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Introduction: It is worldwide accepted that IncRNA PTCSC3 is a tumor suppressor in
glioma and thyroid cancer, whereas its role in the recurrence of gastric cancer is unknown.
Patients and Methods: We recruited 80 GC patients (46 males and 34 females, 44 to 68
years, 56.3£6.7 years) in our study. Two human GC cell lines AGS and SNU-1 were
transfected with PTCSC3 and HOXAT11-AS expression vectors. Then, gPCR was used to
detect the level of relative mRNA. Both invasion and migration assays were performed to
detect the effect of the IncRNA on gastric cancer cell motility.

Results: In the present study, we showed that PTCSC3 was downregulated in plasma of gastric
cancer patients than in plasma of healthy controls. Follow-up study indicated that PTCSC3 was
further downregulated in patients with distant-recurrence but not in patients with local recurrence
only or non-recurrence. LncRNA HOXA11-AS was upregulated in plasma of gastric cancer cells
than in plasma of healthy controls and was inversely correlated with PTCSC3 in plasma of
gastric cancer patients. PTCSC3 overexpression mediated the downregulation of HOXA11-AS
in gastric cancer cells, while HOXA11-AS overexpression failed to significantly affect PTCSC3.
PTCSC3 overexpression led to inhibited, while HOXA11-AS overexpression led to promoted
migration and invasion of gastric cancer cells. In addition, HOXA11-AS overexpression reduced
the effects of PTCSC3 overexpression.

Discussion: Therefore, IncRNA PTCSC3 alleviates in the postoperative distant recurrence
of gastric cancer possible by suppression of HOXA11-AS.
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Introduction

Gastric cancer (GC) is among the most commonly diagnosed malignancies and
a major cause of cancer-related deaths." According to the latest GLOBOCAN
statistics, GC caused 782,685 deaths in 2018, which accounts for 8.2% of all cancer
deaths in that year.” During the same year, a total of 1,033,701 new cases of GC
were diagnosed, accounting for 5.7% of all new cancer cases.” A considerable
number of risk factors, such as alcohol drinking and infections of Helicobacter
pylori, have been proved as the major risk factors for GC,>* while avoidance of
these risk factors requires the intensive intervention of people’s life style, which is
not practical. Radical therapies for advanced GC remain lack. Therefore, early
diagnosis followed by surgical resection is still the key to patients’ survival.
However, postoperative recurrence is common and the survival rate of recurrent
GC is extremely low.>°
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Long (>200nt) non-coding RNAs (IncRNAs) are a big
group of RNA transcripts that have critical functions in
diverse cellular processes.” LncRNAs encode no proteins
and they achieve their functions mainly regulating gene
expression at multiple levels.® In cancer biology, IncRNAs
regulate the temporal and spatial expression of oncogenes
or tumor suppressors to promote or suppress cancer
progression.’ In effect, the regulation of critical IncRNAs
involved in cancer biology provided novel targets for the
development of targeted therapies.'® However, the func-
tion of most IncRNAs remains unclear. PTCSC3 is
a recently identified tumor-suppressive IncRNA in thyroid
cancer and glioma.'"'? Our preliminary deep sequencing
data revealed it downregulated expression pattern in GC
and its inverse correlation with HOXA11-AS, an onco-
genic IncRNA in GC."? This study was therefore per-
formed to analyze the interaction between these two
IncRNAs in GC.

Patients and Methods

GC Patients and Follow-Up
This study included 80 GC patients (46 males and 34
females, 44 to 68 years, 56.3+6.7 years) who received surgi-
cal resection of primary tumors at Changzheng Hospital,
Second Military Medical University between March 2013
and July 2016. The control group included 80 healthy con-
trols (46 males and 34 females, 44 to 68 years, 56.24+6.9
years) during the same time period at the same hospital to
match the distributions of age and gender of GC group. The
aforementioned hospital Ethics Committee approved this
study. Patients’ inclusion criteria were the following: 1)
newly diagnosed cases; stage I (n=55) and stage II (n=25)
cases proper for surgical resection; 3) no therapies were
performed within 3 months before this study. Patients’ exclu-
sion criteria were the following: 1) recurrent GC; 2) multiple
clinical disorders were diagnosed. All the patients were fol-
low-up for 3 years after surgical resection in a monthly
manner through telephone. All patients completed the fol-
low-up. During follow-up, patients’ recurrence was observed
and recorded. All participants signed informed consent.
Extraction of fasting blood (5 mL) was performed on
both patients and controls before the initiation of therapies.
During follow-up, blood extraction was also performed on
the day of the diagnosis of recurrence and at the end of
follow-up in cases of non-recurrence. Blood was centri-
fuged in EDTA tubes at room temperature for 10 min at
1200 g to separate plasma samples.

