCGA, The Cancer Genome Atlas.

and survival of patients with most solid tumors (41). Previous
findings have demonstrated the involvement of the unique
lymph node microenvironment in the formation of systemic
metastasis suggesting LNM as a source of further cancer
spread and poor prognosis. Adequate management of LNM
could reduce further systemic metastasis and improve patient
outcomes (42). In the current study, a higher UCC expression
was observed in patients with LNM than in those without
LNM. This association between UCC expression and LNM
suggests that the overexpression of UCC may be responsible
for metastatic competence and disease progression in patients
with GC. This is an indication of the role of UCC in GC
metastasis and is in consonance with an aforementioned study
suggesting UCC upregulation in the metastasis of colorectal
cancer cells (15).

According to the CCK-8 assay results, UCC was identified
as a key driver of GC growth. Knockdown of UCC signifi-
cantly inhibited cell proliferation in AGS cells. This finding
was further confirmed by performing a colony formation
assay. In comparison with controls, the number and sizes of
GC cell colonies were found to be significantly reduced after
UCC knockdown, implicating UCC in GC cell proliferation.
Similar findings were reported in an aforementioned study on
colorectal cancer (15).

The prolonged survival times observed among patients
with high FOXP4-AS1 expression in the present study suggest
that FOXP4-ASl is a marker of favorable outcome for patients
with GC. No associations were identified between high expres-
sion of BLACAT?2 or UCC with the OS or DFS of patients.
This finding requires further validation in studies with larger
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sample sizes. However, high expression of PTPRG-ASI1
was significantly associated with poor OS probability in
all patients; those with high expression of PTPRG-AS1 had
shorter survival rates than those with low PTPRG-ASI expres-
sion. PTPRG-ASI may be a novel predictor of prognosis for
patients with GC.

Surgical resection is usually the first line of treatment
for patients with GC. Thus far, it is regarded as the only
reliable possibility of a curative treatment and the only
effective therapy, though the locoregional recurrence and
five-year survival rates following resection remain poor (43).
Shorter survival rates were observed among patients with
high PTPRG-ASI expression treated with surgery alone or
5-FU adjuvant alone than in those with low PTPRG-ASI1
expression subjected to the same treatment. It is possible that
PTPRG-ASI upregulation may be responsible for resistance
to GC therapy.

Over 80% of patients with GC are HER2" (44). Although
positive HER?2 status is generally associated with poor prog-
nosis for patients with GC, a recent study revealed that, when
treated with trastuzumab, HER2* patients had better prognosis
than HER2" patients (44). Therefore, the development of
targeted therapies for HER2" patients may prove to be benefi-
cial. The results from the survival analysis performed in the
current study showed that a high expression of PTPRG-ASI1
was associated with poor prognosis for HER2" patients, as OS
significantly decreased in patients with a high expression of
this IncRNA compared with those that had a low expression.
PTPRG-AS1 may be a novel therapeutic target for HER2"
patients especially since the trastuzumab regimen has been
found to be ineffective in these patients (22).

Of note, patients with advanced GC stage (stage I11), patients
with earlier non-metastatic stages of GC (stage M0) and no
lymph node metastasis (stage NO) and those with metastasis in
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few lymph nodes (stage N1) and high PTPRG-ASI1 expression
in the current study, had poorer survival rates compared with
patients that had low expression. Poorer survival rates were also
observed among patients with other pathological stages of GC
that had a high PTPRG-ASI expression compared with those
that had downregulated expression. Thus, it was concluded
that PTPRG-ASI may be a novel prognostic predictor of both
early and advanced GC and may serve as a marker of patient
outcomes and a therapeutic target for patients with different
pathological stages and subgroups of GC.

