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ABSTRACT
Glioma-associated oncogene (Gli) antagonist-61 (GANT61) not only suppresses the malignant beha
vior of several cancers but also presents synergistic effects with other anticancer agents on suppres
sing the progression of cancers, while relevant information is rare in anaplastic thyroid carcinoma 
(ATC). This study aimed to explore the therapeutic effect of GANT61 in ATC and its molecular 
mechanism. ATC cells (8505C and CAL-62) were treated with GANT61, followed by detection of cell 
proliferation, apoptosis, invasion and epithelial-mesenchymal transition (EMT) markers. Subsequently, 
RNA sequencing was performed to explore the potential downstream pathway. Following that, 
rescue experiments were conducted by SC79 (AKT activator) or colivelin (STAT3 activator) mono
treatment or combined with GANT61 in ATC cells. GANT61 reduced Gli1 expression, suppressed 
proliferation at several time settings, promoted apoptosis, inhibited invasion and increased 
E-cadherin while decreased Vimentin and Snail expressions (EMT markers) in ATC cells. The subse
quent RNA sequence identified 85 upregulated differentially expressed genes (DEGs) and 71 down
regulated DEGs in GANT61-treated ATC cells, which were mainly enriched in PI3K/AKT, JAK/STAT, 
Hedgehog and mTOR pathways. Next, the inactivation of AKT/mTOR and JAK/STAT3 pathways by 
GANT61 treatment was verified by western blot. The following rescue experiments showed that 
SC79 or colivelin treatment promoted the malignant behaviors of ATC cells. More importantly, SC79 
or colivelin treatment compensated the effect of GANT61 treatment on cell proliferation at several 
time settings and apoptosis, invasion, and part of that on EMT in ATC cells. GANT61 suppresses cell 
survival, invasion and EMT through inactivating AKT/mTOR or JAK/STAT3 pathways in ATC.
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Introduction

Anaplastic thyroid carcinoma (ATC) is one of the most 
fatal cancers with a high grade of malignancy.1 Unlike 
differentiated thyroid carcinoma, ATC develops fast and 
a huge part of patients with ATC are at end stage when 
diagnosed.2,3 Currently, several studies have illustrated 
that targeted drugs, such as dabrafenib and sorafenib, 
improve the prognosis of ATC patients.4,5 However, the 
overall survival of ATC patients remains unfavorable. 
A recently published study reveals that the 2-year overall 
survival rate of ATC patients ranges approximately from 
18% to 42%.6,7 Therefore, searching for potential treat
ment options might be crucial to improve the manage
ment of ATC patients.

Glioma-associated oncogene (Gli) antagonist 61 
(GANT61) has been reported to suppress the progression 
of several cancers.8–11 Mechanically, GANT61 binds to 
Gli1 and subsequently inhibits Gli1-mediated transcription 
to inactivate the downstream Hedgehog pathway, as well 
as multiple signaling pathways that crosstalk with the 
Hedgehog pathway, including mitogen-activated protein 

kinase (MAPK)/extracellular regulated protein kinases 
(ERK), phosphatidylinositol 3 kinase (PI3K)/protein 
kinase B (AKT)/mammalian target of rapamycin 
(mTOR), signal transducer and activator of transcription 
3 (STAT3), and Notch pathways.8 Previously, it has been 
proposed that GANT61 induces cell cycle arrest and inhi
bits the stemness of estrogen receptor-positive breast can
cer cells.9 Meanwhile, it is also revealed that GANT61 
promotes the radiosensitivity of both prostate cancer 
cells and xenografted prostate cancer mice.10 Besides, 
another interesting study discloses that GANT61 represses 
the growth of head and neck cancer cell lines through 
modulating glycogen synthesis kinase 3 β.11 However, the 
effect of GANT61 on ATC cell function and its molecular 
mechanisms remains largely unclear.