Cell Culture and Transfection

AGS (adenocarcinoma) and SNU-1 (carcinoma) two human
GC cell lines were from ATCC (USA). Cell culture condi-
tions were 95% humidity, 37°C and 5% CO,. Cell culture
was composed of 90% RPMI-1640 Medium and 10 FBS.
Cells were cultivated and harvested at 70-80% confluence.
Vectors expressing PTCSC3 or HOXAI11-AS and empty
vectors were constructed by Sangon Biotech Co., Ltd using
the pcDNA3.1 vector as the primary vector. All transient
transfections were mediated by Lipofectamine-2000
(Invitrogen, USA) to transfect 10 nM vector (empty vector
transfection as NC group) into the aforementioned cell lines
at a density of 1x10° cells in 2 mL cell suspension. Control
(C) cells were untransfected cells. Cells were used for sub-
sequent experiments when PTCSC3 and HOXA11-AS over-
expression rates were >200%. Cells were harvested at

24 h post-transfection to perform the following experiments.

RNA, Reverse Transcription (RT), and
qPCR

All RNA extractions in this study were performed using
Trizol (Invitrogen, USA). DNA eraser (Sigma-Aldrich) was
used to remove genomic DNAs from all RNA samples. After
that, 20 pL RT reaction systems were prepared using SSRT
IV system (Invitrogen, USA) to transcribe total RNA into
cDNA. Reaction thermal conditions were: 30 min at 45°C
and 10 at 55°C. To measure the levels of PTCSC3 and
HOXAI11-AS expression, 2x SYBR® Premix Ex Taq™
(Takara) was used to prepare qPCR reaction mixtures with
cDNA as template and gene-specific primers. Eppendorf
Mastercycler (Eppendorf, Germany) was used to carry out
all qPCR reactions through following thermal conditions:
95°C for 30 s, followed by 40 cycles of 95°C for 10 s and
55°C for 40 s. Primers for PTCSC3, HOXA11-AS and
GAPDH were
Invitrogen (Thermo Fisher Scientific, Inc.). The following

endogenous  control synthesized by
primer sequences were used: PTCSC3 forward 5-TCAAA
CTCCAGGGCTTGAAC-3', and reverse 5-ATT ACGGCT
GGGTCTACCT-3'; HOXA11-AS forward, 5'-AGCAACA
GATCGT -CACTCGG-3' and reverse 5'-GAGAACGAGG
ACCCTGCAAT-3"; GAPDH forward, 5'-GGTGATGCTGG
TGCTGAGTATGT-3’and reverse, 5'-AAGAATGGGAGT
TG -CTGTTGAAGTC-3". All PCR reactions were repeated
3 times and negative control (C) was the non-template reac-
tions. The 2-AACT method was used to normalize the fold
change of gene expression levels to endogenous control
GAPDH.
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Cell Invasion and Migration Assay

Transwell chambers (Corning, Cat# 354578) were used to
perform both invasion and migration assays. In brief,
starvation was performed using non-serum medium.
Following trypsinization, 3000 cells in 0.1 mL non-
serum medium were transferred to the Transwell chamber.
The chambers were placed into a well containing
a mixture composed of 20% FBS and 80% cell culture
medium. Cells were cultivated under the aforementioned
conditions for 12 h. Invading and migrating cells (lower
surface) were stained with 0.05% Crystal Violet and were
counted under a light microscope. It is worth noting that
Matrigel (200mg/mL) was used to stain the membranes
before invasion assay but not migration assay.

Statistical Analysis

Each experiment was performed in three independent biolo-
gical replicates. Data are expressed as the mean + standard
deviation. An unpaired #-test was used for comparisons
between gastric cancer patients and controls. Comparisons
between the pre-treatment and follow-up data within the same
group were performed using a paired t-test. Explorations of
differences among multiple groups were performed using
ANOVA (one-way) and Tukey’s test. We used Pearson’s y2
tests to determine the correlation between clinicopathological
parameters and PTCSC3 IncRNA expression in GC samples
Correlation between the expression levels of PTCSC3 and
HOXAI11-AS were performed using Pearson’s correlation
coefficient. p<0.05 was statistically significant.

Results
Follow-Up Data

During the follow-up, there were 23 cases developed dis-
tant-recurrence (DR). Twenty-four patients were diag-
nosed at local-recurrence (LR). Recurrence was not
observed in the rest 33 cases (non-recurrence group, NR).

