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Background: LncRNA PTCSC3 (PTCSC3) inhibits thyroid cancer cervical carcinoma and 
glioma, while its roles in gastric cancer are unknown. Studies have reported that HULC 
could serve as a potential biomarker for the diagnosis and prognosis of gastric cancer (GC). 
Our study aimed to investigate the potential interaction between PTCSC3 and HULC in 
gastric cancer.
Methods: This study enrolled 77 gastric cancer patients at the First Affiliated Hospital of 
Anhui Medical University from January 2016 to January 2018. RT-qPCR was performed to 
analyze gene expression levels. Cell transfections were carried out to evaluate gene interac
tions. Transwell assays and wound healing assays were used to analyze the effects of 
transfection on cell invasion and migration. Western blotting was also used to illustrate the 
possibility that lncRNA PTCSC3 and lncRNA HULC negatively affected each other through 
WNT signal path.
Results: We showed that PTCSC3 was downregulated in tumor tissues of gastric cancer 
patients in comparison to that in adjacent healthy tissues, and an inverse correlation between 
the expression levels of PTCSC3 and AJCC stage was observed. LncRNA HULC (HULC) 
was upregulated in tumor and inversely correlated with PTCSC3 in tumor tissues. 
Overexpression of PTCSC3 mediated the inhibition of HULC, while overexpression of 
HULC also mediated the inhibition of PTCSC3. PTCSC3 inhibited, while HULC promoted 
invasion and migration of gastric cancer cells. In addition, overexpression of HULC atte
nuated the effects of overexpression of PTCSC3. However, overexpression of PTCSC3 
showed no significant effects on cell proliferation. We also found that PTCSC3/HULC 
affected each other to regulate cell invasion and migration through the Wnt/β-catenin 
signaling.
Conclusion: Therefore, overexpression of PTCSC3 inhibited the invasion and migration of 
gastric cancer cells, and the function of PTCSC3 is associated with HULC.
Keywords: gastric cancer, lncRNA PTCSC3, lncRNA HULC, migration, invasion

Introduction
Only a small portion of human genome encodes protein products. Most human 
genes produce functional RNA transcripts (non-coding RNAs) rather than encoding 
proteins.1 Genome-wide screens have identified large number of genes that tran
scribe ncRNAs.2 Long ncRNAs (lncRNAs) are a subgroup of ncRNAs >200 
nucleotides.3 It has been demonstrated that lncRNAs are critical players in cell 
development and differentiation.4 Studies on the functionality of lncRNAs in 
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human genes suggest that regulation of the expression of 
certain lncRNAs can be applied in the treatment of 
diseases.5,6 However, clinical applications of lncRNAs 
are still limited because of the unknown functions.

Gastric cancer is a common malignancy worldwide.7 

Treatment outcomes of gastric cancer have been improved 
with the development of surgical resection of primary 
tumors.8 However, survival of metastatic gastric cancer 
patients is still poor due to the lack of radical treatment.9

LncRNA PTCSC3 (PTCSC3) inhibits thyroid cancer and 
glioma. In thyroid cancer, PTCSC3 interacts with Wnt/beta- 
catenin signaling pathway to regulate cancer cell proliferation 
and invasion.10 In glioma, PTCSC3 affects chemosensitivity 
of cancer cells by interacting with the STAT3/INO80 
pathway.11 PTCSC3 has been reported to be involved in 
thyroid cancer, cervical carcinoma and glioma, while its 
roles in gastric cancer are unknown.10–13

Highly upregulated in liver cancer (HULC) is a lncRNA 
that has been demonstrated as an oncogene involved in 
many human cancers.14–16 It has been reported that HULC 
has a high expression level in gastric cancer17–19 and can 
promote the proliferation, migration and invasion of gastric 
cancer cells,20,21 suggesting that HULC plays an important 
role in pathogenesis of gastric cancer.

Based on our knowledge, there has been no previous 
report about the interaction between the two LncRNAs. 
In this study, we found that the expression of PTCSC3 
was altered in gastric cancer, and its expression was 
negatively correlated with the expression of HULC in 
tumor tissues by deep sequencing analysis. Based on 
these findings, we wonder whether the interaction 
between PTCSC3 and HULC involves in the pathogen
esis of gastric cancer, and we firstly investigate it 
accordingly.

