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Introduction

Thyroid carcinoma is a common malignancy in the 
endocrine system that develops from the epithelial cells 
of the thyroid. The incidence of thyroid cancer is steadily 
rising worldwide. Thyroid cancers are mainly classified 
into papillary thyroid carcinoma (PTC), follicular thyroid 
carcinoma (FTC), medullary thyroid carcinoma, and 
undifferentiated thyroid carcinoma. PTC is among 
the differentiated thyroid carcinomas (DTCs) (1) and 

contributes most to the increased incidence of thyroid 
cancer. Although PTC generally is an indolent malignancy 
with favorable outcomes, PTC commonly invades the 
lymph nodes, with a frequency ranging from 30–80% of 
patients (2), and approximately 10% of PTC cases advance 
to dedifferentiated PTC, which is associated with a poor 
prognosis and high rate of early death (3). Therefore, a 
better understanding of the molecular mechanisms of 
PTC is still needed for the development of therapeutic 
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interventions for PTC.
A number of genetic abnormalities as well as a few 

major signaling pathways have been found to be involved 
in tumorigenesis of PTC (4). It has also been proposed 
that reactivation of some pathways, such as epithelial to 
mesenchymal transition, change in microenvironment, and 
oncogenes of the thyroid, BRAF, RET/PTC, and Ras, may 
be involved in the tumorigenesis and migration of PTC (5-7).  
However, the molecular mechanisms of PTC remain 
unclear and need to be further investigated.

The oxidative stress response reflects an imbalance 
between the oxidation system and the anti-oxidation 
system caused by an excessive systemic manifestation 
of reactive oxygen species (ROS) following harmful 
stimuli over the body’s ability to detoxify the reactive 
intermediates, thus leading to damage of tissue. ROS are 
natural products of multiple intrinsic processes. Some 
scholars have suggested that oxidative stress is related to 
the origin and progression of tumors. Oxidative stress is 
generated when an imbalance occurs between systemic 
production of ROS and the biological detoxification 
processes. ROS include O2

–, H2O2, HO2
–, -OH and 

other active oxygen molecules (8). Persistent exposure to 
oxidative species brings about systemic disorders, such as 
autoimmunity, carcinogenesis, diabetes mellitus, obesity, 
neurodegeneration, and aging (9-13).

H2O2 is an essential substrate of thyroid peroxidase and 
a critical enzyme responsible for the synthesis of thyroid 
hormone, and it plays an important function in the synthesis 
of thyroid hormone and the physiological function of the 
thyroid (14,15). Under abnormal conditions, H2O2 can 
accumulate in the thyroid gland, and the thyroid is thus 
persistently exposed to a high concentration of H2O2 and 
the resultant ROS environment. With the oxidative stress 
response, oxidative DNA damage or gene hypomethylation 
can happen within the thyroid cells (16). Therefore, 
abnormalities in the redox reaction may be related to the 
occurrence and development of PTC.

Living organisms have evolved to possess multiple 
mechanisms  to  res i s t  ox idat ive  s t ress .  Cata lase , 
peroxiredoxin, and glutathione peroxidase (GPX) are three 
important enzyme families involved in ROS removal (17). 
The GPXs are the most important oxidoreductases in 
mammalian cells. The GPX family consists of eight GPXs, 
named GPX1–GPX8, among which GPX1–GPX4 and 
GPX6 are selenocysteine-containing, and GPX5, GPX7, 
and GPX8 were non-selenocysteine-containing (18,19). In 
general, selenocysteine-containing GPXs can reduce H2O2 

