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Background: We aimed to evaluate the role of long non-coding RNA (LncRNA) gastric carcinoma 
proliferation-enhancing transcript 1 (GHET1) on thyroid cancer (TC) behavior in vitro. 
Methods: TC tissues and paired adjacent normal tissues were obtained after surgical excision from  
43 patients with TC. The expression of LncRNA GHET1 was analyzed by real-time (RT) PCR. Human 
papillary thyroid cancer cell lines (TPC-1, BCPAP) were used to examine the role of LncRNA GHET1 in 
vitro. Cell proliferation was determined by CCK8 and cell colony formation assays. Transwell and wound-
healing assays were used to detect the invasion and migration of thyroid cancer cells. 
Results: Our results showed that LncRNA GHET1 was significantly more upregulated in TC tissues 
than in adjacent normal tissues. LncRNA GHET1 was also increased in thyroid cancer cell lines compared 
to normal thyroid cell lines. The upregulation of LncRNA GHET1 was significantly associated with 
tumor invasion, gender, and lymph node metastasis in patients with thyroid cancer. The in vitro studies 
showed that silencing LncRNA GHET1 in BCPAP cells inhibited cell proliferation, cell invasion, and 
migration. Silencing of LncRNA GHETI also promoted the cell apoptotic rate, caused an increase in 
the cell population at the G0/G1 phase, and decreased the cell population at the S phase. In contrast, the 
overexpression of LncRNA GHET1 promoted cell proliferation, invasion, and migration, inhibited cell 
apoptosis, and increased cell population at the S phase in TPC cells. 
Conclusions: LncRNA GHET1 dysregulation might be involved in the carcinogenesis of thyroid cancer. 
LncRNA GHET1 could be used as a potential molecular marker and molecular target for TC.
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Introduction

The incidence of thyroid carcinoma (TC), which usually 
originates from follicular or parafollicular thyroid cells, 
has shown a rapid increase over the past two decades (1,2). 

The number of global deaths from TC has increased 
from 24,000 in 1990 to 36,000 in 2010 (3). In addition, 
the age at onset has drastically decreased (4). Although 
papillary thyroid carcinoma (PTC) exhibits a satisfactory 
outcome after  surgery or  radioiodine treatment, 
approximately 15% of patients relapse and acquire distant 
metastases (5). In addition, the underlying molecular 
mechanisms involved in TC carcinogenesis are still not fully 
understood.

Long noncoding RNAs (LncRNAs) are transcribed 
RNAs, more than 200 nucleotides in length, that do not 
translate proteins (6). LncRNAs have been linked to every 
stage of cell life, including cell proliferation, differentiation, 
apoptosis, and cell motility (7). A global network-based 
strategy, BiRWLGO, is a relatively efficient method used 
to predict the functions of LncRNAs (8). A number of 
studies have demonstrated that dysregulated LncRNAs are 
associated with the tumorigenesis and progression of human 
cancers (5,6,9,10). Among the cancer-related LncRNAs, 
gastric carcinoma proliferation-enhancing transcript 1 
(GHET1) exhibits high efficiency, stability, and specificity 
and shows great promise in the treatment of cancer (11). 
GHET1 is highly expressed in diverse malignancies. 
Furthermore,  GHET1 performs key functions in 
carcinogenesis and progression, suggesting that GHET1 
is expected to be a prospective biomarker or therapeutic 
target for cancers. The GHET1 gene was first identified by 
Yang et al. (12) in gastric cancer tissues in 2014; it contains 
1,913 nucleotides and is located at chromosome 7q36.1. 
LncRNA GHET1 has been closely correlated with tumor 
size, invasion, and migration (13). Li et al. have proved that 
LncRNA GHET1 plays an important role in regulating 
osteoblast differentiation and proliferation, which may be 
mentioned by the PTEN signaling pathway (14). LncRNA 
GHET1 functions as an oncogene in several cancers, yet its 
role in thyroid cancer has not been investigated to date (15).

This study aimed to examine the biological role of LncRNA 
GHET1 in thyroid cancer. We present the following article in 
accordance with the MDAR reporting checklist (available at 
https://dx.doi.org/10.21037/tcr-21-1615).

