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Abstract
Annexin A10 (ANXA10) is a member of annexin A and has been reported to highly express in papillary thyroid carcinoma 
(PTC) tissues. Tumor susceptibility gene 101 (TSG101) also plays a role in PTC and is predicted to bind to ANXA10. This 
study intended to investigate whether ANXA10 could regulate PTC via binding to ANXA10. The expression of ANXA10 
and TSG101 in normal thyroid follicular epithelial cell line and several PTC cell lines was analyzed using RT-qPCR and 
western blotting assays. Subsequently, PTC cell line BCPAP was silenced with ANXA10 followed by TSG101 overexpres-
sion or not, and then cell proliferation, apoptosis and mitogen-activated protein kinase (MAPK) signaling expression were 
assessed via MTT, colony formation, immunofluorescence staining, Tunel staining and western blotting assays. Besides, 
the interaction between ANXA10 and TSG101 was validated using Co-immunoprecipitation assay. ANXA10 and TSG101 
expressions were up-regulated in PTC cell lines. ANXA10 silence inhibited proliferation, promoted apoptosis and inactivated 
MAPK/ extracellular regulated protein kinases (ERK) signaling pathway of BCPAP cells. Additionally, ANXA10 could bind 
to TSG101 and regulate its expression. However, the above effects of ANXA10 silence on BCPAP cells were all blocked by 
TSG101 overexpression. ANXA10 inhibited proliferation and promoted apoptosis of PTC cells via binding to TSG101, and 
these actions may depend on down-regulating MAPK/ERK pathway expression.
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Introduction

Thyroid cancer (TC) is one of the common malignant tumors 
in humans and the most common tumor in the endocrine 
system. In the past few decades, the incidence of TC has 
shown a significant upward trend worldwide (Seib and Sosa 
2019). It is predicted that TC will become the fourth largest 
tumor in the United States in 2030 after breast cancer, pros-
tate cancer, and lung cancer (Rahib et al. 2014). According 
to the different sources of tumor cells, TC is usually divided 
into four pathological types: papillary carcinoma, medullary 
carcinoma, follicular carcinoma and undifferentiated carci-
noma. Among them, papillary thyroid carcinoma (PTC) is 

the most common pathological type, accounting for about 
88% of all TC (Kitahara and Sosa 2016). Therefore, it is of 
great value to carry out relevant basic research to clarify the 
molecular mechanism of the occurrence and development 
of PTC.

Annexin A10 (ANXA10) is a new member of the annexin 
A (ANXA) family. ANXA is a subclass of the annexin, 
which is the largest type of Ca2+-regulated phospholipid 
binding protein in eukaryotic cells, and plays an important 
role in various cellular and physiological processes, includ-
ing vesicle transport, exocytosis, endocytosis and calcium 
channel formation, thereby regulating cell differentiation 
and proliferation and other activities (Gerke et al. 2005; 
Gerke and Moss 2002). The abnormal expression and regu-
latory effect of ANXA10 in various cancers including lung 
cancer, serous epithelial ovarian cancer, bladder cancer, 
esophageal squamous cell carcinoma, cholangiocarcinoma 
and pancreatic cancer have been implicated and the role of 
ANXA10 in different cancers is also different (Hung et al. 
2019; Kodaira et al. 2019; Munksgaard et al. 2011; Sun et al. 
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2019; Wang et al. 2019; Zhu et al. 2017). A recent study 
reported that among all ANXA members, ANXA10 has the 
highest expression in PTC. Compared with normal thyroid 
tissue, ANXA10 in PTC tissues was significantly up-regu-
lated. Meanwhile, the expression of ANXA10 is related to 
the tumor size, differentiation and overall survival rate of 
patients with PTC (Liu et al. 2021). As a result, ANXA10 
may be used as an independent prognostic biomarker to pre-
dict the poor prognosis of PTC. However, the effect and 
mechanism of ANXA10 on PTC cells have not been studied.

