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GPX4 inhibits apoptosis of thyroid cancer
cells through regulating the FKBP8/Bcl-2
axis
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Abstract. GPX4 has attracted much attention as a key molecule of cell ferroptosis, but its role in cell apoptosis is rarely reported,
and its role in apoptosis of thyroid cancer (TC) cell has not been reported. The analysis of TCGA database showed that both
GPX4 and FKBP8 were highly expressed in TC tumor tissues; The expression of GPX4 and FKBPS8 were positively correlated.
The immunohistochemical analysis further confirmed that GPX4 and FKBP8 were highly expressed in TC tumor tissues. In
addition, the high expression of GPX4 and FKBPS were both significantly correlated with the poor prognosis of TC. Silencing
GPX4 significantly inhibited the proliferation, induced apoptosis of TC cells, and reduced tumor growth in mice. The co-
immunoprecipitation assay revealed a physical interaction between GPX4 and FKBP8 observed in the TC cells. Knockdown of
FKBP8 significantly inhibited the proliferation and induced apoptosis of TC cells. Rescue experiments suggested that knockdown
of FKBPS could reverse the strengthens of cell proliferation and apoptosis and the higher expression of FKBP8 and Bcl-2 caused
by overexpression of GPX4. Our results suggest that the GPX4/FKBP8/Bcl-2 axis promotes TC development by inhibiting TC
cell apoptosis, which provides potential molecular targets for TC therapeutic strategies.
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1. Introduction The incidence and death of thyroid cancer ranked 7th

and 22nd in cancer incidence and death, respectively.

Thyroid cancer (TC) is the most common malignant
tumor of the endocrine system. The incidence rate for
thyroid cancer from 2008 to 2012 was 7.56/100000,
and the mortality rate was 0.52/100000 in China [1].
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There are 2 types of differentiated thyroid cancer (DTC)
such as Papillary thyroid cancer (PTC) and follicu-
lar thyroid cancer (FTC), caused by follicular cells
while medullary thyroid cancer (MTC) originates from
parafollicular C cells. [2]. The overall prognosis of
MTC is worse than DTC [3]. Anaplastic thyroid cancer
(ATC), produced in thyroid follicular cells, is one of the
most aggressive solid tumors in human beings [4]. The
median overall survival of patients with ATC is about
6 months. The diagnostic rate of TC has increased sig-
nificantly due to the utilization of serum thyroid stimu-
lating hormone measurement, ultrasound and fine nee-
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dle aspiration in recent years [S]. At present, the treat-
ment for TC includes surgery, 1311 treatment, and tar-
geted therapy, which results in a 5-year overall survival
rate of 96.1% for TC patients surviving one year after
initial treatment [5]. However, approximately 30% of
DTC patients have disease recurrences during several
decades [6]. Research on factors affecting TC devel-
opment may help to provide a better strategy for TC
treatment.

Glutathione peroxidase 4 (GPX4), as a selenopro-
tein, contains a rare selenocysteine at its active site [7].
It catalyzes the reduction of lipid peroxides by con-
suming reduced glutathione, and functions as an essen-
tial molecule of the anti-ferroptosis defense system [8].
GPX4 was shown to suppress apoptosis in some ma-
lignancies, such as glioma and breast cancer [9,10].
The earlier reports of Zhao et al. mentioned that the
down-regulation of GPX4 could induce apoptosis of
glioma cells [9]. Ding et al. reported that DMOCPTL,
a derivative of natural product parthenolide, could in-
duce ferroptosis in triple-negative breast cancer (TNBC)
cells through ubiquitination of GPX4; GPX4 could also
inhibit apoptosis of breast cancer cells by inhibiting
EGRI1 expression [10]. However, the role of GPX4 in
TC development remains unclear.