In the present study, ATC cells (8505C and CAL-62) were 
treated with GANT61, followed by the detection of cell pro
liferation, apoptosis and invasion. Subsequently, the molecular 
mechanisms of GANT61 on ATC cell function were explored 
by RNA sequence, western blot verification and rescue 
experiments.
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Methods

Cell culture

Human ATC cells (8505C and CAL-62) were obtained from 
the National Collection of Authenticated Cell Cultures 
(Shanghai, China). 8505C cells were grown in Roswell Park 
Memorial Institute (RPMI) 1640 medium (Lonza, Belgium). 
CAL-62 cells were grown in Dulbecco’s modified Eagle’s med
ium (DMEM) (Lonza, Belgium). All culture media were sup
plemented with 10% fetal bovine serum (FBS) (Gibco, USA) 
and 1% penicillin/streptomycin (Sigma, USA). All cells were 
cultured at 37°C under 95% air and 5% CO2 conditions.

Cell treatments

To assess the effect of GANT61 (Merck, Germany), cells were 
cultured with 10 µM GANT6112,13 for 48 hours (h) and col
lected for RNA sequencing (RNA-seq). For the rescue experi
ments, cells were incubated with 10 µM SC7914,15 (Beyotime, 
China) or 0.5 μM colivelin16 (Tocris, UK). Reverse transcrip
tion-quantitative polymerase chain reaction (RT-qPCR), wes
tern blot, proliferation, apoptosis and invasion assays were 
performed after treatment.

RNA-seq and analysis

Cells were collected for RNA-seq after being cultured with 
GANT61 for 48 h. Total RNA was isolated using Trizol 
Reagent (Sangon, China). RNA-seq libraries were constructed 
using a TruSeq RNA library preparation kit (llumina, USA) 
per the manufacturers’ protocols. Paired-end RNA-seq was 
performed using the HiSeq 2000 platform (Illumina, USA) at 
Genergy Biotechnology (Shanghai, China). Quality control 
analysis was performed using FastQC (Version 0.11.5). 
RNA quantification, clustering analysis and differential 
expression analysis were performed using R-project 
(Version 3.6.3). Gene Ontology (GO) analysis and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment were performed using the DAVID online tool 
(https://david.ncifcrf.gov/). In addition, the raw data of RNA- 
seq are uploaded to a public database: Bio-Med Big Data 
Center (https://www.biosino.org/node/) (affiliated by 
Chinese Academy of Sciences) with the project ID 
OEP003158.

RT-qPCR

At 48 h after being treated with GANT61, SC79 or colivelin, 
cells were collected for RNA isolation and RT-qPCR assay. 
Briefly, total RNA from cells was isolated using Trizol 
Reagent. The GeneAce Reverse Transcriptase Kit (Nippon, 
Japan) was used for the generation of cDNA. The TB Green™ 
Fast qPCR Mix (Takara, Japan) was adopted to perform qPCR. 
The 2−ΔΔCt method was used to calculate Gli1 mRNA expres
sion. Primer sequences (5’->3’) were as follows: Gli1 forward, 
CCACCAAGCTAACCTCATGTC; Gli1 reverse, 
GCTTCTTGGTCAACTTGACTGC; GAPDH forward, 
GAGTCCACTGGCGTCTTCAC; and GAPDH reverse, 
ATCTTGAGGCTGTTGTCATACTTCT.

Western blot

Western blot analysis was performed after 48 h of treat
ment with GANT61, SC79 or colivelin. Briefly, cells were 
lysed using RIPA solution (Beyotime, China) supplemented 
with the protease inhibitor (Roche, Switzerland). After 
being quantified using a bicinchoninic acid (BCA) kit 
(Beyotime, China), 30 μg of total protein was separated 
using precast gel (Beyotime, China) and transferred to the 
nitrocellulose membrane (Bio-Rad, China). Then, the mem
branes were blocked with 5% fat-free dry milk (Beyotime, 
China) and incubated with primary antibodies. After being 
incubated with secondary antibodies, the bands were 
observed using an enhanced ECL chemiluminescence kit 
(Sangon, China). β-actin was used as the internal control. 
The primary antibodies were as follows: Gli1 (1:500, 
Abcam, UK), E-cadherin (1:1000, CST, USA), Vimentin 
(1:1000, CST, USA), Snail (1:1000, CST, USA), p-AKT 
(1:1000, Abcam, UK), AKT (1:1000, Abcam, UK), 
p-mTOR (1:3000, Abcam, UK), mTOR (1:2000, Abcam, 
UK), p-STAT3 (1:2000, Abcam, UK), STAT3 (1:1000, 
Abcam, UK), SOCS3 (1:1000, Abcam, UK), β-actin 
(1:5000, Abcam, UK), JAK2 (1:1000, Abcam, UK) and 
p-JAK2 (1:1000, Abcam, UK). The secondary antibody 
was Goat Anti-Rabbit IgG H&L (HRP) (1:10000, Abcam, 
UK). The grayscales of the blots were analyzed using 
ImageJ v1.5 (Version 1.8.0). Data were presented as mean 
� standard deviation (SD).