Figure 1 PTCSC3 was downregulated with the increased clinical stages. RT-qPCR results showed that expression levels of papillary thyroid carcinoma susceptibility 
candidate 3 (PTCSC3) were significantly downregulated in tumor tissues than that in tumor-adjacent tissues (A). In addition, expression levels of PTCSC3 were decreased 
with the increase of clinical stages (B). qPCRs were repeated in three technical replicates and average values were presented (*p < 0.05).
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Materials and Methods
Research Subjects
Our study included 77 gastric cancer patients in The First 
Affiliated Hospital of Anhui Medical University from 
January 2016 to January 2018. Inclusion criteria: 1) gastric 
patients diagnosed by histopathological exam, which was 
performed by 3 experienced pathologists; 2) patients will
ing to participate in the study and signed written informed 
consent. Patients’ exclusion criteria: 1) patients with men
tal disorders; 2) patients who had been treated before 
admission; 3) patients who were complicated with other 
diseases. The 77 patients included 49 males and 28 
females, and the mean age was 43.4 ± 7.1 years old. 
According to AJCC (8th edition) staging, there were 16, 
19, 22 and 20 cases at stage I, II, III and IV, respectively. 
This study was approved by the First Affiliated Hospital of 
Anhui Medical University Ethics Committee.

Human Specimens and Cell Lines
Stomach biopsy was performed. Tumor and adjacent nor
mal tissues were also collected from each patient through 
biopsy. Human gastric cancer cell lines SNU-1 and AGS 
were used to perform all in vitro cell experiments. AGS 
and SNU-1 cells were purchased from ATCC (Manassas, 
VA, USA). Cells were cultivated with RPMI-1640 
Medium containing 10% fetal bovine serum (FBS), and 
cell culture conditions were 37°C and 5% CO2.

RT-qPCR
Trizol reagent (Invitrogen, USA) was used for the extrac
tion of total RNAs from tissues and cultivated cells. 
Synthesis of cDNA was achieved through reverse tran
scription. Applied Biosystems™ PowerUp™ SYBR™ 
Green Master Mix was used for the preparation of PCR 
reaction systems to detect the expression of PTCSC3 and 
HULC. LightCycler® 96 System (Roche Life Science) was 
used to carry out PCR. GAPDH was used as endogenous 
control. The expression levels of PTCSC3 and HULC 
were normalized to GAPDH using 2−ΔΔCT method.

Cell Transfections
PTCSC3 and HULC expression vectors were provided by 
GeneCopoeia (Guangzhou, China). SNU-1 and AGS cells 
were cultivated in RPMI-1640 Medium (10% FBS) at 37°C 
in a 5% CO2 incubator for overnight to reach 65–80% 
confluence before transfection. Lipofectamine 2000 reagent 
(Invitrogen, USA) was used for transient transfection with 
10 nM vectors. Cells with no transfection were used as the 
control cells. Transfection of empty vector was used as 
negative control. Cells were harvested at 24 h after transfec
tion for subsequent experiments.

CCK-8 Assay
SNU-1 and AGS cell lines were, respectively, collected at 24 h 
after transfection to prepare single cell suspensions (3×104 

cells/mL), and then added into a 96-well plate 1 (100 μL per 

Table 1 Association with PTCSC3 and the Clinical Pathological Characteristics of GC Patients

Group Cases High Low χ2 P value

Gender Male 49 24 25 0.27 0.60

Female 28 12 16

Age (years) >45 46 21 24 0.02 0.88

<45 31 15 16

Smoking habit Yes 40 18 22 0.31 0.58

No 37 19 18

Lauren classification Intestinal 43 23 20 0.56 0.45
Diffuse type 44 20 24

GC stage 9.71 0.02

Ⅰ 16 9 7
Ⅱ 19 9 10

III 22 9 13

Ⅳ 20 7 14

Note: For analysis of the association between PTCSC3 levels and clinical features, Pearson’s χ2 tests were used.
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well) incubated in 37C with 5% CO2. CCK-8 solution (10 μL; 
Sigma-Aldrich) was added at 4 h before the end of cell culture. 
Finally, optical density (OD) values at 450 nm were measured. 
Each experiment was repeated three times.

Transwell Assay
The effects of PTCSC3 and HULC expression vector trans
fections on cell migration and invasion were explored. 
Briefly, cells were mixed with serum-free ATCC-formulated 
RPMI-1640 Medium to prepare single cell suspensions and 
cell density was adjusted to 3×104 cells/mL. Cells were 
added into the upper chamber with 100 μL per well. Upper 
chamber was coated with Matrigel (356234, Millipore, USA) 
prior invasion assay. Lower chamber was added with RPMI- 
1640 Medium (20% FBS). Cells were cultivated for 13 h, 

followed by staining of upper chamber membranes with 
0.5% crystal violet at room temperature (Sigma-Aldrich, 
USA) for 15 min. Every test was performed for three times.

Wound Healing Assay
Cells were incubated in a six-well plate for 12 h, the cell layer 
was scratched with a sterile pipette tip and cultured in RPMI- 
1640 medium supplemented with 10% FBS for up to 24 h. 
The images of the cells were pictured under a microscope 
(Nikon, Japan). Every test was performed for three times.

