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Tescalcin promotes highly invasive papillary 
thyroid microcarcinoma by regulating FOS/ERK 
signaling pathway
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Abstract 

Background:  Part of papillary thyroid microcarcinoma (PTMC) has a high risk of tumor invasion and metastasis, 
which may occur in the regional lymph node metastasis or distant metastasis, severely threatening the life of patients. 
Invasion and metastasis are tightly involved in the proliferation, migration and invasion in cancer. This study aimed to 
investigate the role of tescalcin (TESC) in the proliferation, migration and invasion of PTMC.

Methods:  The expressions of TESC in PTMC tissues and cells were detected by immunohistochemistry or qRT-PCR. 
Then, TPC-1 and BHT101 cells transfected with TESC-RNAi were used for the transcriptome sequencing. The prolifera-
tion, apoptosis, migration and invasion of TPC-1 and BHT101 cells were detected by CCK-8, colony formation, flow 
cytometric assay, transwell migration and scratch test. Moreover, TESC-RNAi transfected TPC-1 and BHT101 cells were 
subcutaneously injected into mice. Tumor volume and weight were calculated, and the positive rate of Ki-67 was 
determined by immunohistochemistry. Finally, the levels of c-Fos, ERK1/2 and p-ERK1/2 were determined by western 
blot.

Results:  The expressions of TESC in PTMC tissues and cell lines were prominently enhanced. Transcriptome sequenc-
ing results showed that c-Fos was decreased in TPC-1 and BHT101 cells transfected with TESC-RNAi, which was 
associated with multiple different signaling pathways including the MAPK signaling pathway. Furthermore, TESC pro-
moted the progress of PTMC by regulating the expression of c-Fos, which might be associated with the ERK signaling 
pathway.

Conclusions:  TESC promoted the growth and metastasis of PTMC through regulating c-Fos/ERK1/2.

Keywords:  Tescalcin, Papillary thyroid microcarcinoma, Invasion, Metastasis, FOS, ERK1/2

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
In the last few decades, the occurrence of papillary 
thyroid carcinoma (PTC) has been increasing all over 
the world, with the incidence continually increasing 
between 1973 and 1977 and 1998–2002 [1, 2]. With the 

improved understanding of thyroid nodule disease and 
the advancement of ultrasound examination technology, 
the detectable rate of papillary thyroid microcarcinoma 
(PTMC) has increased in recent years [3]. According to 
World Health Organization (WHO), an incidental PTC 
with the longest diameter ≤ 1 cm was defined as PTMC 
[4]. Generally, patients diagnosed with PTMC have a 
favorable prognosis, and the risk of distant metastasis is 
relatively low, resulting in a mortality rate as low as 0.5% 
for PTMC [5]. Although most PTMC was low risk, it is 
unavoidable that a few PTMC possessed a high risk for 
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tumor invasion and metastasis. Therefore, studying the 
aggressive PTMC was indispensable for offering the most 
comprehensive treatment.

Tescalcin (TESC), also known as calcineurin B homol-
ogous protein 3 (CHP3), was first discovered as a differ-
entially expressed gene in the development of embryonic 
mouse testis [6]. Since TESC contained an EF-hand motif 
that is characteristic of a large family of Ca2+-binding 
proteins, it is supposed to be involved in cell growth and 
differentiation [7]. Previous studies have proved that 
abnormal expression of the TESC was associated with 
many types of malignant tumors including melanoma, 
gastric cancer, renal cell carcinoma, and colorectal cancer 
[8–10]. Importantly, researchers have demonstrated that 
altered the expression of TESC is also related to radia-
tion-induced PTC in pediatric patients exposed to radio-
active fallout from the Chernobyl disaster [11]. However, 
the role of TESC in the occurrence and development of 
PTMC remained unclear.

c-Fos, one of activator protein 1 (AP-1) component 
members, was involved in a variety of biological pro-
cesses, such as cell cycle progression, proliferation, dif-
ferentiation, migration, angiogenesis and apoptosis [12, 
13]. Furthermore, c-Fos can act as a differentiation tran-
scription factor for bone-resorbing cells and osteoclasts 
[14]. On the other hand, it also plays a momentous role 
in tumor formation and inhibition [15]. Knockdown of 
c-Fos was demonstrated to cause the increase of apop-
tosis and the alteration of apoptosis-associated proteins 
expression in MCF-7/ADR cells [16]. It was also reported 
that the colon cancer cells invasion was regulated via 
ERK/c-Fos/MMP-7 signaling axis, and the metastasis of 
colon cancer cells may be treated by the suppression of 
the ERK/c-Fos/MMP-7 signaling pathway [17].

In the present study, TESC was notably increased both 
in PTMC tissues and cells. Then, we conducted a series 
of experiments to investigate the regulative role of TESC 
mainly in TPC-1 and BHT101. Furthermore, the under-
lying molecular mechanism of TESC in PTMC has also 
been clarified.

Methods
Cells and tissue samples
Human thyroid carcinoma cell lines TPC-1, BHT101, 
8305C and CAL-62, and human normal thyroid cell lines 
Nthy-ori 3–1 were purchased from Procell (Wuhan, 
China). Cells were cultured in DMEM (Sigma Aldrich, 
America) supplied with 0.1% FBS (HyClone; Cytiva) and 
1% streptomycin and penicillin (Sigma Aldrich, America) 
and maintained at 37 °C with 5% carbon dioxide (CO2). A 
collection of 10 pairs of human PTMC tissues and cor-
responding PTMC-adjacent tissues were acquired from 
West China Hospital of Sichuan University according 

to the institutional guidelines. No patients had received 
chemotherapy or radiotherapy prior to surgical resec-
tion. Written informed consent was obtained for use of 
the tissues. This study was approved by the Ethics Review 
Board of West China Hospital of Sichuan University.