Cell proliferation assay

Cell proliferation was assessed using Cell Counting Kit-8 
(Dojindo, Japan). Briefly, cells were seeded in a 96-well 
plate (2 × 103 cells/well). At 0, 24, 48 and 72 h after 
treatment with GANT6A, SC79 or colivelin, 10 μl of 
reagent was added and incubated for 2 h. The optical 
density (OD) value was read using a microplate reader 
(Molecular Devices, USA).

Cell apoptosis assay

Cell apoptosis was assessed using a TUNEL apoptosis kit 
(Sangon, China) and an Annexin V-FITC Apoptosis 
Detection Kit (Beyotime, China). For TUNEL assay, cells 
were seeded and treated with GANT6A, SC79 or colivelin 
for 48 h in a 96-well plate. Cells were fixed with 4% 
paraformaldehyde (Sangon, China) and permeabilized with 
0.1% Triton X-100 (Sangon, China). Then, cells were incu
bated with TUNEL working solution for 30 min. After 
DAPI (Beyotime, China) staining, images were acquired 
using a fluorescence microscope (Olympus, Japan). The 
apoptosis rate is calculated using the ratio of the number 
of TUNEL-positive cells to the number of DAPI-positive 
cells.17 For AV/PI assay, cells were treated with GANT61 
for 48 h. After being harvested, the cells incubated with AV 
and PI for 20 min in the dark. Finally, the cells were 
detected using a FACSCalibur flow cytometer (BD, USA) 
and analyzed using Flowjo 7.6 (BD, USA).
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Cell invasion assay

Cell invasion assay was performed using Matrigel-coated 
transwell insert (Corning, USA). Briefly, cells were har
vested at 48 h after being treated with GANT6A, SC79 or 
colivelin and seeded into the upper chambers of transwell 
inserts with serum-free medium. Medium containing 10% 
FBS was added to the lower chamber. After being cultured 
for 24 h, the invasive cells were stained with crystal violet 
(Sangon, China) and counted to assess the invasion ability.

Statistical analysis

All experiments were triplicate. GraphPad Prism 7.0 software 
was adopted for data analysis. Comparison between two 
groups was assessed by the t test. Differences among groups 

were analyzed by One-way ANOVA followed by Tukey’s mul
tiple comparisons test. P < .05 was considered statistically 
significant.

Results

GANT61 inhibited proliferation and invasion but 
promoted apoptosis in ATC

GANT61 treatment inhibited Gli1 expression at both mRNA 
and protein levels in 8505C and CAL-62 cells (Figure 1a–c) (all 
P < .01). Furthermore, it was observed that GANT61 treatment 
suppressed proliferation in 8505C and CAL-62 cells (all 
P < .05) (Figure 1d). In addition, GANT61 treatment enhanced 
apoptosis reflected by TUNEL assay (Figure 1e,f) and AV/PI 
assay (Supplementary Figure 1a–b) (all P < .05). Meanwhile, 