FKBPS, also known as FKBP38, belongs to the fam-
ily of the FK506-binding proteins (FKBPs) [11,12].
Studies have shown that FKBPS localized not only in
the inner membrane of endoplasmic reticulum and mi-
tochondria, but also in the Golgi complex and plasma
membrane [13]. FKBP8, which consists of a N-terminal
Glu-rich region, a calmodulin (CaM) binding site, three
TPR motifs, a PPIlase domain, and a membrane an-
chor site, which can be activated by CaM [14]. FKBP8
contains a transmembrane domain near the carboxyl
terminal, which is mainly located in the mitochondria.
Immunoprecipitation analysis showed that FKBP8 in-
teracted with antiapoptotic factors Bcl-2 and Bcl-XL,
and colocalized with these proteins in the mitochon-
dria [15]. Overexpression of FKBPS inhibited apoptosis
of HeL a cells [15]. This result shows that FKBP8 has
an anti-apoptotic activity and can be used as a target for
cancer treatment. Shimamoto et al. reported that knock-
down of FKBP8 expression could significantly reduce
the Bcl-2 protein expression [16]. However, molecu-
lar mechanisms of FKBP8 in TC development remains
elusive.

In this study, we examined the expression of GPX4
and FKBPS in patients with TC and their correlation
with clinicopathological features by immunohistochem-
istry (IHC). We demonstrated that inhibition of GPX4

expression suppressed growth of TC cells in vitro and
in vivo. The GPX4/FKBPS8/Bcl-2 axis played an impor-
tant role in the protection of TC cells against apoptosis.
Our data indicates that GPX4 and FKBP8 may serve
as potential biomarkers for TC patients, and putative
targets for therapeutic interventions in TC.

2. Materials and methods
2.1. Clinical samples

The formalin-fixed paraffin-embedded (FFPE) tis-
sue samples and the corresponding clinicopathological
data, including gender, age, histological subtypes, TNM
stage, were obtained from 20 patients with benign thy-
roid nodules (BTN) and 159 TC patients who under-
went thyroidectomy between February 2008 and Febru-
ary 2021 at the First Affiliated Hospital of Nanchang
University. Archival slides of TC patients were evalu-
ated by at least two pathologists. TNM staging was de-
fined according to the 8th edition of the American Joint
Committee on Cancer staging system. This study was
approved by the Medical Research Ethics Committee
of the First Affiliated Hospital of Nanchang University
((2022)CDYFYYLK(06-016)) as per the Declaration
of Helsinki.

2.2. Cell culture

The 8305C cell, an ATC cell, was purchased from
Procell Life Science & Technology Co., Ltd. in Septem-
ber 2021, and was authenticated using STR method.
The BCPAP cell, a PTC cell, was obtained from Fuheng
Biology in January 2022, and was authenticated using
STR method. The 8305C cell and the BCPAP cell were
authenticated again using STR method in April and
May 2023, respectively. The 8305C cell was cultured
in a MEM medium (Procell, China) containing 10%
fetal bovine serum (FBS, Gibco, USA) whereas the BC-
PAP cell was cultured in a DMEM medium (Solarbio,
China) containing 10% FBS (Gibco, USA). TC cells
were stained using the trypan blue, and the number of
viable cells was counted with a hemocytometer.

2.3. Western blot analysis

Cells were lysed using Cell lysis buffer for Western
and IP (Beyotime, China) supplemented with 1 mM
PMSF. Proteins in cell lysates were first separated
by SDS-polyacrylamide gel electrophoresis (PAGE);
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then the gel was transferred to the polyvinylidene fluo-
ride (PVDF) membrane; subsequently, the membrane
was incubated with the primary antibody. After the
membrane was incubated with the HRP-conjugated
secondary antibody, the signals were visualized us-
ing the BeyoECL Star kit (Beyotime, China). An-
tibodies used in the western blot analysis were as
follows: anti-GPX4 (#A11243, 1:1000), anti-FKBP8
(#A8701, 1:1000), and anti-Bcl-2 (#19693, 1:1000)
were purchased from Abclonal (China); anti-GAPDH
(#60004-1-1g, 1:2000), HRP-conjugated Goat Anti-
Mouse IgG(H+L) (#SA00001-1, 1:2000), and HRP-
conjugated Goat Anti-Rabbit IgG(H+L) (#SA00001-2,
1:2000) were obtained from Proteintech (China).

2.4. Quantitave real-time PCR

Total RNA was extracted using TRizol Reagent (Be-
yotime, China) according to the manufacturer’s instruc-
tions. cDNA was synthesized using Evo M-MLV RT kit
with gDNA clean for qPCR (Accurate Biology, China).
Quantitative real-time PCR was performed using SYBR
Green Premix Pro Taq HS qPCR kit (Accurate Biology,
China). The sequences of primers for real-time PCR
were supplied in Table S1.