Animals experiment
Four-week-old nude mice were purchased from Chengdu 
Dossy Experimental Animals CO., LTD. Mice were 
housed under pathogen-free conditions and in a temper-
ature-controlled room illuminated for 12 h daily. Follow-
ing acclimation for 1 week, mice were divided into the 
sh-NC and the sh-TESC group (n = 6). Mice in the sh-
TESC group were subcutaneously injected TESC-RNAi 
transfected cells (a total of 1 × 106), while mice in the 
sh-NC were subcutaneously injected with the same vol-
ume of negative control (NC)-RNAi transfected cells to 
build the xenograft model. Tumor formation was moni-
tored by detecting tumor volumes and weights. The study 
was carried out in compliance with the ARRIVE guide-
lines. The protocol was approved by the Institutional 
Animal Care and Use Committee of Sichuan University. 
Animals received humane care in accordance with study 
guidelines established by the second affiliated hospital of 
Sichuan University.

Immunohistochemical staining (IHC)
The tissues of PTMC and non-PTMC from patients 
were fixed in 4% paraformaldehyde at room tempera-
ture, embedded in paraffin wax, and cut into 5 μm sec-
tions. The sections were then dewaxed with xylene and 
ethanol gradient and had their endogenous peroxidase 
activities quenched using 3% hydrogen peroxide at room 
temperature for 10 min. Anti-TESC antibody (1:200, cat. 
no. 11125–1-AP, Proteintech, USA) was incubated with 
the sections overnight at 4 °C before the sections were 
incubated with biotinylated secondary antibodies at 37 °C 
for 30 min. Diaminobenzidine was used for histochemi-
cal reactions and hematoxylin was used for counterstain-
ing. Histological examination was performed on a light 
microscope (Olympus, Japan) and the images were ana-
lyzed using the Image-Pro Plus software (Media Cyber-
netics, Inc., Rockville, MD, USA). In addition, tumor 
tissues of mice were collected and fixed with 4% para-
formaldehyde. Then, paraffin sections (5 μm) were ana-
lyzed by IHC with anti-Ki-67 antibody (1:200, cat. no. 
ab16667, abcam, USA).

Quantitative reverse transcriptase‑polymerase chain 
reaction (qRT‑PCR)
Total RNA was extracted from cell samples using TRIzol 
reagent (TaKaRa Biotechnology Co., Ltd., Dalian, China) 
according to the manufacturer’s specifications. The 
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cDNA was synthesized with a PrimeScript RT reagent 
Kit (Takara, RR047A) with the manufacturer’s instruc-
tion. qRT-PCR was carried out by the Bio-Rad ScripTM 
cDNA Synthesis Kit (Bio-Rad Laboratories, Inc., Her-
cules, CA, USA). The primer sequences were shown 
as follows: TESC (Forward primer: 5′-GTC​GGG​AAA​
CCC​TCA​CAT​CG-3′, Reverse primer: 5′-CGA​AGG​TGA​
TCC​CCT​CGT​AC-3′), c-FOS (Forward primer: 5′-CCA​
TTA​CAG​CTG​TGG​CTA​CGAGT-3′, Reverse primer: 
5′-GGT​CTG​TTC​GAT​GTT​CCT​CAAG-3′), and GAPDH 
(Forward primer: 5′-TAT​CGG​ACG​CCT​GGT​TAC​
-3′, Reverse primer: 5′-CGT​TCA​AGT​TGC​CGT​GTC​
-3′). The qRT-PCR amplification conditions were as fol-
lows: 95 °C for 5 min, 95 °C for 15 s and 60 °C for 30 s of 
40 cycles. GAPDH was the internal control. The level of 
genes was analyzed by the comparative threshold cycle 
method (2-△△CT method), where ΔΔCT = ΔCT treatment- 
ΔCT control and ΔCT = Ct target - Ct reference.

Cell transfection
Three target RNAi sequences of TESC (TESC-RNAi 1: 
GGC​CTG​GCT​GAT​GAG​ATC​AAT; TESC-RNAi 2: CCG​
GAA​GGA​GAA​GCT​GAG​ATT; TESC-RNAi 3: CCG​
CAT​CAC​TCT​GGA​AGA​ATA) and the negative con-
trol sequence (NC: TTC​TCC​GAA​CGT​GTC​ACG​T) 
were cloned into the GV493 vector (Genechem, China). 
Subsequently, the constructed vector was transfected 
into TPC-1 and BHT101 cells using Polybrene (Sigma 
Aldrich, America), respectively. The relative expres-
sion level of TESC was determined using qRT-PCR after 
16 h. The most significant reduction in TESC expression 
was selected from the three TESC-RNAi for subsequent 
experiments.

The sequences of TESC were synthesized and inserted 
into vector plasmids pcDNA obtained from Vigene Bio-
sciences (Rockville, America), and then was transfected 
into TPC-1 and BHT101 cells using Lipofectamine 3000 
(Invitrogen, America) for following assays. The RNAi 
sequences of c-Fos (sense sequence: 5′-CAC​CGC​TTC​
ATT​CCC​ACG​GTC​ACT​TTC​AAG​AGA​AGT​GAC​
CGT​GGG​AAT​GAA​GTT​TTTTG-3′ and the antisense 
sequence: 5′-GAT​CCA​AAA​AAC​TTC​ATT​CCC​ACG​
GTC​ACT​TCT​CTT​GAA​AGT​GAC​CGT​GGG​AAT​
GAAGC-3′) were cloned into GV493 vector (Gene-
chem, China), and then transfected into TPC-1 and 
BHT101 cells using Polybrene (Sigma Aldrich, America), 
respectively.