Tumor susceptibility gene 101 (TSG101) is a member of 
endosomal complexes required for transport-I (ESCRT-I) 
and plays an important role in cellular processes including 
endosomal transport, ubiquitination, promoting virus bud-
ding and maintaining cell survival (Kumar et al. 2016). A 
large number of studies have shown that the expression of 
TSG101 is significantly increased in many tumors, such as 
liver cancer, colorectal cancer, PTC, renal cell carcinoma 
and so on (Liu et al. 2002, 2019; Sai et al. 2015; Xu and 
Zheng 2019). Rue-Tsuan Li et al. (Liu et al. 2002) analyzed 
the expression of TSG101 gene in 20 cases of human PTC 
and determined the close association between the over-
expression of TSG101 protein and human PTC. Notably, 
following searching the String website (https://​www.​string-​
db.​org/​cgi/​netwo​rk?​taskId=​btl6m​3JYDI​XW&​sessi​onId=​
bYxCI​nv2T6​5G), we found that ANXA10 can bind to the 
TSG101 protein. Therefore, this study aimed to investigate 
whether ANXA10 can regulate PTC cells proliferation and 
apoptosis by interacting with TSG101.

Materials and methods

Cell culture

The human normal thyroid follicular epithelial cell line Nthy-
ori 3–1 was obtained from BeNa Chuanglian Biotechnology 
Research Institute (Beijing, China). Human PTC cell lines 

(BCPAP, TPC-1 and KTC-1) were obtained from Shanghai 
Institute of Biochemistry and Cell Biology (Shanghai, China). 
All cells were cultured in RPMI-1640 medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (FBS; Gibco) and 100 U/ml penicillin–strep-
tomycin (Gibco), placed at 37 °C in a standard humidified 
incubator under a humid atmosphere of 5% CO2.

Cell transfection

To knockdown ANXA10 expression in BCPAP cells, 
short hairpin RNA (shRNA) targeting ANXA10 (shRNA-
ANXA10-1 and shRNA-ANXA10-2) and corresponding 
negative control (shRNA-NC) were designed and synthe-
sized by GenScript Biotech (Nanjing, China). To overexpress 
TSG101 in BCPAP cells, the TSG101 cDNA sequences were 
synthesized by GenScript Biotech and then inserted into the 
pcDNA3.1 vector (Invitrogen, USA). Empty pcDNA3.1 vec-
tor was used as the negative control. For transfection, BCPAP 
cells were seeded and grown in 6-well plates and plasmids 
were transfected using the Lipofectamine 2000 reagent (Inv-
itrogen) according to the manufacturer’s instructions. At 48 h 
post-transfection, the cells were collected for next analysis.

MTT assay

Cell viability was measured using the MTT assay kit (Beyo-
time Institute of Biotechnology, China). Briefly, control or 
transfected BCPAP cells were seeded into 96-well plates 
at the density of 2 × 103/well. After being cultured under 
normal condition for 24, 48 and 72 h, cells were exposed 
to 10μL MTT solution for 4 h, followed by incubation with 
formazan lysis solution until the purple crystals were com-
pletely dissolved. Finally, the absorbance at 570 nm was 
measured using a spectrophotometer.

Colony formation

For the colony formation assays, the BCPAP cell suspension 
was resuspended in 1 mL RPMI-1640 medium and then plated 
into 24-well plates and incubated for 2 weeks. Then cells were 
fixed with methanol and stained with 0.5% crystal violet, colo-
nies (> 50 cells) were counted under a Nikon Eclipse E600 
microscope (Nikon Instruments, USA; magnification, × 100).

Real‑time quantitative polymerasechain reaction 
(RT‑qPCR)

Total RNA from cells was isolated with TRIzol reagent 
(Thermo Fisher Scientific, Inc.) according to the manufactur-
er’s instructions. Reverse transcription was performed using 
PrimeScript RT Reagent Kit (Takara, China) according to 
the manufacturer’s protocol. RT-qPCR was performed with 