via catalytic reduction of glutathione (GSH) to reduce the 
oxidative stress response (17). The mechanisms of non-
selenocysteine-containing GPXs of peroxidase activity 
are controversial, because of the lack of a GSH-binding 
domain. GPX7 is mainly involved in maintaining the redox 
homeostasis of the body. Recent studies reported that the 
abnormal expression of GPX7 is related to the occurrence 
and development of a variety of tumors, including 
esophageal adenocarcinoma, breast cancer, hepatocellular 
carcinoma (HCC), and others (20-22), but the results 
in different tumors were not consistent. For example, 
Peng et al. (20) found that GPX7 expression is absent in 
esophageal adenocarcinoma cells, suggesting that GPX7 
may play a role in inhibiting the development of esophageal 
adenocarcinoma, and it may inhibit tumorigenesis through 
NF-κB signaling pathway. It was also reported that 
the function of GPX7 to inhibit tumorigenesis may be 
through the protective effect of oxidative stress (17). The 
Italian scholar Guerriero used immunohistochemistry 
and quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) to study the expression of GPX7 in 
HCC tissues. It was found that GPX7 was highly expressed 
in HCC tissues and the expression level in grade III HCC 
tissues was significantly higher than that in grade I–II. It 
suggested that the increase of GPX7 may play a role in the 
occurrence and development of HCC (22). However, the 
role of GPX7 in PTC has not been studied. Therefore, the 
present study was designed to uncover the role of GPX7 in 
PTC.

Methods

Ethical approval

This study was approved by the ethics committee of the 
Second Affiliated Hospital of Dalian Medical University. 
All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards.

Patients and PTC cell lines

Forty-four patients (30 with PTC and 14 with nodular 
goiter) treated in the Second Hospital of Dalian Medical 
University from January 2015 to September 2016 were 
selected for enrollment in the study. After the pathologic 
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diagnosis was clearly made by two senior pathologists who 
reviewed the pathological sections, patients with other 
malignancies and incomplete clinical data were excluded. 
The clinicopathological data of the included patients were 
extracted from the records and used for this study.

The human PTC cell lines K1 was purchased from the 
European Collection of Cell Cultures.

Immunohistochemistry

Immunohistochemistry was performed using the MaxVision 
method, and GPX7 expression was detected with GPX7 
polyclonal antibody (13501-1-AP, Wuhan San Ying 
Biotechnology Co., Ltd., Wuhan, China), secondary antibody 
and DAB (Beijing Zhongshan Gold Bridge Biotechnology 
Co., Ltd., Beijing, China) (Table 1). The positive signal 
for GPX7 expression in the cytoplasm was quantified by 
randomly observing five high power fields for each case and 
grading according to the percentage of stained cells and 
staining intensity. The expression level of GPX7 for a patient 
was scored according to the percentage of positive cells as 
follows: 0 for <10%, 1 for 11–25%, 2 for 26–50%, 3 for 51–
75%, and 4 for >75%. Staining intensity was scored as: 0 for 
no staining, 1 for light yellow, 2 for brownish yellow, and 3 
for brown. The final scores were generated by multiplication 

of the positive cell percentage score with the staining 
intensity score, resulting in final scores of: 0 for negative (–), 
1–4 for weak positive (+), 5–8 for moderate positive (++), and 
9–12 for strong positive (+++).

qRT-PCR

Total RNA was isolated from the K1 cell lines using 
the TRIzol reagent (Shanghai Pufei Biotech Co., Ltd., 
Shanghai, China) following the manufacturer’s instructions. 
Single-stranded cDNA was synthesized using 2 µg of total 
RNA from each sample as a template through reverse 
transcription (Table 2). GPX7 mRNA was detected by PCR 
using 1 µL of cDNA as the template and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as an internal standard. 
The primers used were as follows: GPX7 forward primer, 
5'-CGCACCTACAGTGTCTCATTC-3' and GPX7 
reverse primer, 5'-CAGGTACTTGAAGGCAGGATG-3'; 
GAPDH forward primer, 5'-TGA CTT CAA CAG CGA 
CAC CCA-3' and GAPDH reverse primer, 5'-CAC CCT 
GTT GCT GTA GCC AAA-3'. The PCR profile was: 
95 ℃ for 15 sec; 45 cycles of 95 ℃ for 5 sec and 60 ℃ for 
30 sec. The PCR amplicons of GPX7 and GAPDH were 
81 and 121 bp, respectively. All samples were tested in 
triplicate.