2.5. Cell viability assay

Cell viability was measured using Cell Counting Kit-
8 (CCK-8, Abmole, USA). Briefly, 6 x 102 cells were
seeded in a 96-well plate. The next day, cells were
transfected with siRNAs or plasmids for 48 hours, and
then exposed to 10 pl CCK-8 reagent for 2 hours in an
incubator (37°C, 5% CO5). OD450 were measured in
the Multiskan FC plate reader (Thermo, USA).

2.6. EAU assay

TC cells were plated onto 96-well plates at a den-
sity of 6 x 103 cells per well. The next day, cells
were transfected with siRNAs or plasmids for 48 hours.
Then, EdU assay was performed using Cell-Light EdU
Apollo567 In Vitro Kit (Ribobio, China) according to
the manufacturer’s protocols. Pictures of stained cells
were taken using fluorescence microscope. The Image
J software was used to count cells in pictures.

2.7. Apoptosis assay

TC cells were seeded onto a 6-well plate. The next
day, approximately 50% confluent cells were trans-
fected with siRNAs or plasmids for 48 hours. Then,
flow-cytometry-based apoptosis assay was perform us-
ing TransDetect® Annexin V-FITC/PI Cell Apoptosis

Detection Kit (Transgen, China). Cells were collected
and incubated with 5 ul of Annexin V-FITC and 5 ul
of propidium iodide (PI) for 15 min at room tempera-
ture. Samples were analyzed using the BriCyte E6 flow
cytometer (MindRay, China).

2.8. RNA interference and gene transfection

The siRNAs targeted for GPX4 or FKBPS were
obtained from Ribobio and transfected using ribo-
FECT CP Transfection Kit (Ribobio, China) accord-
ing to the manufacturer’s instructions. pCMV6-GPX4
(#RC208065) was obtained from OriGene Technolo-
gies (USA) and transfected with Lipofectamine™?3000
(Invitrogen, USA) following the manufacturer’s in-
structions. The Sequence of the human GPX4 shRNA
(CCGGGTGGATGAAGATCCAACCCAACTCGAGT
TGGGTTGGATCTTCATCCAC) was obtained from
Sigma (USA).

2.9. Immunohistochemistry (IHC)

FFPE specimens were used for IHC analysis follow-
ing the criteria: the staining index equals the staining in-
tensity (scores: negative = 0, weak = 1, moderate = 2,
or strong = 3) multiplied by the staining range (scores:
< 10% =1, 10%-50% = 2, 50%—75% = 3, > 715% =
4). The staining index < 3 was define as low expres-
sion while the index > 3 was regarded as high expres-
sion. Antibodies used in IHC analysis were as follows:
anti-GPX4 (#67763-1-1g, 1:1000) was obtained from
Proteintech (China); anti-FKBP8 (#122378, 1:200) was
purchased from ZENBIO (China). The IHC sections
were scanned using the AX 10 microscope (ZEISS, Ger-
many), and analyzed with the ImageJ software.

2.10. Co-immunoprecipitation

Protein extracts were prepared using Cell lysis Buffer
for Western and IP (Beyotime, China). Normal IgG
(#B900620) from Proteintech, or primary antibodies,
including anti-GPX4 (#ab16739) purchased from Ab-
cam (USA), anti-FKBPS8 (#sc-166607) obtained from
Santa Cruz Biotechnology (USA), which were derived
from the mouse, were added to the protein extracts and
incubated at 4°C overnight. Then, 10 pl of agarose A+G
was added and incubated overnight at 4°C. Samples
were washed three times with PBS, and subjected to
western blotting as mentioned above.