Fig. 1   Expression of ANXA10 in PTC cell lines and effects of 
ANXA10 knockdown on PTC cells proliferation. A and B, the 
mRNA (A) and protein (B) expressions of ANXA10 in human nor-
mal thyroid follicular epithelial cell line Nthy-ori 3–1 and human 
PTC cell lines (BCPAP, TPC-1 and KTC-1). ***P < 0.001 vs. Nthy-
ori 3–1 group. C and D, the mRNA (C) and protein (D) expressions 
of ANXA10 in control BCPAP cells or cells that transfected with 
indicated shRNAs. **P < 0.01 and ***P < 0.001 vs. Control group. E, 
the cell proliferation of control BCPAP cells or cells that transfected 
with indicated shRNAs at 24, 48 and 72  h post-culture. *P < 0.05 
and ***P < 0.001 vs. Control group. F, representative images for 
colony formation assay in control BCPAP cells or cells that trans-
fected with indicated shRNAs (magnification, × 100). G, representa-
tive images for immunofluorescence staining against Ki67 in control 
BCPAP cells or cells that transfected with indicated shRNAs (magni-
fication, × 200). Ki67 was stained with green and DAPI was used for 
nuclear counterstaining (blue)
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SYBR Prime Script RT-PCR Kit (Takara) based on the manu-
facturer’s instructions. The levels of ANXA10 and TSG101 
were calculated using the 2−ΔΔCt method after normalization 
to GAPDH. The expression levels were expressed as the fold 
change relative to the corresponding controls which were 
defined as 1.0. The primers used are as follows:

ANXA10, forward 5’-GGG​GAC​CAG​AGA​GGA​AGG​
AT-3’, and reverse 5’-TGC​AGC​ATG​GTT​TTG​TGC​TC-3’;

TSG101, forward 5’-GCC​AGC​TCA​AGA​AAA​TGG​TGT-
3’, and reverse 5’-AGG​CAC​AGG​GAT​TGT​TCC​AG-3’;

GAPDH, forward 5’-CTG​GGC​TAC​ACT​GAG​CAC​C-3’, 
and reverse 5’-AGT​GGT​CGT​TGA​GGG​CAA​TG -3’.

Western blotting

Total protein was extracted from cells using RIPA lysis 
buffer (Beyotime Institute of Biotechnology) and then 
quantified by BCA kit (Thermo Fisher Scientific, Inc.). 
Equal amount of proteins (20 μg per lane) were mixed 
with loading buffer, subjected to 10% SDS-PAGE and then 
transferred onto PVDF membranes. After being blocked 
with 5% non-fat milk and incubated with the correspond-
ing primary antibodies at 4 °C overnight, the menbranes 
were incubated with the corresponding horseradish peroxi-
dase (HRP)-conjugated secondary antibodies. Finally, the 
signals were detected using an enhanced chemilumines-
cence (ECL)-detection kit (Thermo Fisher Scientific, Inc.), 
followed by analysis with Tanon 5200 Chemiluminescent 
Imaging System (BioTanon, Shanghai, China). Primary 
antibodies used are antibodies against ANXA10 (cat. no. 
ab213656; 1:1,000), Bcl-2 (cat. no. ab32124; 1:1,000), 
Bax (cat. no. ab32503; 1:1,000), cleaved-caspase3 (cat. no. 
ab2302; 1:1,000), caspase3 (cat. no. ab32351; 1:5,000), 
cleaved-caspase9 (cat. no. ab2324; 1:1,000), caspase9 
(cat. no. ab32539; 1:5,000), TSG101 (cat. no. ab125011; 
1:5,000), phosphorylated (p)-extracellular regulated pro-
tein kinases (ERK; cat. no. ab201015; 1:1,000), ERK (cat. 
no. ab32537; 1:1000), p–c-Jun N-terminal kinase (JNK) 
(cat. no. ab76572; 1:5,000), JNK (cat. no. ab208035; 
1:2,000), p-p38 (cat. no. ab178867; 1:1,000), p38 (cat. 
no. ab170099; 1:5,000) and GAPDH (cat. no. ab181602; 
1:10,000), which were all purchased from Abcam. The 
secondary antibody was an HRP-conjugated goat anti-
rabbit IgG (Abcam; cat. no. ab205718; 1:20,000). Protein 
expression levels were semi-quantified using Image-Pro 
Plus software version 6.0 (Roper Technologies, Inc.).