Table 1 Antibodies information of immunohistochemistry

Antibody name Antibody source Cat. no.

GPX7 polyclonal antibody Wuhan San Ying Biotechnology Co., Ltd. 13501-1-AP

Secondary antibody and DAB Beijing Zhongshan Gold Bridge Biotechnology Co., Ltd. 15102901

GPX7, glutathione peroxidase 7.

Table 2 Reagent and apparatus information of RT-PCR

Reagent name Reagent source Cat. no.

TRIzol Shanghai Pufei Biotech Co., Ltd. 3101-100

M-MLV Promega M1705

dNTPs Promega U1240

oligo dT Sangon Biotech (Shanghai) Co., Ltd. B0205

Rnase inhibitor Promega N2115

SYBR master mixture TAKARA DRR041B

Real time PCR apparatus Roche LightCycler480

RT-PCR, reverse transcription-polymerase chain reaction.
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Recombinant lentiviral vector preparation and cell 
infection

The DNA sequence (GCACCTACAGTGTCTCATT) 
complementary to the full-length GPX7 sequence (GenBank 
no. NM_015696) of GPX7 was designed by GeneChem 
Co., Ltd. (Shanghai, China). The oligonucleotides were 
synthesized and ligated into the lentivirus-based pGCSIL-
GFP (GeneChem Co., Ltd.) at AgeI/EcoRI sites (23).

For lentivirus infection, GPX7-siRNA-lentivirus or 
negative control (NC) lentivirus was added to K1 cells 
cultured in 6-well plates according to a multiplicity of 
infection (MOI). Infection efficiency was monitored 
through observing the cells under a fluorescence microscope 
(MicroPublisher 3.3RTV; Olympus, Tokyo, Japan) after 72 h 
of infection. GPX7 knockdown efficiency was determined by 
qRT-PCR using the cells harvested after an infection period 
of 120 h (Table 3).

Western blotting

The mixture of plasmid DNA and Lipofectamine 2000 was 
added to 293T cells and cultured in incubator containing 
5% CO2 at 37 ℃ for 6–8 h. Then the cells were transferred 
into fresh complete culture media containing 10% serum. 
After transfection for 36–48 h, the cells were collected, 

and total protein was extracted. An equal amount of total 
protein for each treatment was separated on 12.5% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis to 
Laemmli’s method (24) and transferred onto polyvinylidene 
difluoride membranes. Membranes were incubated with 
mouse anti-FLAG (Sigma, St. Louis, MO, USA) or anti-
GAPDH antibodies (Santa Cruz Biotechnology, Dallas, 
TX, USA), and horseradish peroxidase-conjugated goat 
anti-mouse IgG (Santa Cruz Biotechnology). Signals were 
developed using enhanced chemiluminescence reagent 
(ECL-Plus/Kit; Amersham, Piscataway, NJ, USA) (Table 4).

Celigo cell counting

For cell counting, 100 µL of cell suspension was plated 
into 96-well plates at a density of 2,000 cells/well in 
triplicate. Cells were cultured in a 5% CO2 incubator at 
37 ℃. From the second day after inoculation, the Celigo 
assay was carried out daily for 5 consecutive days. The cells 
with green fluorescence were counted at each scanning. 
The proliferation rate at each time point of the group was 
generated by calculating the ratio of the number of cells at 
each time point to the initial number of cells on the first day 
and used to plot the growth curve against the time points (25).