Methods

Clinical patient data and tissue samples

A total of 43 patients with TC treated at the Hebei 
Provincial Tumor Hospital between January 2018 and 
May 2019 were enrolled in the present study. None of 
the subjects received radiation or chemotherapy therapy 
before surgery. All normal tissues and paired TC tissues 
were obtained from thyroidectomy. After surgery resection, 
the tumor tissues and adjacent normal tissues were kept in 
RNAlater Stabilization Solution, after which samples were 
stored at 4 ℃ overnight and then below −80 ℃ until further 
use. Adjacent normal tissues were taken >3 cm from the 
cancer tissues.

All patients provided informed written consent, and 
this study was approved by the Ethics Committee of the 
Hebei Provincial Tumor Hospital (Ethics Review Number: 
2020KS017). All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013).

Cell culture

The human thyroid cancer cell lines (TPC-1, BCPAP) and 
the normal thyroid cell line (Nthy-ori3-1) were provided by 
Shanghai Zhong Qiao Xin Zhou Biotechnology Company. 
All cells were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM; Thermo Fisher Scientific, Waltham, 
MA, USA) supplemented with 10% fetal bovine serum 
(FBS) and 1% penicillin/streptomycin (all from Gibco; 
Thermo Fisher Scientific, Inc.) at 37 ℃ in a humidified 
incubator with 5% CO2. Nthy-ori3-1 is the normal control.

Cell transfection with plasmid and small interfering RNAs

LncRNA GHET1 was knocked down by specific small 
interfering RNAs. The siRNAs for GHET1 (si-GHET#1: 
5 ’ -GAGAAAUAGUCUGUGUUGCCCUGAA-3 ’ 
and si-GHET1#2: 5’-CGGCAGGCAUUAGAGAUG
AACAGCA-3’) and the scrambled siRNA (si-NC; si-
NC, 5’-UUCUCCGAACGUGUCACGUTT-3’) were 
purchased from RiboBio (Guangzhou, China). The 
LncRNA GHET1 overexpression plasmid was constructed 
by inserting the amplified LncRNA GHET1 cDNA into a 
pcDNA3.1 vector obtained from GenePharma (Shanghai, 
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China).
The TPC and BCPAP cells were grown in six-well 

plates until they reached 70% confluence. The cells 
were then transfected with plasmids using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) and FuGENE 
HD Transfection Reagent (Promega Corporation, USA) 
according to the manufacturer’s instructions. The expression 
of LncRNA GHET1 was detected by real-time PCR.

qRT-PCR

The RNAs obtained from the thyroid cancer cells 
were extracted using TRIzol reagent (Thermo Fisher 
Scientific, Inc., USA). Subsequently, the RNA was reverse 
transcribed into complementary DNA (cDNA) using a 
Reverse Transcription System kit (Promega Corporation, 
USA). Then, qPCR was performed with an ABI 7300 
Real-Time PCR System (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) by applying a Power SYBR Green 
Master Mix Kit (Thermo Fisher Scientific Inc, Waltham, 
MA, USA). GAPDH was used as the reference. The 
calculation of gene expressions was based on the 2−ΔΔCt 

method. The primers for LncRNA GHET1 were as 
follows: forward 5’-TTCCCAACACCCTATAAGAT-3’ 
and reverse  5 ’-CCCCACAAATGAAGACACT-3’ . 
The primers for GAPDH were as follows: forward 
5’-TTCTAGACGGCAGGTCAGG-3’ and reverse 
5’-ACCCAGAAGACTGTGGATGG-3’.

Cell counting kit-8 (CCK-8) assay

The cell viability was examined using a Cell Counting Kit-8 
(CCK8, R&S Biotechnology, Shanghai, China) reagent. In 
short, TPC and BCPAP cells were plated into 96-well plates 
(1×103/well). After 0, 24, 48, and 72 h, each well was mixed 
with a CCK-8 solution (10 μL) and incubated at 37 ℃ for 
an additional 2 h. A microplate absorbance reader (Bio-
Rad Laboratories, CA) was used to measure the absorbance 
(wavelength: 450 nm).