PTCSC3 Was Downregulated in GC

Patients

The differential expression of PTCSC3 in GC patients was
first analyzed by performing qPCR to measure the expres-
sion levels of PTCSC3 in plasma from both GC patients
(n=80) and healthy controls (n=80). Unpaired ¢ test analysis
showed that plasma levels of PTCSC3 were significantly
lower in GC patients than in healthy controls (Figure 1,
p<0.05). To further identify the clinicopathological role of
PTCSC3 expression in GC patients, we divided 80 patients

101

Relative PTCSCS3 level

Control(n=80) GC (n=80)

Figure | PTCSC3 was downregulated in GC patients. The differential expression
of PTCSC3 in GC patients was first analyzed by performing qPCR to measure the
expression levels of PTCSC3 in plasma from both GC patients (n=80) and healthy
controls (n=80). PCR was repeated 3 times and the mean values were compared by
unpaired t test. ¥p<0.05.

into a low PTCSC3 expression group (n=39) and a high
PTCSC3 expression group (n=41). As presented in Table 1,
PTCSC3 level in GC tissues was positively correlated with
tumor diameter, differentiation, and metastasis. The results
indicated that the abnormal expression of IncRNA PTCSC3
played a crucial role in the progression of GC.

Table | Association with PTCSC3 and the Clinical Pathological
Characteristics of GC Patients

Num PTCSC3 P value
Low High

Gender
Male 46 24 22 0.335
Female 34 15 19

Age (years)
>50 49 23 26 0.472
<50 31 16 15

Tumor Diameter
24cm 43 29 14 0.043*
<4cm 37 10 27

Differentiation
| 55 22 33 0.049*
] 25 17 8

Metastasis
NR 33 12 21
DR 23 18 5 0.032*
LR 24 9 15

Notes: The mean expression level was used as the threshold. For analysis of the
association between PTCSC3 levels and clinical features, Pearson’s y* tests were
used *P<0.05.

Cancer Management and Research 2020:12

submit your manuscript

2625

Dove


http://www.dovepress.com
http://www.dovepress.com

Xu et al

Dove

PTCSC3 Was Further Downregulated in

DR Group

Plasma levels of PTCSC3 in DR (n=23), LR (n=24) and NR
(n=33) groups were also measured during follow-up by
performing qPCR. Paired ¢ test analysis showed that, com-
pared to pre-treatment levels, plasma levels of PTCSC3
were significantly downregulated in patients with DR
(Figure 2A, p<0.05), but not in LR (Figure 2B, p>0.05)
and NR (Figure 2C, p>0.05) groups during follow-up.

HOXAI 1-AS Was Upregulated in GC

and Inversely Correlated with PTCSC3

The differential expression of HOXA11-AS in GC patients
was also analyzed by qPCR to measure the expression levels
of HOXA11-AS in plasma from both GC patients (n=80)
and healthy controls (n=80). Unpaired ¢ test analysis showed
that plasma levels of HOXA11-AS were significantly higher
in GC patients than in healthy controls (Figure 3A, p<0.05).
Linear regression was performed to analyze the correlation
between PTCSC3 and HOXAI11-AS. It was observed that
plasma levels of PTCSC3 were inversely and significantly
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correlated with HOXA11-AS across GC samples (Figure
3B) but not healthy control samples (Figure 3C).

PTCSC3 Overexpression Mediated the
Downregulation of HOXAI |-AS in AGS
and SNU-1 Cells

AGS and SNU-1 cells were transfected with PTCSC3 and
HOXAT11-AS expression vectors. The overexpression of
PTCSC3 and HOXA11-AS was confirmed by qPCR at 24
h post-transfection (Figure 4A, p<0.05). Compared to the
C and NC groups, PTCSC3 overexpression led to the
significant downregulation of HOXA11-AS in AGS and
SNU-1 cells (Figure 4B, p<0.05). In contrast, HOXAI11-
AS overexpression failed to significantly alter the expres-
sion of PTCSC3 in these cells (Figure 4C, p<0.05).

PTCSC3 Overexpression Inhibited the
Invasion and Migration of AGS and SNU-I
Cells Through HOXAI |-AS

Transwell migration and invasion assays were performed
to explore the effects of the interactions between PTCSC3

(@)