Flow cytometry

Cells were divided into two groups and cultured in 6-well 
plates to 70% confluence. The cells were re-suspended 
with trypsin and harvested into 5-mL centrifuge tubes 
in triplicate (number of cells ≥5×105/treatment) for each 
group. The suspension was then centrifuged at 1,000 g for 
5 min, the supernatant was discarded, and the cell pellets 
were washed with D-Hanks pre-cooled at 4 ℃ and then 
centrifuged at 1,000 g for 3 min. After the cell pellets were 
re-suspended in 200 µL binding buffer, 10 µL Annexin 
V-APC was mixed with the suspension to stain the cells 
at room temperature in darkness for 10–15 min. Another 
400–800 µL binding buffer was added before detection (26).

Caspase 3/7 assay

Cells were inoculated onto 96-well plates and cultured 
for 5 days at 37 ℃ in a CO2 incubator. After the cells 
were suspended and the cell suspension was adjusted to  
1×104 cells/mL at room temperature, both the target cells 
and the NC cells were added to new 96-well plates at  
100 µL per well. Then 100 µL of caspase-Glo reaction 

Table 3 Reagent information of recombinant lentiviral vector preparation

Reagent name Reagent source Cat. no.

AgeI NEB R3552L

EcoRI NEB R3101L

CutSmart buffer NEB B7204S

Polymerase Vazyme P201-D3

T4 DNA ligase Fermentas EL0016

TIANgel midi purification kit TIANGEN DP209-03

EndoFree maxi plasmid kit TIANGEN DP117

Table 4 Antibodies information of Western blotting

Antibody name Antibody source Cat. no.

Mouse anti-FLAG Sigma F1804

Mouse anti-GAPDH Santa Cruz sc-32233

Goat anti-mouse IgG Santa Cruz sc-2005

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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solution was added to each well. The mixture was shaken 
for 30 min at 400 g in a shaker, and then incubated at  
22 ℃ for 1.5 h. The signal was measured by microplate 
reader (M2009PR, Tecan Infinite, Switzerland) (27).

MTT assay

Cells in the exponential growth phase were digested with 
trypsin and re-suspended in complete media. The cells 
were inoculated onto 96-well plates at 2,000 cells/well 
in triplicate for each group and cultured for 5 days. The 
cells were transferred to five 96-well plates and incubated 
in a cell incubator. On the second day after plating,  
20 µL of 5 mg/mL MTT solution was delivered to each 
well 4 h before the culture was terminated. The medium 
was completely blotted, and formazan particles were 
dissolved by addition of 100 µL DMSO. The mixture was 
stirred on an oscillator for 2–5 min, and the optical density 

(OD) value was detected using a microplate reader at 
excitation/emission wavelengths of 490/570 nm (28).

Clone formation assay

Cells were inoculated onto 6-well plates at 800 cells/well 
in triplicate for each group. The cells were cultured in an 
incubator for 11 days with media changed and cells observed 
every 3 days. After the cell clones were photographed 
under a fluorescence microscope before termination of the 
experiment, the cells were washed once with phosphate-
buffered saline (PBS). After the cells were fixed in 1 mL of 
4% paraformaldehyde for 60 min, the cells were washed 
once with PBS and stained with 500 µL clean inclusion-free 
GIEMSA (AR-0752, Shanghai Dingguo Biotechnology Co., 
Ltd., Shanghai, China) for 20 min. The cells were washed 
with ddH2O several times, dried in air, and photographed 
using digital camera, and the cell clones were counted (29).

Statistical analysis

Statistical analysis was performed using Statistical software 
(IBM SPSS Statistics 20). mRNA expression values of the 
genes were analyzed via the 2–ΔCt method, and data are 
expressed as mean ± standard deviation. Student’s t-test was 
used to determine the significance of the differences in all 
tested parameters between the groups. P<0.05 was taken as 
statistically significant.

Results

The clinical information of PTC and nodular goiter group

From the comparison of the clinical information between 
PTC and nodular goiter group, it could be demonstrated 
that there was no statistical difference between the two 
groups except age (Table 5).