Cell colony formation assay

For the colony formation assay, TPC and BCPAP cells 
were seeded into 6-well plates. The cell density was  
200 cells/well. The cells were then transfected with either 
si-GHET1#2, si-NC, pcDNA-GHET1, or pcDNA and 
cultured for 14 days in a DMEM medium containing 
10% FBS. The medium was replaced with fresh medium 

every 3 days. The si-NC and the pcDNA are the normal 
control for each experiment. Cells were then fixed with 4% 
paraformaldehyde and stained with 1% crystal violet for 20 
min, after which the colonies were measured.

Transwell assay

After transfection, TPC and BCPAP cells were cultured in 
a serum-free culture medium for 2 days. For the migration 
assay, the cells were placed in a higher chamber of the insert 
(Millipore, USA). The pore size was 8 μm. The cells were 
then transfected with either si-NC, si-GHET1#2, pcDNA, 
or pcDNA-GHET1. The different groups of cells were 
collected and suspended in a non-bovine serum medium. 
The cell density was 2×105 cells/mL. Subsequently, 200 μL  
of the suspended cell solution was added to the upper 
chamber of the transwell membrane, while the media with 
10% FBS was added to the lower chamber. After 24 h, the 
non-migrating cells were removed with a cotton swab, and 
4% paraformaldehyde was used to fix the migrating cells, 
which were stained with 0.1% crystal violet for twenty min 
at 25 ℃. The migrated cells were counted in five random 
visual fields and then imaged using a light microscope 
(Olympus Corporation, Japan). The invasion assay was 
performed according to the same method used for the 
migration assay except that the Transwell insert chambers 
were coated with Matrigel (BD Biosciences).

Wound-healing assays

The TPC and BCPAP cells were seeded in different plates. 
Then the cells were transfected with pcDNA and pcDNA-
GHET1. After 6 h, a scratch was made in the plates using 
a 10-µL pipette tip held perpendicular to the plane. The 
residual cells were washed with PBS 3–5 times, and the 
culture medium was replaced. The cells in the different 
groups were observed and photographed at 0 and 48 h using 
a microscope. Remodeling was measured as the diminishing 
distance across the induced injury, normalized to the 0 h  
control, and expressed as the relative migration. The 
experiment was repeated three times, and the average value 
was taken.

Flow cytometry

Cell apoptosis
The TPC and BCPAP cells were washed twice using PBS 
adjusted to a concentration gradient of 1×106/mL. Then, 
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a total amount of 100 µL cell suspension was transferred 
to a 5-mL flow tube, followed by the respective additions 
of 10 µL of propidium iodide (PI) (BD Biosciences, USA) 
and 5 µL of annexin V-FITC and then gently agitated. The 
cells were incubated at 25 ℃ for 15 min. Before the flow 
cytometry analysis (FC500 type; Beckman Coulter), 400 µL 
of binding buffer was added. This experiment was run in 
triplicate.

Cell cycle
The TPC and BCPAP cells were washed three times with 
PBS before being fixed in 70% ice-cold ethanol at 4 ℃ for 
6 h. Then the ethanol was removed. The cells were cleaned 
with PBS and then digested using RNAse. Subsequently,  
50 μg/mL propidium iodide was added to the cell 

suspension. DNA staining was performed for 30 min, and 
then the distribution of DNA content was analyzed by flow 
cytometry. Multicycle AV software was used to calculate the 
percentage of each cell cycle phase. This experiment was 
run in triplicate.

Statistical analysis

The data analysis was performed with SPSS 22.0 software 
(SPSS Inc., Chicago, IL, USA). The data are presented 
as the mean ± standard deviation and were analyzed using 
the Student’s t-test (for two-group comparisons) or one-
way ANOVA (for multiple group comparisons). A Chi-
square test was used to analyze the association between the 
GHET1 expression and clinicopathological parameters. 
All statistical tests were two-sided, and a P value ≤0.05 was 
considered statistically significant.

Results

LncRNA GHET1 is overexpressed in TC tissues and is 
associated with clinicopathological features

The age range of the 43 thyroid cancer patients was  
13–64 years, with a median age of 37 years (21 patients were 
>40 years old, and 22 patients were <37 years old). There 
were 27 cases of T1–T2 and 16 cases of T3–T4. Forty-
two patients had PTC, and one case had medullary thyroid 
carcinoma; lymph node metastasis was found in 19 cases, 
while the remaining cases [24] were without lymph node 
metastasis. Table 1 shows the clinical information for all 
patients.