Western Blotting
Cells were collected using analysis reagent (Beyotime) fol
lowing the manufacture’s instructions to extract total pro
teins. BAC kit (Beyotime) was used to quantify the protein. 

Figure 2 HULC was upregulated in tumor tissues and inversely correlated with PTCSC3. Data of RT-qPCR showed that expression levels of highly upregulated in liver 
cancer (HULC) were significantly upregulated in tumor tissues (A). qPCRs were repeated in three technical replicates and average values were presented (*p < 0.05). 
Pearson’s correlation coefficient showed that expression levels of PTCSC3 and HULC were significantly and inversely correlated in tumor tissues (B), but not in tumor- 
adjacent tissues (C).
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Protein samples were separated by 10% SDS-PAGE, and 
equal amount of protein was transferred onto PVDF mem
branes. Membranes were then incubated with primary anti
body (anti-β-catenin 1:500, abcam) at 4°C for 24 h. Then, the 
membranes were further incubated with secondary antibo
dies (1:1000) at room temperature for another 2 h. The bands 
were visualized by an ECL. GAPDH was used as internal 
control.

Statistical Analysis
Three biological replicates were included in each experi
ment. Comparisons among different cell treatment groups 
were performed using one-way ANOVA and Tukey’s test. 
Gene expression levels in paired tumor and adjacent nor
mal tissues were compared by paired t test. Correlations 
between PTCSC3 and HULC were analyzed by Pearson’s 
correlation coefficient. The 77 patients were divided into 
high (n = 34) and low (n = 33) PTCSC3 level groups with 
the median expression level of PTCSC3 in tumor tissues 
as a cutoff value. Associations between patients’ clinical 
data and the expression levels of PTCSC3 were analyzed 
by Chi-squared test. Differences with p < 0.05 were sta
tistically significant.

Results
PTCSC3 Was Downregulated with the 
Increased Clinical Stages
RT-qPCR results showed that the expression levels of 
PTCSC3 were significantly lower in tumor tissues in com
parison to that in tumor-adjacent healthy tissues in the 77 
gastric cancer patients (Figure 1A, p < 0.05). In addition, 
the expression levels of PTCSC3 were decreased with the 
increase of clinical stages (Figure 1B, p < 0.05). Chi- 
squared test (Table 1) showed that the expression levels 
of PTCSC3 in tumor tissues were closely associated with 
patients’ clinical stage (stage I–IV, p < 0.0001), but not 
age (> or ≤45 years old, p > 0.05), gender (male or female, 
p > 0.05), tumor differentiation (high or low, p > 0.05), 
Lauren classification (intestinal or diffuse type, p > 0.05) 
and smoking habit (yes or no, p > 0.05).

HULC Was Upregulated and Inversely 
Correlated with PTCSC3 in Tumor
HULC was significantly upregulated in tumor tissues 
compared with that in tumor-adjacent healthy tissues in 
the 77 gastric cancer patients (Figure 2A, p < 0.05). 
Results of Pearson’s correlation coefficient indicated that 

Figure 3 PTCSC3 and HULC negatively affected each other in gastric cancer cells. Overexpression of PTCSC3 and HULC in cells of SNU-1 and AGS cell lines were 
achieved at 24 h after transfection (A). In addition, overexpression of PTCSC3 resulted in inhibited the expression of HULC (B), and overexpression of HULC also 
mediated the inhibition of PTCSC3 (C). Experiments were performed in three independent replicates and mean ± SD values were presented (*p < 0.05).
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PTCSC3 and HULC were inversely and significantly 
correlated in tumor tissues (Figure 2B), but not in 
tumor-adjacent tissues (Figure 2C).

PTCSC3 and HULC Negatively Affected 
Each Other
The inverse correlation between PTCSC3 and HULC in 
tumor tissues of patients indicated the potential interactions 
between these two lncRNAs in gastric cancer. 
Overexpression of PTCSC3 and HULC in SNU-1 and AGS 
cells were achieved (Figure 3A, p < 0.05). Compared with 
negative control (NC) and control (C) groups, overexpres
sion of PTCSC3 resulted in inhibited expression of HULC 
(Figure 3B, p < 0.05). Overexpression of HULC also 
mediated the inhibition of PTCSC3 (Figure 3C, p < 0.05).

Overexpression of PTCSC3 Inhibited 
Gastric Cancer Cell Migration and 
Invasion, but Not Proliferation Through 
HULC
Compared with C and NC groups, overexpression of 
PTCSC3 resulted in reduced migration and invasion of 
gastric cancer cell, while overexpression of HULC 
mediated inversely (Figure 4) (p < 0.05). Moreover, over
expression of HULC reduced the effects of overexpression 
of PTCSC3 (p < 0.05). However, overexpression of 
PTCSC3 did not affect cell proliferation (Figure S1).