2.11. Mouse xenograft

All animal experiments were approved by the Insti-
tutional Animal Care and Use Committee of the First



352

A B
Expression of GPX4 in THCA based on Sample types
10001 @%ans
* BTN |
800 -
c
S
E
g 600
g - Stage I-Il
(2} i
S 400 H
T ==
200 - — —
0 Stage III-IV
Normal Primary tumor
(n=59) (n=505)
TCGA Sample

T. Dang et al. / GPX4 inhibits apoptosis of thyroid cancer cells through regulating the FKBPS/Bcl-2 axis

c
=3 Negative
Hm Positive
2007 Chi P <0.001
I-square P < 0.
e 9
i 2
i S 150
w4 ®
e o
aun ‘G 100
o)
& Ke)
E 504
P4
& 0-
“) BTN TC
GPX4

Fig. 1. GPX4 expression was upregulated in patients with TC. (A) The expression of GPX4 was compared between TC tumor tissues and normal
tissues. Data are from TCGA database. (B) The IHC staining of GPX4 in FFPE slides of BTN patients and TC patients at different clinical stage.
The representative images of IHC were shown. (C) The number of GPX4-positive slides in IHC staining was evaluated in patients with benign
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immunohistochemistry.

Affiliated Hospital of Nanchang University (CDYFY-
TACUC-202209QR020). Male BALB/c nude mice (4—
6 weeks old) were purchased from Hunan SJA Lab-
oratory Animal Co., Ltd. (Changsha, China) and fed
a standard animal diet. The 8305C cells with control
shRNA or GPX4 shRNA were suspended in PBS and
mixed with Matrigel at a 1:1 ratio. The mice were in-
oculated subcutaneously with cells in the region near
the left axilla. Tumors were measured every 3 days, and
the tumor volume was calculated using the formula (1/2
x length x width?). The mice were sacrificed 23 days
after the inoculation of cells. Tumors were excised and
weighed.

2.12. Statistical analysis

The statistical analysis was conducted using Graph-
Pad Prism (Version 8.0, GraphPad Software). Statistical
significance was defined as a two-sided P value of <
0.05. The unpaired Student’s t-tests were used to an-
alyze differences between two groups. A Chi-squared
test was performed using GraphPad Prism to compare
the IHC index of GPX4 or FKBPS between TC patients
with different clinicopathological features.

3. Results
3.1. The high expression of GPX4 in TC patients

The Cancer Genome Atlas (TCGA, https://cancergen

ome.nih.gov/) database was used to analyze GPX4 ex-
pression in patients with TC. We found that GPX4
mRNA was significantly upregulated in TC tumor tis-
sues compared with normal tissues (Fig. 1A). Next,
GPX4 expression was further verified by collecting
FFPE slides of 159 TC patients and 20 BTN patients
for IHC analysis. GPX4 expression was significantly
increased in TC patients compared with BTN patients
(Fig. 1B, C). A stepwise increase in GPX4 expression
was observed with clinical stage (Fig. 1B, Table S2).
The higher expression level of GPX4 was also signifi-
cantly associated with older age, lymph node metastasis
(Table S2). In addition, GPX4 expression was prone to
be elevated in ATC and PTC compared with MTC and
FTC.

3.2. Suppression of GPX4 inhibited the cell
proliferation in TC cells

To further investigate the functional role of GPX4 in
TC, we tried to knock down the expression of GPX4
in 8305C and BCPAP cells using small interfering
RNAs (siRNAs). The quantitative real-time PCR anal-
ysis showed that siGPX4 #1 was the most effective
siRNA that could knock down GPX4 mRNA expression
(Fig. 2A, B). The western blot analysis showed that
siGPX4 #1 also effectively suppressed GPX4 protein
expression (Fig. 2C—F). CCK-8 and EdU assay were
used to determine the effect of suppressing GPX4 on
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Fig. 2. Knockdown of GPX4 expression suppresses the cell proliferation and induces apoptosis in TC cells. The expression of GPX4 mRNA
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the cell proliferation. Suppression of GPX4 in 8305C
and BCPAP cells significantly inhibited the cell pro-
liferation compared with cells with negative control
siRNA (siNC) (Fig. 2G-L). To explore the molecular
mechanism by which suppression of GPX4 inhibited
the cell proliferation, we tested whether apoptosis was
induced. Flow cytometry analysis was used to examine
the effect of suppressing GPX4 expression on apoptosis

of TC cells. The apoptotic cell populations were signifi-
cantly increased in 8305C or BCPAP cells with siGPX4
compared with those with siNC (Fig. 2M-R).