Immunofluorescence staining

BCPAP cells were fixed with 4% paraformaldehyde 
at 4˚C for 15 min and permeabilized with 0.2% Triton 
X-100 at 37˚C for 30  min. After being blocked with 

10% Bovine Serum Albumin (Thermo Fisher Scientific, 
Inc.) for 30 min at room temperature, the cells were then 
incubated with primary antibodies against Ki67 (cat. no. 
ab15580; 1:500; Abcam) at 4˚C overnight. The following 
day, the cells were incubated with 100 μl/well working 
solution containing Alexa Fluor 488-conjugated goat anti-
rabbit secondary antibodies (Abcam; cat. no. ab150081; 
1:1,000) at room temperature for 1 h. DAPI was used for 
nuclear counterstaining. The stained slides were imaged 
using an inverted fluorescence microscope (magnifica-
tion, × 200; Olympus Corporation).

Terminal‑deoxynucleoitidyl Transferase Mediated 
Nick End Labeling (Tunel) staining

Cell apoptosis was assessed with the In Situ Cell Death 
Detection Fluorescein Kit (Roche, Germany). BCPAP cells 
on coverslips were immobilized using 4% paraformalde-
hyde for 1 h, then permeabilized using 0.1% citrate buffer 
(Sigma-Aldrich) with additional 0.1% Triton X-100 (Sigma-
Aldrich). After being rinsed using PBS, cells were incu-
bated for 1 h in TUNEL reaction solution. Coverslips were 
mounted to a slide and observed via an inverted fluorescence 
microscope (magnification, × 100; Olympus Corporation). 
DAPI was used for nuclear counterstaining.

Co‑immunoprecipitation (Co‑IP) assay

Total protein from BCPAP cells was isolated using RIPA 
lysis buffer (Beyotime Institute of Biotechnology) and then 
quantified by BCA kit (Thermo Fisher Scientific, Inc.). 
For immunoprecipitation, 500 μg protein was incubated 
with 1–2 μg of the specific antibodies against ANXA10 or 
TSG101 (same with the antibodies used in western blot; 
Abcam) overnight at 4 °C. Subsequently, 40 μL Protein A/G 
PLUS-Agarose beads (Invitrogen; Thermo Fisher Scientific, 
Inc.) was added, and incubated for a further 2 h at room 
temperature. Beads were then washed three times with the 
lysis buffer and collected by centrifugation at 12,000 × g for 
2 min at 4 °C. Following the final wash, the supernatant was 
aspirated and discarded, then the precipitated proteins were 
eluted from the beads by re-suspending in 2 × SDS-PAGE 
loading buffer and boiling for 5 min. The products from 
immunoprecipitation were analyzed using western blotting.

Statistical analysis

All results were obtained from at least three independent 
experiments. The statistical analyses were performed using 
SPSS 16.0 (SPSS, Inc., USA) software. All results in the 
present study were analyzed by one-way ANOVA, fol-
lowed by Tukey’s test. P < 0.05 was considered statistically 
significant.
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Fig. 2   Effects of ANXA10 knockdown on PTC cells apoptosis. A, 
representative images for Tunel staining in control BCPAP cells or 
cells that transfected with indicated shRNAs (magnification, × 100). 
Apoptotic cells were stained with green and DAPI was used for 

nuclear counterstaining (blue). B, the protein expression of Bcl-2, 
Bax, cleaved-caspase3/caspase3 and cleaved-caspase9/caspase9 was 
detected by western blotting assay. ***P < 0.001 vs. Control group
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Results

ANXA10 is up‑regulated in PTC cells, and knockdown 
of it inhibits proliferation and promotes apoptosis 
of PTC cells

First of all, the expression of ANXA10 in human normal 
thyroid follicular epithelial cell line Nthy-ori 3–1 and human 
PTC cell lines (BCPAP, TPC-1 and KTC-1) was evaluated by 
RT-qPCR and western blotting. As shown in Fig. 1A and B, 
ANXA10 exhibited significantly increased expression in PTC 
cell lines compared with Nthy-ori 3–1 cell line. At the same 
time, BCPAP possessed the highest expression of ANXA10, 
as a result, it was chosen for the subsequent experiments.