We evaluated the association between clinicopathological 
features and LncRNA GHET1 expression levels in TC 
tissues. As shown in Table 1, a high expression of LncRNA 
GHET1 was significantly correlated with tumor invasion 
(P=0.016), gender (P=0.046), and lymph node metastasis 
(P=0.019).

QRT-PCR analyses revealed that LncRNA GHET1 
expression was significantly upregulated in TC tissues 
compared with adjacent normal tissues (P<0.01, Figure 1A).  
LncRNA GHET1 expression was assessed in the TC 
cell lines (TPC and BCPAP) and the normal thyroid cell 
line (Nthy-ori3-1). LncRNA GHET1 expression was 
significantly higher in the TC cell lines than in the normal 
thyroid cell line (P<0.01, Figure 1B). Moreover, LncRNA 
GHET1 expression was relatively higher in BCPAP cells. 
Consequently, we chose BCPAP cells for transfection with 

Table 1 Clinical characteristics

Variable

GHET1 expression

χ2 P 
valueLow  

expression
High  

expression

Age (years) 0.007 0.933

<55 16 17

≥55 5 5

Gender 3.995 0.046

Male 6 1

Female 16 20

Tumor number 0.573 0.449

Solitary 16 13

Multiple 6 8

Tumor size (cm) 0.77 0.781

<1 13 15

≥1 5 7

Tumor invasion  
(TNM stage)

5.795 0.016

T1–T2 17 10

T3–T4 4 12

Lymph node  
metastasis

5.464 0.019

N0 12 12

N1 3 16

GHET1, gastric carcinoma proliferation-enhancing transcript 1; 
TNM, tumor, node, metastasis.
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Figure 1 LncRNA GHET1’s expression in tissues thyroid cancer cell lines and. (A) QRT-PCR results showing the expression of LncRNA 
GHET1 in the TC tissues and adjacent non-tumor tissues of 43 thyroid cancer patients. (B) Expression of LncRNA GHET1 in two thyroid 
cancer cell lines (TPC, BCPAP) and normal human thyroid cell line (Nthy-ori3-1) detected by qRT-PCR. Data are presented as mean ± SD. 
**, P<0.0001 vs. respective controls.

siNC and siGHET1.

Silencing LncRNA GHET1 suppresses TC cell 
proliferation, invasion and migration, and promotes cell 
apoptosis and cell cycle arrest in vitro

To evaluate the effects of LncRNA GHET1 knockdown 
in TC cells, we transfected BCPAP cells with si-NC, si-
GHET1#1, and si-GHET1#2. QRT-PCR results showed 
that after transfection with si-GHET1# and si-GHET1#2, 
the expression of LncRNA GHET1 was significantly 
downregulated in BCPAP cells (P<0.01) compared to those 
transfected with si-NC (Figure 2A). As si-GHET1#2 had 
more profound effects on suppressing LncRNA GHET1 
expression, si-GHET1#2 was used for further experiments.

The proliferation rates of the BCPAP cells transfected 
with either non-specific siRNA or si-GHET1 were 
measured by a CCK-8 assay. The CCK-8 assay revealed that, 
compared with the NC groups, knockdown of LncRNA 
GHET1 suppressed BCPAP cell proliferation at 24, 48, and 
72 h post-transfection (all P<0.05; Figure 2B). Furthermore, 
LncRNA GHET1 knockdown also markedly suppressed 
the number of colonies in BCPAP cells (Figure 2C).  
To sum up, silencing LncRNA GHET1 could suppress the 
proliferation of thyroid cancer.

Next, by using flow cytometry, we verified the effect of 
LncRNA GHET1 on cell cycle and apoptosis in thyroid 
cancer cells. Results showed that LncRNA GHET1 
knockdown in thyroid cancer cell lines increased the 
percentage of apoptotic cells compared to the normal group 
(P<0.05, Figure 2D). In the cell cycle analysis, LncRNA 
GHET1 downregulation in BCPAP cells increased the cell 

population at the G0/G1 phase (P<0.05) and decreased the 
cell population at the S phase (P<0.05, Figure 2E). These 
data further suggested that silencing LncRNA GHET1 
could induce cell cycle arrest in vitro and promote apoptosis.