3.3. The high expression of FKBPS in TC patients

To screen the downstream gene regulated by GPX4
in TC cells, we performed an analysis of correlation



T. Dang et al. / GPX4 inhibits apoptosis of thyroid cancer cells through regulating the FKBPS/Bcl-2 axis 355

between the expression of GPX4 and that of other genes
using the Linked Omics database and the RNA-Seq
data of TC patients in TCGA database. The expression
of FKBPS, a gene located mainly in mitochondria and
possessing the anti-apoptotic property, was found to be
significantly associated with that of GPX4 (Fig. 3A, C,
R =0.795, P < 0.001). Analysis of the RNA-Seq data
in TCGA database also showed that FKBP8 expression
was significantly increased in TC tissues in compari-
son with normal tissues (Fig. 3B). IHC analysis further
demonstrated that FKBP8 protein expression was sig-
nificantly higher in TC patients than in BTN patients
(Fig. 3D, E). The higher expression of FKBP8 was sig-
nificantly associated with advanced clinical stage, older
age, lymph node metastasis (Fig. 3D, Table S3). The
proportion of patients with high FKBP8 expression was
significantly increased in PTC, ATC, and MTC com-
pared with FTC (Table S3). Figure 3F showed that sup-
pression of GPX4 led to down-regulation of FKBP8 in
TC cells.

3.4. Depletion of FKBPS8 expression induces apoptosis
of TC cells

To examine the function of FKBPS8 in TC, we tried
to knock down the expression of FKBP8 in 8305C
and BCPAP cells using siRNAs. The quantitative real-
time PCR analysis and the western blot analysis both
showed that siFKBPS #1 was the most effective siRNA
that could knock down FKBP8 expression (Fig. 4A—
F). CCK-8 and EdU assays suggested that suppression
of FKBPS in TC cells significantly inhibited the cell
proliferation compared with those with siNC (Fig. 4G-
L). Flow cytometry analysis showed that apoptotic cell
populations were significantly higher in TC cells with
siFKBPS than those with siNC (Fig. 4M-R). These re-
sults demonstrate that knockdown of FKBP8 expression
induces apoptosis of TC cells.

3.5. GPX4 inhibits apoptosis of TC cells through
activating the FKBP8/Bcl-2 axis

To investigate whether GPX4 directly binds to
FKBPS to regulate FKBP8 gene expression, we per-
formed co-immunoprecipitation assay in 8305C cells.
As shown in Fig. 5A, a physical interaction between
GPX4 and FKBPS8 was observed in the cells. It is
reported that knocking down FKBP8 expression de-
creases the expression of Bcl-2 [16]. We hypothe-
sized that GPX4 might inhibit the apoptosis of TC
cells through regulating the FKBP8/Bcl-2 axis. Indeed,

overexpression of GPX4 elevated the expression of
FKBPS and Bcl-2 while knockdown of FKBP8 abol-
ished the upregulation of Bcl-2 mediated by overex-
pressing GPX4 in 8305C and BCPAP cells (Fig. 5B).
CCK-8 and EdU assays showed that knockdown of
FKBPS abolished the cell proliferation promoted by
overexpression of GPX4 (Fig. SC-H). Flow cytometry
results revealed that knocking down FKBPS8 expres-
sion augmented cell apoptosis suppressed by increase
of GPX4 expression (Fig. SI-L). These results clearly
demonstrate that overexpression of GPX4 inhibits apop-
tosis of TC cells through activating the FKBP8/Bcl-2
axis.

3.6. GPX4 inhibits tumor growth in vivo

The 8305C cells were transfected with GPX4 shRNA
lentivirus (shGPX4) to stably knock down GPX4 ex-
pression (Fig. 6A). Approximately 5 x 10% 8305C cells
stably transfected with shGPX4 or shNC (negative con-
trol shRNA) were injected subcutaneously into BalB/C
nude mice. The tumor weight and volume of the mice
injected with cells harboring shGPX4 both significantly
decreased compared with the mice injected with cells
harboring shNC (Fig. 6B, C). In addition, IHC analysis
revealed decreased expression of GPX4 in the xenograft
tumors harboring shGPX4 (Fig. 6D). These results sug-
gest that depletion of GPX4 suppresses tumor growth
of TC in vivo.