Cell counting Kit‑8 assay
TPC-1 and BHT101 cells were inoculated in 96-well 
plates with a density of 1 × 105/well and then main-
tained for 24 h at 37 °C in 5% CO2. Subsequently, the 
proliferation of cells was detected using the Cell Count 

Kit-8 (Dojindo Laboratories, Kumamoto, Japan) accord-
ing to the manufacturer’s protocol. The absorbance 
was recorded at 450 nm by a microplate reader (Ther-
moFisher, America).

Colony formation assay
TPC-1 and BHT101 cells were inoculated in 6-well plates 
with a density of 1 × 104/well at 37 °C for 14 days. Then, 
the clone numbers were counted manually after colonies 
were immobilized and stained with 4% paraformalde-
hyde and 0.1% crystal violet (Sigma Aldrich, America) for 
30 min, respectively.

Cell transwell invasion and migration assay
Cells were digested and resuspended with 1 × 106/ml 
after 24 h transfection. For the cell invasion, the tran-
swell chamber was spread with the Matrigel matrix with 
serum-free medium dilution, and then appended with 
the cell suspension. Cells were hatched at 37 °C and 5% 
CO2. Cells were immobilized with 4% paraformalde-
hyde and stained with 0.1% crystal violet (Sigma Aldrich, 
America) for 15 min after 24 h culture. The images were 
photographed and counted using microscopy (Olym-
pus, Japan). The scratch assay was used to detect cell 
migration. Cell suspension was seeded onto the 6-well 
plate after drawing horizontal lines on the back of the 
plate. And the sterile spearhead was used to scratch the 
cells vertically relative to the lines on the back of the 
plate. Cells were washed with PBS, and then cultured in 
fresh FBS-free medium for 24 h and cell migration was 
observed under a microscope (Olympus, Japan).

Flow cytometry assay
TPC-1 and BHT101 cells after transfection were col-
lected and stained with Annexin V-APC and PI (Sigma 
Aldrich, America) at room temperature for 20 min in the 
dark. The fluorescence of the cells was measured by flow 
cytometry (BD FACSVerse, America).

RNA‑seq library preparation and Illumina sequencing
The total RNA from TPC-1 and BHT101 cells samples 
treated with TESC-RNAi or NC-RNAi was extracted 
using TRIzol reagent (TaKaRa Biotechnology Co., Ltd., 
Dalian, China) according to the manufacturer’s specifica-
tions. The integrity and purity of the acquired RNA were 
analyzed by an Agilent BioAnalyzer 2100. The mRNA-
Seq libraries were established using an Illumina TruSeq 
RNA Sample Prep Kit (Beijing Novogene Zhiyuan Tech-
nology Co., Ltd., China). Briefly, the mRNA was puri-
fied from total RNA by poly-T oligo-attached magnetic 
beads, and then the purified mRNA was reversely tran-
scribed into cDNA. The Illumina HiSeq 2500 sequenc-
ing platform was employed to perform the sequencing in 
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paired-end reads after cDNA was linked to the adaptor 
and amplified using PCR. The reads were mapped to the 
Homo sapiens genome using TopHat v1.4.1 with default 
parameters (−r 400 -p 8) after mRNA-Seq data were pre-
processed. The quality of data from mRNA sequencing 
was evaluated using the FastQC method (http://​www.​
bioin​forma​tics.​babra​ham.​ac.​uk/​proje​cts/​fastqc/).

Bioinformatics analysis of mRNA‑seq data
Trimmomatic (v0.30) was utilized to remove the adap-
tor sequences and the low-quality (< 20) bases at the 5′ 
and 3′ ends. Subsequently in order to obtain the clean 
reads ≥70 bp for subsequent analysis. The RSEM (https://​
www.​biost​at.​wisc.​edu/​~cdewey/) was employed to ana-
lyze the gene abundances. The differentially expressed 
genes (DEGs) between two groups were obtained after 
each gene expression was quantified according to FPKM 
values (expected number of fragments per kilobase of 
transcript sequence per million base pairs sequenced) 
mapped to the clean reads. The DGEs from TPC-1 and 
BHT101 cells were screened, and then intersections were 
taken (control group and gene interference group|log2 
fold change (FC)| ≥ 1.5). The screened differential expres-
sion bases are verified in TGCA. The DEGs in GO func-
tional enrichment and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway [18] were analyzed using Ami 
GO with the default parameters and Cytoscape with the 
ClueGO plugin. The obtained DEGs were performed the 
gene enrichment analysis using DAVID or metascape 
software.

Western blot analysis
Cells were collected and lysed using RIPA lysis buffer 
(Boster, Wuhan, China) containing 1% protease inhibi-
tors, and the concentrations of proteins were calculated 
using the BCA protein quantification kit (Abcam, UK) in 
accordance with the manufacturer’s specifications. Then, 
protein samples were separated with 12% SDS-PAGE and 
electrically transferred onto PVDF membranes (EMD 
Millipore, Billerica, MA, USA). The membranes were 
blocked in TBST (Sigma Aldrich, America) (contain-
ing 5% skimmed milk) at room temperature for 1 h, and 
then incubated with primary antibodies at 4 °C overnight. 
After rinsing with TBST for 3 × 5 min, the membrane 
was incubated with goat-anti-rabbit IgG (H + L)-HRP (1: 
5000, 31,460, Thermo Fisher, diluted in TBST contain-
ing 5% skimmed milk) for 1 h at room temperature. The 
reaction was visualized using an enhanced chemilumi-
nescence detection kit DAB (Bio-Rad Laboratories, Inc.). 
The gray value was obtained using Image-ProPlus soft-
ware (Media Cybernetics, Inc., Rockville, MD, USA). The 
primary antibodies used were as follows: c-Fos (cat. no. 
4384), ERK1/2 (cat. no. 9102), p-ERK1/2 (cat. no. 9101), 

E-cadherin (cat. no. 3195), N-cadherin (cat. no. 13116), 
Vimentin (cat. no. 5741) and Snail (cat. no. 3879), and 
β-actin (cat. no. 4970; Cell Signaling Technology, Inc., 
Danvers, MA, USA) at 1: 1000 dilutions.