Furthermore, we determined the role of LncRNA 
GHET1 on TC cell migration and invasion by using 
Transwell analyses. Transwell assay revealed that the 
number of invasive BCPAP cells was significantly lower in 
the si-GHET1#2 groups than in the NC groups (P<0.05, 
Figure 2F). These results showed that silencing LncRNA 
GHET1 could suppress the migration and invasion of 
thyroid cancer cells.

Overexpression of LncRNA GHET1 promotes TC 
cell invasion, migration, proliferation, and cell cycle 
progression and inhibits cell apoptosis

To study the overexpression effects of LncRNA GHET1 
in TC cells, we used TPC cell lines and transfected them 
with pcDNA-GHET1 and pcDNA. The transfection with 
pcDNA-GHET1 increased LncRNA GHET1 expression 
in TPC cells (P<0.05, Figure 3A). The overexpression 
of LncRNA GHET1 significantly promoted TPC cell 
proliferation (P<0.05, Figure 3B). Similarly, colony 
formation showed that LncRNA GHET1 overexpression 
increased the number of colonies (P<0.05, Figure 3C). Flow 
cytometry showed that overexpression of LncRNA GHET1 
significantly decreased cell population at the G0/G1 phase, 
suppressed cell apoptosis, and increased cell population at 
the S phase (Figure 3D,3E). Furthermore, the Transwell 
assay results showed that LncRNA GHET1 overexpression 
dramatically increased the migratory and invasive abilities 
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of TPC cells (P<0.05, Figure 3F). Wound-healing assays 
showed that the wound healing rate was markedly inhibited 
in the control groups (all P<0.05, Figure 3G).

Discussion

LncRNAs may act either as tumor suppressor genes or 
oncogenes. LncRNAs have multiple target genes, and their 
role in tumor growth and differentiation may vary among 

individuals and organs (16). The activities of LncRNAs 
can be associated with miRNAs; LncRNAs may be the 
precursors of miRNAs (2,17,18).

LncRNA GHET1 has been considered a promising 
oncogenic LncRNA owing to its high stability, efficiency, 
and specificity in various types of human cancer. A recent 
study indicated that an increased LncRNA GHET1 
expression level is associated with poor OS, tumor 
progression, and TNM stage in patients with multiple 

Figure 2 The effects of LncRNA GHET1 knockdown on BCPAP cell migration , apoptosis, , invasion cell cycle, and proliferation. (A) 
QRT-PCR results showing LncRNA GHET1 expression in BCPAP cells transfected with si-NC, si-GHET1#1, and si-GHET#2. (B) CCK-
8 showing the influence of LncRNA GHET1 knockdown on BCPAP cell proliferation. (C) Colony formation assay results showing the 
influence of LncRNA GHET1 knockdown on BCPAP proliferation. Crystal violet staining. (D) Cell apoptosis and (E) cell cycle determined 
by flow cytometry. (F) The Transwell assay showing the influence of LncRNA GHET1 knockdown on BCPAP cell invasion. Crystal violet 
staining, ×200. **, P<0.05.
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Figure 3 The influence of LncRNA GHET1 overexpression on TPC cell cell migration, apoptosis, , invasion cell cycle, and proliferation. 
(A) QRT-PCR results showing LncRNA GHET1 in TPC cells transfected with GHET1-overexpressing plasmid (pcDNA-GHET1) 
or GHET1-overexpressing plasmid (pcDNA-GHET1) pcDNA3.1 (pcDNA). (B) CCK-8 showing the influence of LncRNA GHET1 
overexpression on TPC cell proliferation. (C) Colony formation assay results showing the effect of LncRNA GHET1 overexpression on 
the colony formation ability of TPC cells. Crystal violet staining. (D) Cell apoptosis and (E) cell cycle in TPC cells determined by flow 
cytometry. (F) Transwell showing the effect of LncRNA GHET1 overexpression on TPC cell invasion. Crystal violet staining, ×200. (G) 
Wound-healing assay results demonstrating wound-healing rates in the overexpression groups and control groups in TPC cells. Crystal 
violet staining, ×100. The data in vitro are on behalf of three independent experiments and expressed as the mean ± SD. **, P<0.05.
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tumors and may serve as a useful prognostic biomarker 
in Chinese cancer patients (19). In addition, an elevated 
LncRNA GHET1 expression has been significantly 
related to a more advanced clinical stage, earlier lymph 
node metastasis, earlier distant metastasis, and larger 
tumor size (20). Moreover, LncRNA GHET1 has been 
revealed to have a novel role in head and neck tumors (18).  
The results showed that LncRNA GHET1 might represent 
a new therapeutic target (21). LncRNA GHET1 also 
has a vital role in the development of pre-eclampsia; 
LncRNA GHET1 overexpression improved pre-eclampsia 
by suppressing E-cadherin and stimulating vimentin 
and fibronectin (22). Also, increased LncRNA GHET1 
expression has been found in bladder cancer and has been 
associated with tumor TNM status, poor survival rates, 
and tumor size (23). LncRNA GHET1 may also act as an 
oncogenic LncRNA in cervical cancer (24). Furthermore, 
several studies have reported that LncRNA GHET1 may 
predict poor prognosis in carcinomas, including gastric 
cancer (17,25,26), bladder tumor (27), colorectal tumor (28),  
hepatocellular cancer (29,30), esophageal cancer (31), 
osteosarcoma (32), non-small cell lung tumor (33,34), 
head and neck tumor (21), breast tumor (35), and prostate  
cancer (36). However, the correlation between LncRNA 
GHET1 and thyroid cancer remains unclear.