GPX7 Expression in PTC tissue and cell lines

The expression of GPX7 was detected in the PTC tissues 
and nodular goiters by immunohistochemistry. Our data 
demonstrated that GPX7 expression was localized in the 
cytoplasm of thyroid cells. The level of GPX7 expression 
was higher in PTC tissues than in the nodular goiter 
(Figure 1A). The positivity rate of GPX7 was 100.0% 
(mainly moderately to strongly positive) in the PTC group, 
while it was only 35.7% in the nodular goiter group (all 
weakly positive; Figure 1A, Table 6). According to the 

Table 5 The clinical information of PTC and nodular goiter group

Parameters PTC (n=30)
Nodular goiter 

(n=14)
F/t P

Gender, n (%) 2.065 0.307

Female 28 (93.3) 11 (78.6)

Male 2 (6.7) 3 (21.4)

Age, years 44.97±12.53 59.64±9.48 15.091 <0.001

T3 expression,  
n (%)

0.978 0.613

Normal 28 (93.3) 14 (100.0)

Elevate 1 (3.3) 0

Reduce 1 (3.3) 0

T4 expression,  
n (%)

1.502 0.472

Normal 27 (90.0) 14 (100.0)

Elevate 1 (3.3) 0

Reduce 2 (6.7) 0

TSH expression,  
n (%)

3.700 0.157

Normal 24 (80.0) 11 (78.6)

Elevate 4 (13.3) 0

Reduce 2 (6.7) 3 (21.4)

PTC, papillary thyroid carcinoma; TSH, thyroid-stimulating 
hormone.
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expression level of GPX7, PTC cases were divided into 
a high GPX7 expression (≥++) group (n=25) and a low 
GPX7 expression (+) group (n=5). The maximum tumor 
diameter (1.56±0.56 cm) of the high GXP7 expression 
group was significantly greater than that of the low GXP7 
expression group (0.56±0.13 cm, P<0.001). The other 
clinical pathological parameters showed no statistically 
significant differences between the groups (Table 7). The 
high expression of GPX7 in K1 cell lines was detected by 
real-time PCR (the relative mRNA level of GPX7 was  
1.02×10-4±1.45×10-5; Figure 1B).

Expression of GPX7 in K1 cells transfected with lentivirus 
generating GPX7 RNAi

To explore the potential roles of GPX7 in K1 cells, we 
knocked down GPX7 in K1 cells via lentivirus-mediated 
gene transfer. As indicated by the fluorescent signals, K1 
cells were infected by the recombinant lentivirus containing 
shRNA targeting GPX7 (shGPX7) or control shRNA (shCtrl) 
with high efficiency (Figure 2A). The mRNA level of GPX7 
was significantly lower in shGPX7-infected K1 cells than in 
shCtrl-transfected K1 cells (P<0.001; Figure 2B). The level 
of GPX7 protein expression also was dramatically reduced 

in shGPX7-infected cells compared with that in shCtrl-
transfected cells (Figure 2C). These results indicated that the 
recombinant lentivirus carrying shGPX7 could effectively 
down-regulate the expression of GPX7 in K1 cells.

Effects of GPX7 knockdown on cell proliferation and 
colony formation ability of K1 cells

To examine the influence of GPX7 on cell proliferation, 
we measured cell growth by Celigo cell counting, MTT 
assay, and cell clone formation in shCtrl- and shGPX7-
infected K1 cells. As shown in Figure 3A, the proliferation 
of shGPX7-infected K1 cells was significantly inhibited 
compared to that of shCtrl-infected K1 cells, as indicated 
by both cell counts and the proliferation rate (P<0.05). The 
MTT assay results indicated that the cell proliferation rate 
[presented as the ratio of OD490 value on day 5 to day 1] was 
significantly lower for the shGPX7-infected K1 cells than 
the shCtrl-infected K1 cells (3.081±0.160 vs. 4.897±0.091, 
P<0.05; Figure 3B,C,D,E). The number of clones was 
significantly lower in the shGPX7-infected K1 cell samples 
than in the shCtrl-infected K1 cell samples (283±6 vs. 
710±10, P<0.05; Figure 3F,G). These results demonstrated 
that down-regulation of GPX7 significantly inhibited the 
proliferation of K1 cells.