Statistical analysis
Data were shown as the means ± SD. The student’s t-test 
was used to analyze the data with only two groups, while 
the one-way analysis of variance was used to analyze 
the differences among multiple groups by the SPSS 22.0 
statistical software (IBM, Armonk, New York, USA) fol-
lowed by Post-hoc Bonferroni test. The differences were 
considered statistically significant when p < 0.05.

Results
TESC facilitated proliferation, migration, and invasion 
of PTMC
To reveal the expression pattern of TESC in PTMC, the 
human PTMC tissues and corresponding PTMC-adja-
cent tissues were subjected to detect the TESC expres-
sion by IHC. As shown in Fig.  1A, the percentage of 
positive cells in human PTMC tissues was significantly 
increased compared with the corresponding PTMC-
adjacent tissues, suggesting that TESC protein was sig-
nificantly up-regulated in human PTMC tissues. And 
the mRNA expressions of TESC in the human thyroid 
carcinoma cell lines TPC-1, BHT101, 8305C and CAL-62 
were also prominently enhanced compared to that in the 
human normal thyroid cell line Nthy-ori 3–1 (Fig.  1B). 
Moreover, to investigate the role of TESC in PTMC, 
TPC-1 and BHT101 were selected for subsequent stud-
ies, and the expression of TESC was interfered by three 
TESC-RNAi. The interference efficiency was assessed 
using qRT-PCR. The results showed that all three TESC-
RNAi can effectively inhibit the level of TESC, of which 
the interference efficiency of TESC-RNAi 2 was the best 
both in TPC-1 and BHT101 cells (Fig. 1C). Thus, TESC-
RNAi 2 was used for further assays and designated as 
TESC-RNAi. Then, CCK-8 and colony formation assays 
revealed that TESC-RNAi observably declined the prolif-
eration of TPC-1 and BHT101 (Fig. 1D and E). The apop-
tosis rate of TPC-1 and BHT101 cells was dramatically 
promoted by TESC-RNAi according to flow cytometry 
assay (Fig. 1F). And the migration and invasion abilities 
of TPC-1 and BHT101 cells were markedly inhibited by 
TESC-RNAi (Fig. 1G and H). Moreover, after mice were 
subcutaneously injected with TESC-RNAi transfected 
TPC-1 and BHT101 cells, the tumor volume and weight 
were significantly reduced, and the positive rate of Ki-67 
was also signally lower than of the sh-NC group (Fig.  1 
I-K). Briefly, these results suggested that TESC effectively 
promoted the proliferation, migration and invasion, and 
suppressed the apoptosis of TPC-1 and BHT101 cells.

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://www.biostat.wisc.edu/~cdewey/
https://www.biostat.wisc.edu/~cdewey/
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C‑Fos was down‑regulated in TPC‑1 and BHT101 cells 
transfected with TESC‑RNAi
After TESC-RNAi were transfected into TPC-1 and 
BHT101 cell lines to knockdown TESC respectively, 
transcriptome sequencing was executed for these two 
cell lines. c-Fos was found to be down-regulated both 
in TPC-1 and BHT101 cells according to TOP 20 of 
down-regulated genes (Fig. 2 A and B). Thus, we further 

analyzed the top 10 enriched KEGG pathways of c-Fos 
both in TPC-1 and BHT101 cells. According to the c-Fos 
enrichment pathways, the intersection of the two cell 
lines was taken to determine a KEGG diagram. As shown 
in Fig.  2C, the enriched KEGG pathways involved in 
c-Fos mainly contained MAPK signaling pathway, PI3K-
Akt signaling pathway, TNF signaling pathway, non-alco-
holic fatty liver disease, C-type lectin receptor signaling 
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Tumor

A B C D

TPC-1

BHT101

NC-RNAi TESC-RNAi

TPC-1

BHT101

NC-RNAi TESC-RNAi

NC-RNAi TESC-RNAi

TPC-1

BHT101

BHT101TPC-1

NC-RNAi TESC-RNAi NC-RNAi TESC-RNAi

0 h
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G H
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TPC-1

BHT101
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Fig. 1  TESC effectively promoted the proliferation, migration, invasion, and inhibited the apoptosis of PTMC. A The expression of TESC in PTMC 
tissues and PTMC-adjacent tissues was detected by IHC, and the expression change of TESC was statistically analyzed. B The mRNA expression of 
TESC in the cells was detected using qRT-PCR. C Three target RNAi sequences of TESC were cloned into GV493 vector, and then were transfected 
into TPC-1 and BHT101 cells using Polybrene, respectively. The interference efficiency was determined by qRT-PCR. D and E The effect of TESC 
on the proliferation of TPC-1 and BHT101 cells was detected by CCK8 and colony formation assay. F The apoptosis rate of TPC-1 and BHT101 cells 
was determined by flow cytometric assay. G The effect of TESC on the migration of TPC-1 and BHT101 cells was examined by scratch test. H The 
effect of TESC on the invasion abilities of TPC-1 and BHT101 cells was examined by transwell assay. I and J TESC-RNAi transfected (a total of 2 × 106) 
or control cells were subcutaneously injected into the flanks of nude mice. Tumor volume and weight were measured. K The level of Ki-67 was 
detected by IHC after the inhibition of TESC. The means ± SD of three independent samples were shown. *p < 0.05
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pathway and IL-17 signaling pathway. Thus, c-Fos was 
decreased in TPC-1 and BHT101 cells transfected with 
TESC-RNAi, which was associated with multiple differ-
ent signaling pathways.