Relative PTCSC3 level
N

Pre-treatment Follow-up

Pre-treatment

Follow-up Pre-treatment Follow-up

Figure 2 PTCSC3 was further downregulated in DR group. Plasma levels of PTCSC3 in DR (n=23), (A) LR (n=24), (B) and NR (n=33), (C) groups were also measured
during follow-up by performing qPCR. Paired t test was used to compare pretreatment and follow-up levels of PTCSC3. PCR was repeated 3 times and the mean values

were compared by unpaired t test. *p<0.05.
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Figure 3 HOXAI |-AS was upregulated in GC and inversely correlated with PTCSC3. The differential expression of HOXAI |-AS in GC patients was also analyzed by qPCR
to measure the expression levels of HOXAI |-AS in plasma from both GC patients (n=80) and healthy controls (n=80). Data were compared by unpaired t test (A). Linear
regression was performed to analyze the correlation between PTCSC3 and HOXAI |-AS across GC samples (B) and healthy control samples (C). PCR was repeated 3 times

and the mean values were compared by unpaired t test. ¥p<0.05.
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Figure 4 PTCSC3 overexpression mediated the downregulation of HOXAII-AS in AGS and SNU-I cells. AGS and SNU-I cells were transfected with PTCSC3 and
HOXAI I-AS expression vectors. The overexpression of PTCSC3 and HOXAI |-AS was confirmed by qPCR at 24 h post-transfection (A, p<0.05). The effects of PTCSC3
overexpression on HOXAI I-AS (B) and the effects of HOXAI I-AS overexpression on PTCSC3 (C) in AGS and SNU-I cells were also analyzed by qPCR. Experiments
were repeated 3 times and mean values were presented. *p<0.05.
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Figure 5 PTCSC3 overexpression inhibited the invasion and migration of AGS and SNU-I cells through HOXAI I-AS. Transwell migration and invasion assays were
performed to explore the effects of the interactions between PTCSC3 and HOXAI |-AS on the invasion (A) and migration (B) of both AGS and SNU-I cells. Experiments
were repeated 3 times and mean values were presented. *p<0.05.
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and HOXA11-AS on the invasion (Figure 5A) and migra-
tion (Figure 5B) of both AGS and SNU-1 cells.
Comparing to C and NC groups, PTCSC3 overexpression
led to inhibited, while HOXA11-AS overexpression led to
promoted migration and invasion of gastric cancer cells. In
addition, HOXA11-AS overexpression reduced the effects
of PTCSC3 overexpression (p<0.05).

Discussion

Post-operative recurrence is a major cause of deaths of all
cancer patients GC cancer patients. In this study, we showed
that the downregulation of PTCSC3 is correlated with the
distance recurrence of GC after surgical resection. In addition,
PTCSC3 may play its tumor-suppressive roles in cancer cell
invasion and migration by downregulating HOXA11-AS.

The functions of PTCSC3 have only been reported in
thyroid cancer and glioma.'"'? In thyroid cancer, PTCSC3 is
downregulated and can regulate multiple pathways, such as
Wnt/B-catenin signaling,'> S100A4 gene'* and STAT3/
INOSO pathway to regulate cancer cell behaviors, such as
proliferation, invasion and migration as well as the sensitivity
of cancer cells to drug treatment.'*™'® PTCSC3 is also down-
regulated in glioma and can interact with Wnt/B-catenin
signaling pathway to suppress the invasion and proliferation
of cancer cells.'? Recent studies suggested that PTCSC3 was
reported to be a potential biomarker'’ and inhibited GC
growth by interacting with IncRNA Linc-pint.'® However,
the role of PTCSC3 in gastric cancer recurrence remains
unknown. Our study is the first to observe that patients with
DR have a significant decrease level of PTCSC3. Similarly,
the invasion and migration rates of GC cells were reduced
after PTCSC3 overexpression. Our data suggested that
PTCSC3 is likely a tumor-suppressive IncRNA in GC,
which has strong potential clinical values.

We also provide evidence that the roles of PTCSC3 in GC
are likely mediated by another IncRNA named HOXA11-
AS, which is overexpression in GC and promotes GC cell
invasion. Recently, Guo et al observed that HOXA11-AS
could promote the migration and invasion in gastric cancer
through miR-148a/WNT 1/beta-catenin pathway,'® which is
consistent with our result. However, the mechanism that med-
iates the interactions between PTCSC3 and HOXA11-AS in
GC remains unclear. In the previous research, we found that
HOXAT11-AS was mediated by PTCSC3 as a downstream
target in gastric cancer cell migration and invasion, which
seems relatively novel in the mechanism. However, more
studies are needed to verify the truly functional effects of
PTCSC3 on HOXAI11-AS. We observed a significant

correlation between HOXA11-AS and PTCSC3 only in GC
patients but not in healthy controls. Therefore, certain patho-
logical factors may mediate the interaction between
HOXAT11-AS and PTCSC3 in GC.

The present experiments only conducted in two cancer
cell lines. Future investigations should include additional
cancer cell lines in order to perform an in-depth analysis of
the correlation between PTCSC3 expression and cancer
cell behavior.

In conclusion, PTCSC3 was downregulated in GC and
reduced the expression of HOXA11-AS to promote cancer
cell invasion and migration, thereby promoting distance
recurrence of GC after surgical resection.
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