Table 6 Expression of GPX7 in the thyroid tissues

Group Scores (x± s)
Classification of GPX7 expression, n (%)

Positive rate (%)
– + ++ +++

PTC (n=30) 8.13±2.46 0 5 (16.7) 19 (63.3) 6 (20.0) 100.0

Nodular goiter (n=14) 1.07±1.59 9 (64.3) 5 (35.7) 0 0 35.7

GPX7, glutathione peroxidase 7; PTC, papillary thyroid carcinoma.

Figure 1 Expression of GPX7 in PTC tissue and cell lines. (A) Expression of GPX7 as detected by immunohistochemical staining in PTC 
and nodular goiter samples; (a) PTC group (×200); (b) PTC group (×400); (c) nodular goiter group (×200); (d) nodular goiter group (×400);  
(B) expression of GPX7 mRNA in different PTC cells. GPX7, glutathione peroxidase 7; PTC, papillary thyroid carcinoma.
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Figure 2 Expression of GPX7 in K1 cells after transfection with shGPX7. (A) Images of shCtrl- and shGPX7-infected K1 cells captured 
under fluorescence microscopy; left, bright field; right, fluorescence; (B) mRNA levels of GPX7 in shCtrl- and shGPX7-infected K1 cells;  
(C) protein levels of GPX7 in shCtrl- and shGPX7-infected K1 cells. **, P<0.001. GPX7, glutathione peroxidase 7; shGPX7, shRNA 
targeting GPX7; shCtrl, control shRNA; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Table 7 Relationships between GPX7 expression and clinical pathological parameters of PTC

Parameters High GPX7 expression (n=25) Low GPX7 expression (n=5) t P

Maximum tumor diameter, cm 1.56±0.56 0.56±0.13 15.744 <0.001

Gender, n [%] 1.000 0.690

Female 23 [92] 5 [100]

Male 2 [8] 0

Tumor site, n [%] 0.138 0.094

Unilateral 9 [36] 4 [80]

Bilateral 16 [64] 1 [20]

Lymph node metastasis, n [%] 1.000 0.696

Yes 15 [60] 3 [60]

No 10 [40] 2 [40]

Membrane invasion, n [%] 0.327 0.245

Yes 17 [68] 2 [40]

No 8 [32] 3 [60]

GPX7, glutathione peroxidase 7; PTC, papillary thyroid carcinoma.
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Figure 3 Cell proliferation and colony formation ability of K1 cells after GPX7 knockdown. (A) Images of proliferating cells in Celigo 
assay (×100); (B,C) cell counts and growth curves for shCtrl- and shGPX7-infected K1 cells; (D,E) growth curves for shCtrl- and shGPX7-
infected K1 cells evaluated at OD490; (F) representative images of cell colonies; (G) comparison of the number of clones formed by shCtrl- 
and shGPX7-infected K1 cells. **, P<0.001. GPX7, glutathione peroxidase 7; shGPX7, shRNA targeting GPX7; shCtrl, control shRNA; 
OD490, optical density at 490 nm.
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Effects of GPX7 knockdown on cell apoptosis and the 
expression of apoptotic proteins in K1 cells

To further detect the influence of GPX7 on cell apoptosis, 
we used flow cytometry to measure the percentage of 
dead cells among shCtrl- and shGPX7-infected K1 
cells. The cell apoptosis percentage was significantly 
higher in shGPX7-infected K1 cells than in shCtrl-infected 
K1 cells (24.08%±0.28% vs. 4.33%±0.15%,  P<0.001;  
Figure 4A). Caspase 3/7 activity was significantly higher 
in shGPX7-infected K1 cells than in shCtrl-infected K1 
cells (257.82±21.28 vs. 100.00±5.38, P<0.05; Figure 4B). 
These results demonstrated that down-regulation of GPX7 
increased K1 cell apoptosis.