A directly positive correlation between TESC and c‑Fos 
in TPC‑1 and BHT101 cells
To verify the correlation between TESC and c-Fos, the 
mRNA and protein levels of c-Fos were determined 
after the expression of TESC was downregulated and 
upregulated in TPC-1 and BHT101 cells respectively. 
The downregulated and upregulated mRNA and protein 
expressions of c-Fos were accord with the inhibition and 
overexpression of TESC both in TPC-1 and BHT101 
cells respectively, which indicated a positive correlation 
between TESC and c-Fos in TPC-1 and BHT101 cells 
(Fig. 3).

TESC promoted the progress of PTMC by regulating 
the expression of c‑Fos
Then, whether the progress of PTMC was significantly 
regulated after TESC targeting to c-Fos was investi-
gated. As shown in Fig.  4, the proliferation, migration 
and invasion abilities of TPC-1 and BHT101 were sig-
nificantly increased after overexpression of TESC, 
which was reversed by FOS-RNAi. Meanwhile, the 
proliferation, migration and invasion abilities of TPC-1 
and BHT101 in the NC-OE + FOS-RNAi group were 
prominently declined compared to these in NC-OE 
group, suggesting the effectiveness of FOS-RNAi in 

inhibiting the proliferation, migration and invasion of 
TPC-1 and BHT101 (Fig. 4). Collectively, these results 
indicated TESC promoted the progress of PTMC by 
regulating the expression of c-Fos.

Interaction of TESC and c‑Fos via ERK1/2
According to the transcriptome sequencing analysis, 
TESC interacted with c-Fos might associate with mul-
tiple different signaling pathways including the MAPK 
signaling pathway. Therefore, we detected the protein 
expression of ERK, one of MAPK, in TESC-depleted 
and in FOS-depleted cells respectively. The results 
showed that the expression of p-ERK1/2 in the TESC-
RNAi and FOS-RNAi was significantly decreased com-
pared with the NC-RNAi group, confirming that TESC 
and c-Fos may be closely related to the MAPK cascade 
(Fig. 5A and B). Then, ERK inhibitor AG-126 was used 
to investigate the role of ERK1/2 in the interaction of 
TESC and c-Fos. Consistently, overexpression of TESC 
notably enhanced the protein level of c-Fos both in 
TPC-1 and BHT101 cells. However, the use of ERK 
inhibitor AG-126 dramatically reduced the upregu-
lated protein level of c-Fos caused by overexpression 
of TESC both in TPC-1 and BHT101 cells (Fig. 5C and 
D). Meanwhile, the protein level of c-Fos in the AG-126 
group was markedly lower than these in the NC-OE 
group both in TPC-1 and BHT101 cells (Fig.  5C and 
D). In addition, the phosphorylated level of ERK1/2 
was observably increased after overexpression of TESC, 
which was markedly reversed by AG-126 treatment 
(Fig. 5C and D). Taken together, TESC maybe interact 

Fig. 2  GO and KEGG enrichment analysis of TPC-1 and BHT101 cells transfected with TESC-RNAi. The target RNAi sequences of TESC was cloned 
into GV493 vector, and then were transfected into TPC-1 and BHT101 cells using Polybrene, respectively. Subsequently, TPC-1 and BHT101 cells 
were executed the transcriptome sequencing. A and B GO enrichment analysis of DEGs in TPC-1 and BHT101 cells, respectively. C KEGG enrichment 
analysis of an intersection of TPC-1 and BHT101 cells



Page 7 of 11Zou et al. BMC Cancer          (2022) 22:595 	

with c-Fos through ERK1/2 in TPC-1 and BHT101 
cells.

Discussion
PTMC is the solid malignant tumor with the fastest 
annual growth rate [19]. The explosive growth has been 
made PTMC occupy an important position in the surgi-
cal treatment of thyroid cancer in many clinical centers. 

PTMC that possessed high risk for tumor invasion and 
metastasis has been received more and more attention. 
Invasion is tightly involved in the proliferation, migra-
tion and invasion in cancer. TESC, a Ca2+ sensor plays 
a crucial role in driving cell growth and differentiation 
programs [7]. Furthermore, the altered expression of 
TESC has been reported in radiation-induced PTC in 
pediatric patients [11]. In the present study, we found 
TESC could act as a potential biomarker of PTMC, and 

Fig. 3  A directly positive correlation between TESC and c-Fos in TPC-1 and BHT101 cells. The mRNA and protein level of c-Fos were determined 
after the expression of TESC was downregulated and upregulated in TPC-1 and BHT101 cells respectively. A The relative mRNA level of c-Fos was 
detected using qRT-PCR after the inhibition of TESC in TPC-1 and BHT101 cells. B The relative protein level of c-Fos was shown as a bar graph after 
the inhibition of TESC in TPC-1 and BHT101 cells. C The proteins expression of c-Fos was examined by western blot assay after the inhibition of TESC 
in TPC-1 and BHT101 cells. D The relative mRNA level of c-Fos was detected using qRT-PCR after the overexpression of TESC in TPC-1 and BHT101 
cells. E The relative protein level of c-Fos was shown as a bar graph after the overexpression of TESC in TPC-1 and BHT101 cells. F The proteins 
expression of c-Fos was examined by western blot assay after the overexpression of TESC in TPC-1 and BHT101 cells. Data in qRT-PCR assay were 
expressed after being normalized to GAPDH. Data in western blot assay were expressed after being normalized to β-actin. The means ± SD of three 
independent samples were shown. *p < 0.05

(See figure on next page.)
Fig. 4  TESC promoted the progress of PTMC by regulating the expression of c-Fos in TPC-1 and BHT101 cells. A-C The effect of TESC on the 
proliferation of TPC-1 and BHT101 cells was detected by CCK8 and colony formation assay. D and E The effect of TESC on the migration of TPC-1 
and BHT101 cells was examined by scratch test. F and G The effect of TESC on the invasion abilities of TPC-1 and BHT101 cells was examined by 
transwell assay. H The proteins expressions of EMT associated proteins E-cadherin, N-cadherin, Vimentin and Snail were examined by western blot 
assay. Data in western blot assay were expressed after being normalized to β-actin. The means ± SD of three independent samples were shown. 
*p < 0.05
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investigated the effect and molecular mechanism of 
TESC on PTMC proliferation, migration and invasion.