4. Discussion

GPX4 expression is up-regulated in several kinds of
tumors. Wei et al. reported that the expression of GPX4
was significantly higher in tumor tissues of endome-
trial cancer than that in normal endometrial tissues [17].
GPX4 expression was up-regulated in tumor tissues
of glioma compared with normal brain tissues; higher
GPX4 expression was associated with worser overall
survival [9]. Our results showed that higher GPX4 ex-
pression was related with several poorer prognostic fac-
tors of TC, including older age, lymph node metastasis,
and advanced clinical stage. Ding et al. reported that
GPX4 induced apoptosis of TNBC cells through up-
regulation of EGR1 [10]. Knockdown of GPX4 expres-
sion inhibited the proliferation and induced apoptosis
in endometrial cancer cells [17]. We demonstrate that
GPX4 promotes TC development through inhibition of
apoptosis.



356 T. Dang et al. / GPX4 inhibits apoptosis of thyroid cancer cells through regulating the FKBPS/Bcl-2 axis

(¢}
o

10 o

SINC  siFKBP8 #1

o
2
]
S
3
I i
Relative protein expression
(GAPDH adjusted)

FKBP8 mRNA level adjusted GAPDH >

siNC siFKBP8 #1

w

siNC siFKBP8#1

FKBP8

GAPDH

Relative protein expression
(GAPDH adjusted)

FKBP8 mRNA level adjusted GAPDH

BCPAP siINC siFKBP8 #1

G | J
= Hoechst 80° s
100- g
2 60
8
2
g 40 .
. EdU g
3
& 20
0 0
SING SIFKBPS #1 Merge SINC  SiFKBPS #1
CCKB 8305C 8305¢
siNC siFKBP8 #1
H K L
Py Hoechst
= 60
10( pres
g
3 2 a0
EdU °
g2
3
3
b}
0 Merge 0
SINC siFKBPS #1 siNC siFKBP8 #1
CCK8  BCPAP KBRS #1 BCPAP
M 8305C-siNC N 8305C-siFKBPS #1 o

o o M
o7t 345 128

CompFL2-A: PEA
CompFLZA:PEA
Apoptosis(%)

50 R . S
40
20
10
0

siNC  siFKBP8 #1
8305C

Comp-FLI-A  FITC-A Comp-FLI-A: FITC-A

o

BCPAP-siNC Q BCPAP-siFKBP8 #1 R "
@

162 —_—

5T
© 2 2

270 263

@
5

CompFLAPEA
CompFL2A < PEA
Apoptosis(%)
.
8

o

a3
161

T
W SINC  siFKBPS #1
Comp LA FITGA CompFLIA FITCA BCPAP

Fig. 4. Knockdown of FKBPS8 expression suppresses the cell proliferation and induces apoptosis in TC cells. The expression of FKBP8 mRNA
and protein was detected in both 8305C and BCPAP cells transfected with FKBP8 siRNAs (siFKBP8) or negative control siRNA (siNC) using
RT-qPCR (A, B) and western blot analysis (C-F), respectively. Data are represented as mean + SD from three independent experiments (* P <
0.05 and *** P < 0.001). (G, H) The cell proliferation was determined in 8305C and BCPAP cells transfected with siFKBP8 or siNC using CCK-8
assays. Data are represented as mean £ SD from three independent experiments (** P < 0.01 and *** P < 0.001). (H-L) The EdU assays were
used to calculate the cell proliferation in 8305C and BCPAP cells transfected with siFKBPS8 or siNC. Data are represented as mean £ SD from
three independent experiments (*** P < 0.001). (M-R) The flow-cytometry-based apoptosis assay was performed in 8305C and BCPAP cells
transfected with siFKBP8 or siNC. Data are represented as mean = SD from three independent experiments (*** P < 0.001).
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Fig. 5. GPX4 inhibits apoptosis of TC cells through activating the FKBP8/Bcl-2 axis. (A) Cell lysates of 8305C cells were subjected to
immunoprecipitation and immunoblotting with respective antibodies. The representative images of the immunoblotting results were shown. (B)
Western blot analysis of GPX4, FKBP8, and Bcl-2 expression in GPX4-overexpressing 8305C and BCPAP cells transfected with siFKBP8 or
siNC. The representative images of the western blot analysis were shown. The cell proliferation was determined in GPX4-overexpressing 8305C
and BCPAP cells transfected with siFKBPS or siNC using CCK-8 (C, D) or EAU (E-H) assays. (I-L) The flow-cytometric analysis of apoptosis
was performed in GPX4-overexpressing 8305C and BCPAP cells transfected with siFKBPS8 or siNC. Data are represented as mean + SD from