Then, ANXA10 was silenced in BCPAP cells using shRNAs 
to observe the alteration of cell proliferation and apoptosis. Fig-
ure 1C and D confirmed the knockdown efficiency of ANXA10 
and sh-ANXA10-1 was selected for ANXA10 silence in next 
experiments owing to its better transfection efficiency. The cell 
viability was measured by MTT assay, the results showed that 
sh-ANXA10-1 resulted in a marked decrease in cell viability 
compared with the sh-NC group (Fig. 1E). Colony formation 
assay demonstrated that the ability of colony formation was 
also reduced by sh-ANXA10-1 (Fig. 1F). Consistently, BCPAP 
cells that transfected with sh-ANXA10-1 showed obvious lower 
expression of Ki67 than cells that transfected with sh-NC. 
These data indicated the inhibitory effect of ANXA10 knock-
down on BCPAP cells proliferation.

Besides, Tunel staining was employed to assess cell apop-
tosis. As illustrated in Fig. 2A, ANXA10 silence caused a 
significant increase in ratio of cell apoptosis. Meanwhile, 
ANXA10 decreased Bcl-2 expression, but increased Bax, 
cleaved-caspase3/caspase3 and cleaved-caspase9/caspase9 
expressions (Fig. 2B). These results suggested the promo-
tive effect of ANXA10 silence on BCPAP cells apoptosis.

TSG101 is up‑regulated in PTC cells and can be 
regulated by ANXA10 via mutually binding

To determine whether ANXA10 exerted its effect on PTC via 
binding to TSG101, the expression of TSG101 in Nthy-ori 
3–1 cell line and human PTC cell lines (BCPAP, TPC-1 and 
KTC-1) was also evaluated. It was demonstrated in Fig. 3A 

and B, both TSG101 mRNA and protein expressions were up-
regulated in PTC cell lines. Thereafter, Co-IP assay verified the 
direct interaction between ANXA10 and TSG101 (Fig. 3C and 
D). Besides, the expression of TSG101 was down-regulated 
upon ANXA10 silence, indicating that ANXA10 could posi-
tively regulate TSG101 expression (Fig. 3E).

TSG101 overexpression blocks the effect of ANXA10 
silence on PTC cells proliferation and apoptosis

Subsequently, TSG101 was overexpressed in BCPAP cells 
using pcDNA3.1-TSG101 and Fig. 4A validated the success-
ful up-regulation of TSG101 in BCPAP cells. As shown in 
Fig. 4B, the cell viability inhibited by ANXA10 knockdown 
was reversely enhanced by TSG101 overexpression. Similarly, 
the inhibited colony formation and Ki67 expression caused 
by ANXA10 silence were markedly recovered after TSG101 
overexpression (Fig. 4C and D). Cell apoptosis of BCPAP cells 
that overexpressed with TSG101 in the presence of ANXA10 
knockdown was also evaluated. Figure 5A illustrated that 
TSG101 overexpression resulted in a decrease in cell apopto-
sis ratio when compared with cells that transfected with empty 
vector pcDNA3.1 in the presence of ANXA10 knockdown (sh-
ANXA10-1 + pcDNA3.1). Moreover, the protein expression of 
Bcl-2, Bax, cleaved-caspase3/caspase3 and cleaved-caspase9/
caspase9 that altered by ANXA10 knockdown was remark-
ably recovered by TSG101 upregulation (Fig. 5B). The above 
data revealed that TSG101 inhibited the effect of ANXA10 
overexpression on BCPAP cells proliferation and apoptosis.

ANXA10 silence suppresses the activation 
of mitogen‑activated protein kinase / (MAPK)/ERK 
signaling, but TSG101 overexpression blunts this 
effect

To uncover the underlying mechanism involved in the effects 
of ANXA10/TSG101 on PTC cells proliferation and apopto-
sis, the expression of MAPK signaling pathway was detected. 
As illustrated in Fig. 6, the expression of p-ERK/ERK was 
considerably decreased in cells that silenced with ANXA10 
compared with sh-NC group, but was reversely increased 
after TSG101 overexpression when compared with cells that 
transfected with sh-ANXA10-1 + pcDNA3.1. Meanwhile, 
ANXA10 silence and TSG101 overexpression caused no 
significant effect on p-JNK/JNK and p-p38/p38 expression.