TESC was found to be upregulated in both thyroid can-
cer tissues and cells in this study, which was the same as 
various cancers, including colorectal cancer, melanoma, 

renal cell carcinoma and gastric cancer [8, 10, 20]. 
Although several molecular markers of PTMC, includ-
ing BRAFV600E [21], TERT [22] and Thyroglobulin [23] 
have been used in the clinics, the practicality is still con-
troversial due to diverse reasons. Therefore, TESC maybe 

Fig. 5  TESC interacted with c-Fos through ERK1/2 in TPC-1 and BHT101 cells. A The relative protein level of ERK1/2 and phosphorylated ERK1/2 
was examined by western blot assay in TPC-1 and BHT101 cells treated with TESC-RNAi or FOS-RNAi. B The relative protein level of ERK1/2 and 
phosphorylated ERK1/2 was shown as a bar graph in TPC-1 and BHT101 cells treated with TESC-RNAi or FOS-RNAi. C Overexpressed plasmid of TESC 
was transfected into TPC-1 and BHT101 cells, and then cells were treated with ERK inhibitor AG-126. The proteins expression of c-Fos, ERK1/2 and 
phosphorylated ERK1/2 was examined by western blot assay. D The relative protein level of c-Fos, ERK1/2 and phosphorylated ERK1/2 was shown 
as a bar graph. Data in western blot assay were expressed after being normalized to β-actin. The means ± SD of three independent samples were 
shown. *p < 0.05
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an alternative prognostic biomarker in PTMC, in which 
a large number of studies would be required investment.

TESC was demonstrated to participate in the cell pro-
liferation and differentiation of primary megakaryocytes, 
and suppression of TESC inhibited megakaryocytic dif-
ferentiation [24]. Moreover, the effect of TESC on cancer 
development was investigated in a variety of tumors as 
well. For instance, downregulation of TESC declined the 
colorectal cancer cell migration and invasion through the 
suppression of the EMT and MMP signaling pathway [9]. 
The growth and metastasis of HT29 (colon cancer) and 
AGS (gastric cancer) cells were inhibited by TESC inter-
ference [25]. Repression of TESC suppressed the growth 
and metastasis of renal cell carcinoma through down-
regulating NHE1 and NF-kB signaling [10]. In accord-
ance with these previous results, our data revealed that 
inhibition of TESC through small interference RNA 
prominently restrained the proliferation, migration and 
invasion of TPC-1 and BHT101 cells. Furthermore, the 
sensibility of Ki-67 was positively related to the prolifera-
tion of tumors [26]. The volume and weight of tumor, and 
the relative IHC staining index of Ki-67 ki-67 were signif-
icantly lower with TESC-RNAi treatment in vivo, which 
also confirmed that downregulation of TESC repressed 
cell growth. Thus, TESC promoted the proliferation and 
metastasis of TPC-1 and BHT101 cells.

TESC was shown to directly bind several partners and 
effectors, including Na+/H+ exchanger NHE1, protein 
kinase glycogen-synthase kinase 3 (GSK3) and subunit 
4 of the COP9 signalosome (CSN4) [7]. In the present 
study, the expression of c-Fos was prominently reduced 
in both TESC-RNAi transfected TPC-1 and BHT101 cells 
through transcriptomic technology, which was confirmed 
in TPC-1 and BHT101 cells treated with knockdown or 
overexpression of TESC. Thus, there may be a positive 
interaction existing between TESC and c-Fos. The level 
of c-Fos was correlative with the clinicopathologic char-
acteristics including sex, grade, perineural invasion and 
stages, as well as prognosis in pancreatic cancer [27]. Our 
results showed that the upregulated proliferation, migra-
tion and invasion abilities of TPC-1 and BHT101 caused 
by overexpression of TESC were significantly declined 
through the inhibition of c-Fos. Thus, TESC promoted 
the growth and metastasis of PTMC by regulating the 
expression of c-Fos in TPC-1 and BHT101 cells.

ERK1/2 located at the terminal kinase in the MAPK 
signaling pathway can be transported to the nucleus 
to modulate various biological functions, including 
growth, differentiation, migration and apoptosis [28]. 
Moreover, ERK1/2 is closely associated with the pro-
cess of cancer. It has been reported that ERK1/2 plays 
an important role in tumor proliferation, invasion and 
metastasis, migration and angiogenesis [29]. In the 

present study, TESC-RNAi and FOS-RNAi significantly 
reduced the expression of p-ERK1/2 in TPC-1 and 
BHT101 cells. In addition, the protein level of c-Fos 
was notably enhanced via overexpression of TESC, 
which was reversed by the ERK inhibitor AG-126 treat-
ment, thereby TESC targeting c-Fos through ERK1/2. 
Furthermore, pharmacological interference of ERK1/2 
inhibited the TESC upregulation, which suggested 
that TESC acts downstream of ERK1/2 [24]. Thus, we 
speculated there may be a feedback ERK1/2/TESC/
FOS/ERK1/2 signaling axis, which was needed further 
studies.

In summary, our results showed that the level of 
TESC was enhanced in thyroid cancer tissues and cells. 
In addition, TESC promoted the growth and metastasis 
of TPC-1 and BHT101 cells by regulating the expres-
sion of c-Fos. Meanwhile, there may be a TESC/FOS/
ERK1/2 signaling axis in the TPC-1 and BHT101 cells. 
Previous studies have demonstrated that the expres-
sion of ERK was enhanced in a variety of cancer [30–
32]. Blockade of the level of ERK signaling pathway 
repressed the growth of cancer cells [33]. Thus, the 
effect of ERK1/2 inhibitor on the growth and metas-
tasis of PTMC might need further research. Briefly, 
the results provided a theoretical basis for the clinical 
development of diagnosis and therapy for PTMC.