three independent experiments (* P < 0.05, ** P < 0.01, and *** P < 0.001).
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Fig. 6. GPX4 promotes tumor growth in vivo. (A) The expression of GPX4 protein was detected in both 8305C and BCPAP cells transfected with
GPX4 shRNA lentivirus (shGPX4) or negative control shRNA (shNC) using the western blot analysis. The representative images of the western
blot analysis were shown. The 8305C cells transfected with shGPX4 or shNC were subcutaneously injected into BALB/c nude mice (six mice per
group).The weight (B) and volume (C) of xenograft tumors were compared between the two groups. (D) The IHC staining of GPX4 in xenograft
tumors from the BALB/c nude mice. The representative images of IHC were shown. IHC, immunohistochemistry.

FKBPS plays an important role in mitophagy [18]
and apoptosis. An in vivo study with a FKBP8 mouse
mutant found that the loss of FKBPS resulted in in-
creased apoptosis, demonstrating that FKBP8 blocks
apoptosis [19]. FKBPS8 suppresses apoptosis by reg-
ulating localization and stability of Bcl-2 [15]. Cyto-
plasmic KDM1A could demethylate FKBP8 to increase
the stability of Bcl-2 in cells of hepatocellular carci-
noma [20]. In this study, FKBP8 expression was higher
in TC tumor tissues than that in BTN tissues, and higher
expression of FKBPS was significantly associated with
older age, lymph node metastasis, and advanced clinical
stage. Depletion of FKBPS induced TC cell apoptosis
and suppressed TC cell proliferation. These results sug-
gest that FKBP8 may promote TC cell growth through
suppression of apoptosis.

Bcl-2, an anti-apoptotic protein, participates in the
intrinsic pathway of apoptosis [21]. Extracellular vesi-
cles derived from Oesophageal squamous cell carci-
noma contained high levels of PAHB, which induced
apoptosis via activating the PHGDH/Bcl-2/caspase-3
pathway [22]. Zhou et al. reported that knockdown of
SPTBN2 downregulated expression of Bcl-2 to induce
apoptosis of TC cells [23]. In this study, overexpres-
sion of GPX4 increased the levels of FKBP8 and Bcl-2.

However, depletion of FKBPS abolished the increase of
Bcl-2 expression mediated by overexpression of GPX4.
Depletion of FKBPS8 expression augmented cell apop-
tosis suppressed by overexpression of GPX4. These re-
sults suggest that FKBP8-mediated elevation of Bcl-2
expression is essential for inhibition of apoptosis in TC
cells, and GPX4 regulates the cell proliferation and in-
hibits apoptosis through regulating the FKBP8/Bcl-2
axis in TC cells. Venetoclax (ABT-199), the Bcl-2 se-
lective inhibitor, has been approved for the treatment
of acute myeloid leukemia and chronic lymphocytic
leukemia [24,25]. Thus, it is promising to develop drugs
targeting GPX4, FKBPS8, or Bcl-2, which participates
in the suppression of apoptosis, for TC treatments.
Chen et al. reported that knockdown of GPX4 sup-
pressed the cell proliferation and induced ferroptosis in
TC cells [26]. To our knowledge, our study is the first
to uncover the essential roles of GPX4 and FKBPS in
TC cell apoptosis. We demonstrated that the expression
of GPX4 and FKBP8 were both significantly higher
in TC tumor tissues than in BTN tissues, and higher
levels of GPX4 and FKBPS8 were both significantly as-
sociated with older age, advanced clinical stage and
lymph node metastasis. Inhibition of GPX4 expression
suppressed the cell proliferation and induced apoptosis
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in TC cells. FKBP8 was the target of GPX4. Depletion
of FKBPS abolished upregulation of Bcl-2 mediated by
overexpression of GPX4 and augmented the apoptosis
suppressed by elevation of GPX4 expression. Thus, we
demonstrated the essential role of GPX4 in promoting
the cell proliferation and inhibiting apoptosis in TC
cells through activating the FKBP8/Bcl-2 axis.
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