Mutations and gene amplifications are linked to carcino-
genesis; mutant genes cause a gain-of-function phenotype, are
involved in tumorigenesis and related to patient outcomes (45).
Herein, the percentages of alterations in PTPRG-ASI and
BLACAT?2 among patients were identified as 1.1 and 0.2%,
respectively. There were no significant differences in OS and
DEFS in cases with or without alterations in PTPRG-ASI and
no significant difference in OS rates in cases with or without
alterations in BLACAT?2. However, cases with this type of
alteration had significantly poorer DFS rates than those without
alterations, indicating that BLACAT?2 gene mutations are asso-
ciated with poor prognosis in GC. Upregulated IncRNAs may
be more readily applied as biomarkers than downregulated
IncRNAs (15). A number of studies have reported an association
between IncRNA upregulation and patient outcomes and have
suggested their application as cancer biomarkers. For example,
Gao et al (46) found that plasma orosomucoid 2 was signifi-
cantly upregulated in patients with stage II colorectal cancer
and may be used as a biomarker in diagnosis and prognostic
evaluation. Li et al (47) revealed that high MALAT1 expres-
sion was associated with decreased survival and poor response
of advanced colorectal cancer patients to oxaliplatin-based
chemotherapy. Du et al (48) demonstrated that increased
expression of urinary uc004cox.4 was significantly associated
with poorer prognosis in terms of recurrence-free survival of
non-muscle invasive bladder cancer and may be combined
with future non-invasive biomarkers for the diagnosis and
prognosis of bladder cancer, provided that it is validated in a
large-scale study. According to Li et al (49), a high expression
of SPINT1-ASI was associated with poor clinical outcome and
SPINTI1-AS1 may be a promising biomarker for the prognostic
prediction and treatment monitoring of patients with colorectal
cancer. Moreover, the present study reported new findings on
the expression patterns, functions and clinical significance of
PTPRG-AS1, FOXP4-AS1, BLACAT?2, ZXF2 and UCC and
their potential for application as diagnostic, prognostic and
therapeutic targets in GC.

Determination of target RNAs or proteins that IncRNAs
interact with is regarded as an important step in characterizing
the functions of IncRNAs (50). A recent study demonstrated
that IncRNAs regulate inflammation and reparative responses
by competitively sponging miRNAs and acting as competing
endogenous RNAs (51). Identification of interactions and
complex regulatory networks of IncRNAs, miRNAs and
other relevant genes may provide insight into the molecular
mechanisms involved in human cancer and the development
of diagnostic and therapeutic strategies (52). Certain molecular
interactions of the IncRNAs in our study have also been reported
by a number of studies. For instance, BLACAT?2 was found to
mediate the interaction of WD repeat domain 5 (WDRS5), a core
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component of the histone H3K4 methyltransferase complex
that is required for vertebrate development, with multiple
promoter target sequences of vascular endothelial growth
factor C (26). WDRS is involved in the self-renewal of pluripo-
tent stem cells and cell differentiation, and interactions with
WDRS5 may induce tumorigenesis by promoting target gene
recognition (53). By contrast, UCC was identified as a possible
target of miR-143, which has been found to be downregulated
in a variety of cancer types (15). ZXF2 has been reported to
interact with c-myc and enhance lung cancer progression via
the c-myc/e-cadherin pathway (27) and PTPRG-ASI has been
suggested to downregulate the expression of PTPRG, a tumor
suppressor gene (24), thereby enhancing disease progression
in breast cancer. The results from these studies confirm the
proto-oncogenic involvements of the studied IncRNAs in
various malignancies. However, their precise molecular inter-
actions in GC need to be investigated.

The present study had certain limitations. First, the number
of GC tissue samples used was relatively small. Although
significantly different expression levels of PTPRG-ASI,
FOXP4-AS1, BLACAT?2 and UCC were observed, ZXF2
upregulation was not statistically significant, probably due
to this limitation. Secondly, access to the follow-up data of
patients was not available, because the samples were collected
from patients with newly diagnosed GC at the time of analysis;
consequently, the prognostic efficacy of the IncRNAs could
not be determined using the results of RT-qPCR analysis.
However, the effects of high IncRNA expression on patient
outcomes were examined using data from publicly available
online databases. Despite the above shortcomings, the present
study revealed that PTPRG-AS1, FOXP4-AS1, BLACAT?2,
ZXF2 and UCC are upregulated in GC and have the poten-
tial for application as biomarkers for GC detection at the
molecular level. The involvement of PTPRG-AS1 and ZXF2
in GC growth was also revealed and ZXF2 was identified
as a potential marker of the early stages of gastric carcino-
genesis. Furthermore, associations were observed between
BLACAT2, FOXP4-AS1, UCC and sex predisposition to GC.
An association was also identified between UCC overexpres-
sion and lymph node metastasis and its role in promoting GC
cell proliferation in vitro. Finally, it was shown that BLACAT2
gene alterations were associated with worse DFS outcome and
PTPRG-ASI overexpression was associated with worse OS
outcome for all patients with GC and the respective subgroups
of GC patients. Therefore, these IncRNAs are promising novel
prognostic predictors and therapeutic targets for different
categories of patients with GC.

In conclusion, PTPRG-AS1, FOXP4-AS1, BLACAT?2,
ZXF2 and UCC are potential biomarkers for GC detection
at the molecular level and they may be individually utilized
as therapeutic targets for GC and for prognostic predictions.
Nonetheless, further in vitro and in vivo research is required
for each IncRNA in order to ascertain their specific involve-
ments in gastric carcinogenesis.
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