Acknowledgements
Not application.

Authors’ contributions
YG, XZ and QZ conceived the idea and designed the study. XZ, QZ, YN and JG 
performed the experiments. XZ, QZ, JY, JZ and ZL performed the analysis and 
interpreted the results. XZ, QZ and YG wrote the manuscript; All authors read 
and approved the final manuscript.

Funding
This study was supported by grants from the Support Program of Science 
and Technology Department of Sichuan Province (grant no. 2020YJ0237), Key 
Research Project of Social Development Department of Science and Technol-
ogy Department of Sichuan Province (grant no. 2022YFS0110), Popular Appli-
cation Project of Health Commission of Sichuan Province (grant no. 21PJ045), 
and the 1.3.5 project for disciplines of excellence, West China Hospital, Sichuan 
University (grant no. ZYJC18025).

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available due the data also forms part of an ongoing study but are 
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was carried out in compliance with the ARRIVE guidelines. The 
protocol was approved by the Institutional Animal Care and Use Committee 
of Sichuan University. Animals received humane care were in accordance 
with study guidelines established by the second affiliated hospital of Sichuan 
University.

Consent for publication
Not application.



Page 11 of 11Zou et al. BMC Cancer          (2022) 22:595 	

Competing interests
The authors declare that they have no competing interests.

Author details
1 Thyroid and Parathyroid Surgery Center, West China Hospital, Sichuan 
University, No. 37 Guo Xue Xiang, Chengdu 610041, Sichuan, China. 2 West 
China School of Medicine, Sichuan University, Chengdu, China. 3 Department 
of pathology, West China Hospital, Sichuan University, Chengdu, China. 

Received: 6 September 2021   Accepted: 5 May 2022

References
	1.	 Li D, Gao M, Li X, Xing M. Molecular aberrance in papillary thyroid micro-

carcinoma bearing high aggressiveness: identifying a "Tibetan mastiff 
dog" from puppies. J Cell Biochem. 2016;117(7):1491–6.

	2.	 Parkin DM, Ferlay J, Curado MP, Bray F, Edwards B, Shin HR, et al. Fifty years 
of cancer incidence: CI5 I-IX. Int J Cancer. 2010;127(12):2918–27.

	3.	 Lu HZ, Qiu T, Ying JM, Lyn N. Association between BRAF(V600E) mutation 
and the clinicopathological features of solitary papillary thyroid microcar-
cinoma. Oncol Lett. 2017;13(3):1595–600.

	4.	 Pelizzo MR, Merante Boschin I, Toniato A, Piotto A, Bernante P, Pagetta C, 
et al. Papillary thyroid microcarcinoma. Long-term outcome in 587 cases 
compared with published data. Minerva Chir. 2007;62(5):315–25.

	5.	 Roti E. Degli Uberti EC, Bondanelli M, Braverman LE: thyroid papillary 
microcarcinoma: a descriptive and meta-analysis study. Eur J Endocrinol. 
2008;159(6):659–73.

	6.	 Perera EM, Martin H, Seeherunvong T, Kos L, Hughes IA, Hawkins JR, et al. 
Tescalcin, a novel gene encoding a putative EF-hand Ca2+−binding pro-
tein, Col9a3, and renin are expressed in the mouse testis during the early 
stages of gonadal differentiation**this work was supported in part by the 
Department of Pediatrics at the University of Miami School of medicine. 
Endocrinology. 2001;142(1):455–63.

	7.	 Kolobynina KG, Solovyova VV, Levay K, Rizvanov AA, Slepak VZ. Emerg-
ing roles of the single EF-hand Ca2+ sensor tescalcin in the regula-
tion of gene expression, cell growth and differentiation. J Cell Sci. 
2016;129(19):3533–40.

	8.	 Fan J, Xing Y, Wen X, Jia R, Ni H, He J, et al. Long non-coding RNA ROR 
decoys gene-specific histone methylation to promote tumorigenesis. 
Genome Biol. 2015;16(1):139.

	9.	 Kang J, Kang YH, Oh BM, Uhm TG, Park SY, Kim TW, et al. Tescalcin expres-
sion contributes to invasive and metastatic activity in colorectal cancer. 
Tumor Biol. 2016;37(10):13843–53.

	10.	 Luo AJ, Tan J, He LY, Jiang XZ, Jiang ZQ, Zeng Q, et al. Suppression of Tes-
calcin inhibits growth and metastasis in renal cell carcinoma via down-
regulating NHE1 and NF-kB signaling. Exp Mol Pathol. 2019;107:110–7.

	11.	 Stein L, Rothschild J, Luce J, Cowell JK, Thomas G, Bogdanova TI, et al. 
Copy number and gene expression alterations in radiation-induced 
papillary thyroid carcinoma from Chernobyl pediatric patients. Thyroid. 
2009;20(5):475–87.

	12.	 Wagner EF. Bone development and inflammatory disease is regulated by 
AP-1 (Fos/Jun). Ann Rheum Dis. 2010;69(Suppl 1):i86–8.

	13.	 Ren X, Song W, Liu W, Guan X, Miao F, Miao S, et al. Rhomboid domain 
containing 1 inhibits cell apoptosis by upregulating AP-1 activity and its 
downstream target Bcl-3. FEBS Lett. 2013;587(12):1793–8.

	14.	 Park JH, Lee NK, Lee SY. Current understanding of RANK signaling in 
osteoclast differentiation and maturation. Mol Cells. 2017;40(10):706–13.

	15.	 Kim R, Tanabe K, Emi M, Uchida Y, Inoue H, Toge T. Inducing cancer 
cell death by targeting transcription factors. Anti-Cancer Drugs. 
2003;14(1):3–11.