In our previous research, we reported that LncRNA 
GHET1 might be a target in initial TC progression. This 
study showed that LncRNA GHET1 was upregulated in 
thyroid cancer tissues and cell lines. Increased LncRNA 
GHET1 expression was significantly associated with 
TNM stage, lymph node metastasis, and poor outcomes in 
TC patients. Moreover, silencing LncRNA GHET1 can 
suppress the proliferation, migration, and invasion of human 
TPC and BCPAP cells and promote cell apoptosis in vitro.

In hepatocellular tumors, LncRNA GHET1 silencing 
has been shown to suppress the proliferation, invasion, 
migration, and EMT of HepG2 and SMMC-7721 cell 
lines in vitro (29). In pancreatic cancer, inhibiting the 
expression of LncRNA GHET1 inhibited the proliferation 
capacity, promoted apoptosis, and stopped the cell cycle 
in the G0/G1 phase (11). In this study, we proved that 
LncRNA GHET1 is overexpressed in PTC cell lines (TPC 
and BCPAP cells) and that silencing LncRNA GHET1 
inhibited the invasion, migration, and proliferation 
of thyroid cells in vitro. Furthermore, to ascertain the 
molecular mechanism, we performed flow cytometry 
experiments that demonstrated LncRNA GHET1 silencing 
induced cell cycle arrest and promoted apoptosis in thyroid 

cancer cells in vitro.
The present study provides proof that upregulated 

LncRNA GHET1 promotes the progression of TC by 
promoting the proliferation and migration of thyroid cancer 
cells. Our analysis established that a high LncRNA GHET1 
expression was significantly associated with TNM stage and 
lymph node metastasis. However, further studies are needed 
to verify these results and reveal the underlying molecular 
mechanism of LncRNA GHET1 in thyroid cancer. Besides 
some experiments in vivo should be increased. Papillary 
thyroid cancer is known to have a good prognosis. Our 
study subjects have a very good prognosis. More studies 
about the prognostic value of LncRNA GHET1 in thyroid 
cancer are needed. In addition, LncRNA GHET1 has 
remarkable tumor specificity and decreased systemic 
toxicity compared with cytotoxic chemotherapy. Therefore, 
LncRNA GHET1 could be used as a potential and viable 
therapeutic target.

In this study, we investigated the role of LncRNA 
GHET1 in thyroid cancer. This study demonstrated for the 
first time that LncRNA GHET1 expression was upregulated 
in thyroid cancer tissues. These results indicate that 
LncRNA GHET1 affects the progression of thyroid cancer.

In conclusion, this study found that LncRNA GHET1 
is a promoting tumor factor in thyroid cancer. The 
knockdown of LncRNA GHET1 can suppress the 
biological activity of TPC and BCPAP thyroid cancer cell 
lines. These results suggest that LncRNA GHET1 could 
be used as a molecular marker of thyroid cancer progression 
and a molecular target for therapy.
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