Discussion

TC is the most common malignant tumors of the head 
and neck, and PTC is the most common pathological type 
of TC, and the incidence is increasing year by year. In 

Fig. 3   The interaction between ANXA10 and TSG101. A and B, the 
mRNA (A) and protein (B) expressions of TSG101 in human normal 
thyroid follicular epithelial cell line Nthy-ori 3–1 and human PTC 
cell lines (BCPAP, TPC-1 and KTC-1). ***P < 0.001 vs. Nthy-ori 
3–1 group. C and D, the interaction between ANXA10 and TSG101 
in BCPAP cells was determined by Co-IP assay. E, the protein 
expression of TSG101 in BCPAP cells before and after ANXA10 
silence was tested by western blotting assay. ***P < 0.001 vs. Control 
group

◂
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this study, we demonstrated the up-regulated expression 
of ANXA10 and TSG101 in PTC cells. Further studies 
revealed that ANXA10 silence inhibited proliferation 
and induced apoptosis of PTC cells, whereas TSG101 

overexpression blocked these effects. Mechanically, 
ANXA10 knockdown suppressed the activation of MAPK/
ERK signaling, but TSG101 overexpression re-activated 
this pathway.

Fig. 4   TSG101 overexpression blocks the effect of ANXA10 silence 
on PTC cells proliferation. A, the protein expression of TSG101 in 
BCPAP cells before and after TSG101 overexpression was tested 
by western blotting assay. ***P < 0.001 vs. Control group. B, the 
cell proliferation of control BCPAP cells or cells that transfected 
with indicated plasmids at 24, 48 and 72 h post-culture was detected 
by MTT assay. **P < 0.01 and ***P < 0.001 vs. Control group. 

##P < 0.01 and ###P < 0.001 vs. sh-NC group. C, representative images 
for colony formation assay in control BCPAP cells or cells that trans-
fected with indicated plasmids (magnification, × 100). D, representa-
tive images for immunofluorescence staining against Ki67 in control 
BCPAP cells or cells that transfected with indicated plasmids (magni-
fication, × 200). Ki67 was stained with green and DAPI was used for 
nuclear counterstaining (blue)
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Fig. 5   TSG101 overexpression blocks the effect of ANXA10 silence 
on PTC cells apoptosis. A, representative images for Tunel stain-
ing in control BCPAP cells or cells that transfected with indicated 
plasmids (magnification, × 100). Apoptotic cells were stained with 
green and DAPI was used for nuclear counterstaining (blue). B, the 

protein expression of Bcl-2, Bax, cleaved-caspase3/caspase3 and 
cleaved-caspase9/caspase9 was detected by western blotting assay. 
***P < 0.001 vs. Control group. #P < 0.05 and ###P < 0.001 vs. sh-NC 
group
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ANXA is composed of 12 members, and the abnormal 
expression of ANXA members is observed in the occurrence 
and development of several types of cancer. For example, 
ANXA1 expression is up-regulated in pancreatic cancer, 
and the tumor growth and metastasis of mice that knock-
down with ANXA1 are significantly reduced, indicating 
that ANXA1 played a key role in the progression of pancre-
atic cancer (Pessolano et al. 2018; Yi and Schnitzer 2009). 
However, the expressions of ANXA1 and ANXA7 are low 
in prostate cancer (Srivastava et al. 2001). Therefore, dif-
ferent ANXA may play different roles in diverse types of 
cancer. ANXA10 is a newly identified member of ANXA, 
thus the studies related to its role in cancers are relatively 
little. ANXA10 was obviously decreased in hepatocellular 
carcinoma (HCC) tissues and cells and inhibition of ubiquit-
ination-mediated degradation of ANXA10 could suppressed 
the occurrence and development of HCC (Liu et al. 2020). 
ANXA10 exhibited the promoting role in progression of 
esophageal squamous cell carcinoma (ESCC) (Zang et al. 
2019). Here, in accordance with a recent study (Liu et al. 
2021), we showed the up-regulated expression of ANXA10 
in PTC cell lines compared with human normal thyroid fol-
licular epithelial cell line, indicating the possible role of 
ANXA10 in PTC. The uncontrolled cell proliferation and 
reduced cell apoptosis have been confirmed to contribute to 
the occurrence and progression of cancers (Evan and Vous-
den 2001). To investigate the specific effects of ANXA10, 

we knockdown it in PTC cell line BCPAP to observe the 
alteration of cell proliferation and apoptosis. We found that 
ANXA10 silence remarkably inhibited proliferation and 
promoted apoptosis of PTC cells, indicating that ANXA10 
down-regulation could effectively inhibit PTC occurrence 
or progression.