	16.	 Shi R, Peng H, Yuan X, Zhang X, Zhang Y, Fan D, et al. Down-regulation 
of c-fos by shRNA sensitizes adriamycin-resistant MCF-7/ADR cells to 
chemotherapeutic agents via P-glycoprotein inhibition and apoptosis 
augmentation. J Cell Biochem. 2013;114(8):1890–900.

	17.	 Jia ZC, Wan YL, Tang JQ, Dai Y, Liu YC, Wang X, et al. Tissue factor/activated 
factor VIIa induces matrix metalloproteinase-7 expression through activa-
tion of c-Fos via ERK1/2 and p38 MAPK signaling pathways in human 
colon cancer cell. Int J Color Dis. 2012;27(4):437–45.

	18.	 Kanehisa M, Furumichi M, Sato Y, Ishiguro-Watanabe M, Tanabe M. 
KEGG: integrating viruses and cellular organisms. Nucleic Acids Res. 
2021;49(D1):D545–d551.

	19.	 Kaliszewski K, Diakowska D, Wojtczak B, Migoń J, Kasprzyk A, Rudnicki J. 
The occurrence of and predictive factors for multifocality and bilaterality 
in patients with papillary thyroid microcarcinoma. Medicine (Baltimore). 
2019;98(19):e15609.

	20.	 Kang YH, Han SR, Kim JT, Lee SJ, Yeom YI, Min JK, et al. The EF-hand 
calcium-binding protein tescalcin is a potential oncotarget in colorectal 
cancer. Oncotarget. 2014;5(8):2149–60.

	21.	 Shi C, Guo Y, Lv Y, Nanding A, Shi T, Qin H, et al. Clinicopathological 
features and prognosis of papillary thyroid microcarcinoma for surgery 
and relationships with the BRAFV600E mutational status and expression 
of Angiogenic factors. PLoS One. 2016;11(12):e0167414.

	22.	 Ren H, Shen Y, Hu D, He W, Zhou J, Cao Y, et al. Co-existence of BRAFV600E 
and TERT promoter mutations in papillary thyroid carcinoma is associated 
with tumor aggressiveness, but not with lymph node metastasis. Cancer 
Manag Res. 2018;10:1005–13.

	23.	 Jeong JJ, Kang SW, Yun JS, Sung TY, Lee SC, Lee YS, et al. Comparative 
study of endoscopic thyroidectomy versus conventional open thyroidec-
tomy in papillary thyroid microcarcinoma (PTMC) patients. J Surg Oncol. 
2009;100(6):477–80.

	24.	 Levay K, Slepak VZ. Tescalcin is an essential factor in megakaryocytic 
differentiation associated with Ets family gene expression. J Clin Invest. 
2007;117(9):2672–83.

	25.	 Li J, Liang H, Bai M, Ning T, Wang C, Fan Q, et al. Liu R et al: miR-135b pro-
motes Cancer progression by targeting transforming growth factor Beta 
receptor II (TGFBR2) in colorectal Cancer. PLoS One. 2015;10(6):e0130194.

	26.	 Venkatesh HS, Morishita W, Geraghty AC, Silverbush D, Gillespie SM, Arzt 
M, et al. Electrical and synaptic integration of glioma into neural circuits. 
Nature. 2019;573(7775):539–45.

	27.	 Guo JC, Li J, Zhao YP, Zhou L, Cui QC, Zhou WX, et al. Expression of c-fos 
was associated with clinicopathologic characteristics and prognosis in 
pancreatic cancer. PLoS One. 2015;10(3):e0120332.

	28.	 Shin M, Franks CE, Hsu KL. Isoform-selective activity-based profiling of 
ERK signaling. Chem Sci. 2018;9(9):2419–31.

	29.	 Guo YJ, Pan WW, Liu SB, Shen ZF, Xu Y, Hu LL. ERK/MAPK signalling path-
way and tumorigenesis. Exp Ther Med. 2020;19(3):1997–2007.

	30.	 Bhartiya D, Singh J. FSH-FSHR3-stem cells in ovary surface epithelium: 
basis for adult ovarian biology, failure, aging, and cancer. Reproduction. 
2014;149(1):R35–48.

	31.	 Rao A. Herr, Deron R: G protein-coupled receptor GPR19 regulates 
E-cadherin expression and invasion of breast cancer cells. Biochimica Et 
Biophysica Acta Molecular Cell Research. 2017.

	32.	 Tang Q, Wu J, Zheng F, Hann SS, Chen Y. Emodin increases expression of 
insulin-like growth factor binding protein 1 through activation of MEK/
ERK/AMPKα and interaction of PPARγ and Sp1 in lung Cancer. Cell Physiol 
Biochem. 2017;41(1):339–57.

	33.	 Lefloch R, Pouysségur J, Lenormand P. Total ERK1/2 activity regulates cell 
proliferation. Cell Cycle. 2009;8(5):705–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Tescalcin promotes highly invasive papillary thyroid microcarcinoma by regulating FOSERK signaling pathway
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Cells and tissue samples
	Animals experiment
	Immunohistochemical staining (IHC)
	Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR)
	Cell transfection
	Cell counting Kit-8 assay
	Colony formation assay
	Cell transwell invasion and migration assay
	Flow cytometry assay
	RNA-seq library preparation and Illumina sequencing
	Bioinformatics analysis of mRNA-seq data
	Western blot analysis
	Statistical analysis

	Results
	TESC facilitated proliferation, migration, and invasion of PTMC
	C-Fos was down-regulated in TPC-1 and BHT101 cells transfected with TESC-RNAi
	A directly positive correlation between TESC and c-Fos in TPC-1 and BHT101 cells
	TESC promoted the progress of PTMC by regulating the expression of c-Fos
	Interaction of TESC and c-Fos via ERK12

	Discussion
	Acknowledgements
	References