PTCSC3/HULC Affected Each Other to 
Regulate Cell Invasion and Migration by 
Wnt/β-Catenin Signaling
To evaluate the relationship between PTCSC3 and HULC, 
Western blotting assay was used to predict that HULC 
with PTCSC3 could regulate cell invasion and migration 
through Wnt/β-catenin pathway (Figure 5). It showed that 
overexpression of PTCSC3 inhibited the expression of β- 
catenin while HULC reversed the effect. And silencing of 
HULC increased the expression levels of β-catenin. These 
results suggested that PTCSC3/HULC via Wnt/β-catenin 
pathway to mediate cell migration and invasion.

Discussion
The application of regulating the expression of lncRNAs 
in the treatment of gastric cancer is challenged by their 
obscure functions. Our study reported that PTCSC3 was 
downregulated in gastric cancer, and overexpression of 

PTCSC3 may inhibit gastric cancer. The actions of 
PTCSC3 in gastric cancer are likely mediated by its nega
tive interactions with HULC through Wnt/β-catenin 
pathway.

HULC is a well-characterized oncogenic lncRNA in 
cancers.22 Inhibition of HULC can serve as a therapeutic 
target for cancer by regulating cancer cell behaviors and 
increasing chemosensitivity.23,24 In the development of 
gastric cancer, HULC was upregulated and resulted in 
promoted cancer cell migration, proliferation and 
invasion.25 In our study, significantly upregulated expres
sion of HULC in tumor tissues of gastric cancer patients 
was observed. In addition, our in vitro cell migration and 
invasion assay data also suggested that HULC positively 
regulated the invasion and migration of gastric cancer 
cells. Our study further confirmed the oncogenic role of 
HULC in gastric cancer.

LncRNAs participate in cancer biology by regulating 
downstream oncogenic or tumor suppression pathways.26 

LncRNAs can also interact with other ncRNAs, such as 
miRNAs to exert their functions in cancer development.27 

However, reports on the interactions between lncRNAs are 
limited. To the best of our knowledge, there was no 
research in studying the interaction between PTCSC3 
and HULC in gastric cancer. This study explored the 
interactions between two lncRNAs, which is novel. In 
the present study, we showed that PTCSC3 was likely a 
tumor suppressor in gastric cancer, and its roles in gastric 
cancer are likely to mediate cancer cell migration and 
invasion. Moreover, the regulatory roles of PTCSC3 are 
possibly achieved through the negative feedback regula
tion with HULC. This finding enriched our understandings 
on gastric cancer. Briefly, HULC promotes cell prolifera
tion of different kinds of tumor cells.25,28,29 For instance, 
overexpression of HULC promotes cell proliferation in 
lung cancer by upregulating sphingosine kinase 1.19 In 
contrast, knockdown of HULC resulted in the decreased 
proliferation of both osteosarcoma and hepatocellular car
cinoma cancer cells.20,21 Similarly, we also found that 
HULC promotes gastric cancer cell proliferation (data 
shown in supplementary Figure S1). Interestingly, in this 
study, overexpression of PTCSC3 did not affect gastric 
cancer proliferation (data shown in supplementary 
Figure S1). Therefore, PTCSC3 may interact with multiple 
factors to achieve regulation on gastric cancer cell beha
viors. This hypothesis was also further supported by our 
finding that HULC overexpression only partially reversed 
the effects of PTCSC3 overexpression on cancer cell 
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migration and invasion. Studies have reported that 
PTCSC3 and HULU do not affect lung tumor tissue.20,30 

In our study, we further demonstrated that PTCSC3 and 
HULC were significantly and inversely correlated only in 

tumor tissues but not in tumor-adjacent tissues. We also 
demonstrated that PTCSC3/HULC affected each other by 
Wnt/β-catenin to effect tumor cell behaviors. Therefore, 
the interaction between PTCSC3 and HULC is likely 

Figure 4 Overexpression of PTCSC3 inhibited gastric cancer cell migration and invasion, but not proliferation through HULC. Overexpression of PTCSC3 resulted in 
inhibited, while overexpression of HULC led to promoted invasion (A) and migration (B) of cells of gastric cancer cell lines. In addition, overexpression of HULC attenuated 
the effects of overexpression of PTCSC3. Experiments were performed in three independent replicates and mean ± SD values were presented. Error bar = 100 μm 
(*p < 0.05).
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mediated by certain pathological factors. Future studies are 
still needed to identify these factors.

Conclusions
In conclusion, PTCSC3 inhibits gastric cancer invasion 
and migration. The function of PTCSC3 is associated 
with HULC and regulated Wnt/β-catenin pathway. 
Overexpression of PTCSC3 may be a therapeutic target 
of gastric cancer by negatively interacting with HULC.

Disclosure
The authors declare that they have no competing interests 
for this work.
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