Discussion

In this study, GPX7 was found to be expressed at higher 
levels in PTC tissues and PTC cell lines than in other 
thyroid tissues and related to the size of PTC tumors. 
GPX7 was successfully knocked down in K1 cells, and 
knockdown of GPX7 inhibited cell proliferation and clone 
formation as well as increased apoptosis and caspase 3/7 
activity in K1 cells. These results demonstrated that GPX7 
promotes the growth of PTC.

In the present study, it was found that GPX7 expression 

was mainly localized in the cytoplasm of thyroid epithelial 
cells. The positive rate of GPX7 expression was 100.0% 
(mainly moderately to strongly positive) in PTC samples, 
which was significantly higher than that in nodular goiter 
samples. GPX7 was also found to be highly expressed in 
the human PTC cell lines TPC-1 and K1. These results 
are in agreement with the observations that the abnormal 
expression of GPX7 is involved in the occurrence and 
development of a variety of tumors (including esophageal 
adenocarcinoma, breast cancer, HCC, etc.) (20-22). GPX 
is the most important oxidoreductase in the body (30) and 
critical for the maintenance of the body’s redox homeostasis. 
Abnormal expression of GPX7 in PTC tissues and PTC 
cell lines supports the hypothesis that oxidative stress is 
somehow responsible for the occurrence and development 
of tumors (31,32) and oxidative stress may be a risk factor 
for the development of thyroid cancer. The coincidence of 
a higher level of GPX7 expression with a larger maximum 
diameter of PTC tumors suggests that GPX7 may enhance 
the growth of PTC tumors.

Cells of the PTC K1 cell line were transfected with 
lentivirus carrying GPX7 RNAi, and both qPCR and 
Western blotting analyses showed that GPX7 expression 
was dramatically knocked down in the transfected K1 cells. 
Knockdown of GPX7 reduced the cell proliferation rate 

Figure 4 Knockdown of GPX7 increased cell apoptosis and altered the activity of apoptotic proteins in K1 cells. (A) Apoptosis among 
shCtrl- and shGPX7-infected K1 cells; (B) caspase 3/7 activity in shCtrl- and shGPX7-infected K1 cells. **, P<0.001. GPX7, glutathione 
peroxidase 7; shGPX7, shRNA targeting GPX7; shCtrl, control shRNA.
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and cell clone formation ability and increased the activity 
of caspase 3/7 and apoptosis in K1 cells, suggesting that 
high expression of GPX7 in PTC could significantly reduce 
apoptosis and increase the proliferation of cells, which 
is in accordance with the role of GPX7 in HCC tissue 
reported by Guerriero (22). These results indicate that high 
expression of GPX7 in PTC can promote cell proliferation 
and decrease cell apoptosis, which leads to faster tumor 
growth and corresponds with our observation of a larger 
maximum diameter in PTC tumors with high GPX7 
expression.

However, the mechanism of action of GPX7 on PTC 
proliferation and apoptosis is still unclear. Studies had 
shown that the activation of NF-κB was the sensor of 
oxidative stress (33). Peng et al. reported that the role of 
GPX7 in esophageal adenocarcinoma is through the NF-κB 
pathway involved in tumorigenesis, suggesting that GPX7 
may promote NF-κB expression by phosphorylating NF-
κB upstream kinase IKK-α/β or IκB-α (20). And, Pyo et 
al. found that there was high expression of NF-κB p65 in 
PTC, and its high expression was related to the occurrence 
and development of PTC (34). Then whether the effect of 
GPX7 on PTC proliferation and apoptosis is also achieved 
through the NF-κB signaling pathway, further research is 
needed.

Conclusions

GPX7 was highly expressed in PTC tissue and cell lines, and 
such high expression of GPX7 could promote proliferation 
and reduce apoptosis among PTC cells, thereby promoting 
the growth of PTC.
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