TSG101 has been extensively implicated to play an 
oncogenic role in various cancers such as renal cell car-
cinoma, hepatocellular carcinoma, nasopharyngeal car-
cinoma and squamous cell/adenosquamous carcinomas 
(Chua et al. 2019; Liu et al. 2019, 2014; Xu and Zheng 
2019). Consistent with a previous report (Liu et  al. 
2002), our results showed the up-regulated expression 
of TSG101 in PTC cell lines, strengthening the evidence 
that TSG101 plays a role in mediating tumorigenesis of 
human PTC. Importantly, we verified the direct interaction 
between ANXA10 and TSG101. Further results showed 
that ANXA10 silence down-regulated the expression of 
TSG101. Therefore, we speculated that ANXA10 knock-
down may exerted its inhibitory effect on PTC tumorigen-
esis via binding to TSG101 and down-regulating TSG101 
expression. In accordance with this hypothesis, results 
showed that TSG101 overexpression blocked all the effects 
of ANXA10 silence on PTC cells.

The MAPK signaling pathway consists of multiple sub-
pathways including MAPK/ERK, MAPK/JNK and MAPK/
p38. The abnormal regulation of the MAPK signaling 

Fig. 6   ANXA10 silence suppresses the activation of MAPK/ERK 
signaling, but TSG101 overexpression blunts this effect. The protein 
expression of p-ERK/ERK, p-JNK/JNK and p-p38/p38 in control 

BCPAP cells or cells that transfected with indicated plasmids was 
detected by western blotting assay. ***P < 0.001 vs. Control group. 
##P < 0.01 vs. sh-NC group

Journal of Bioenergetics and Biomembranes (2021) 53:429–440438



1 3

pathway can lead to cancer (Sabio and Davis 2014). Stud-
ies have shown that the MAPK signaling pathway also 
plays a key regulatory role in the occurrence and develop-
ment of TC, leading to the proliferation, growth, migration 
and survival of TC cancer cells, as well as tumor angio-
genesis, invasion and metastasis (Xing 2013). Therefore, 
inhibiting the activation of MAPK signaling pathway may 
provide a new strategy for the treatment of TC.

It is worth noting that ANXA10 can inhibit the prolif-
eration of oral squamous cell carcinoma cells by inhibiting 
the MAPK signaling pathway (Shimizu et al. 2012). Fur-
thermore, interference with the expression of TSG101 has 
been reported to inhibit the proliferation of breast cancer 
cells by preventing the activation of the MAPK/ERK sign-
aling pathway (Zhang et al. 2011). Subsequently, we inves-
tigated the expression of MAPK/ERK, MAPK/JNK and 
MAPK/p38 in PTC cells in response to ANXA10 silence 
and TSG101 overexpression. We found that ANXA10 
silence significantly inhibited the phosphorylation of ERK, 
but had no significant effect on p-JNK/JNK and p-p38/p38 
expressions. In addition, TSG101 overexpression blunted 
the inhibitory effect of ANXA10 silence on MAPK/ERK 
activation. These results revealed that ANXA10 knock-
down could inhibit MAPK/ERK signaling activation via 
down-regulating TSG101 expression. However, it could 
be observed that TSG101 overexpression didn’t canceled 
the effect of ANXA10 knockdown on PTC cells totally, 
suggesting the existence of other down-stream media-
tors or pathways involved in. Further studies are need to 
be performed to solve this problem. In addition, in vivo 
experiments using human samples or animal models will 
be carried out to further validate our findings.

Taken together, our study was the first to investigate the 
specific role of ANXA10 in PTC. The results indicated 
that ANXA10 was a novel potential oncogene in PTC, and 
its down-regulation could inhibit proliferation and promote 
apoptosis of PTC cells. TSG101 was a potential target of 
ANXA10, and MAPK/ERK signaling pathway mediated 
the function of ANXA10/TSG101 axis in PTC. This study 
implicated the potential application of ANXA10/TSG101 
axis in the prognosis and treatment of PTC.
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