Figure 1. Effect of GANT61 on proliferation and apoptosis in ATC cells. Comparison of Gli1 mRNA expression between groups (a); Representative image of Gli1 protein 
expression detection by western blot (b); Comparison of Gli1 protein expression between groups (c); Comparison of cell proliferation (d) and apoptosis rate (e) between 
groups; Representative images of apoptosis detection by TUNEL assay (f). Gli1: glioma-associated oncogene; GANT61: glioma-associated oncogene antagonist 61; ATC: 
anaplastic thyroid carcinoma; Ctrl: control; TUNEL: Terminal deoxynucleotidyl transferase deoxyuridine 5’-triphosphate nick end labeling; h: hour; *: P < .05; **: P < .01; 
***: P < .001; NS: not significant.
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the transwell assay revealed that GANT61 repressed invasive 
ability in 8505C and CAL-62 cells (both P < .05) (Figure 2a–b). 
Besides, GANT61 also increased E-cadherin expression while 
decreased Vimentin and Snail expressions in 8505C and CAL- 
62 cells (all P < .05) (Figure 2c–d).

GANT61 suppressed AKT/mTOR and Janus kinase/STAT3 
(JAK/STAT3) pathways in ATC

To further explore the potential downstream pathway of 
GANT61, RNA sequence and bioinformatic analyses were 
conducted. The detailed principal component analysis, 

heatmap, volcano plot, GO enrichment and KEGG pathway 
enrichment in 8505C and CAL-62 cells are shown in 
Supplementary Figure 2a–e and listed in Supplementary 
Table 1, Supplementary Table 2, Supplementary Table 3 
and Supplementary Table 4.

Moreover, a total of 85 upregulated differentially expressed 
genes (DEGs) and 71 downregulated DEGs were found in both 
GANT61-treated 8505C and CAL-62 cells (Figure 3a). The GO 
analysis revealed that these DEGs were mainly enriched in the 
biological processes of positive regulation of cell migration and 
epithelial-mesenchymal transition (EMT) (Figure 3b). Notably, 
the KEGG pathway enrichment disclosed that these DEGs were 

Figure 2. Effect of GANT61 on invasion and EMT markers in ATC cells. Representative images of invasion detection by transwell assay (a); Comparison of invasive ability 
between groups (b); Representative images of EMT marker detection by western blot (c); Comparison of EMT marker levels between groups (d). GANT61: glioma- 
associated oncogene antagonist 61; Ctrl: control; ATC: anaplastic thyroid carcinoma; EMT: epithelial-mesenchymal transition; *: P < .05; **: P < .01.

Figure 3. RNA sequence and bioinformatic analysis. Venn diagram (a); GO analysis (b) and KEGG pathway enrichment (c). GO: Gene Ontology; KEGG: Kyoto Encyclopedia 
of Genes and Genomes.

372 H. GAO ET AL.



generally included in PI3K/AKT, JAK/STAT, Hedgehog and 
mTOR pathways (Figure 3c). The specific information is given 
in Supplementary Table 5 and Supplementary Table 6.

Since GANT61 is a direct inhibitor of Gli1, a key compo
nent of the Hedgehog pathway, we did not further explore the 
effect of GANT61 on the Hedgehog pathway but focus on the 
AKT/mTOR and JAK/STAT3 pathways. Western blot assay 
confirmed that GANT61 treatment suppressed phosphoryla
tion of AKT, mTOR, JAK2 and STAT3 in 8505C and CAL-62 
cells, as well as SOCS3 expression in CAL-62 cells (all P < .05) 
(Figure 4a–b and Supplementary Figure 1c,d).

Rescue experiments

In order to explore whether GANT61 regulated proliferation, 
migration and apoptosis in ATC cells through AKT/mTOR 
and JAK/STAT3 pathways, rescue experiments were con
ducted by treating 8505C and CAL-62 cells with SC79 (AKT 
activator) or colivelin (STAT3 activator) alone or in combina
tion with GANT61. Data showed that SC79 or colivelin did not 
affect Gli1 expression (all P > .05) (Figure 5a–c); besides, the 
activation of AKT/mTOR and JAK/STAT3 pathways was con
firmed by western blot (Figure 5d–e).

Moreover, SC79 or colivelin treatment promoted prolifera
tion at several time settings, inhibited apoptosis, increased 
invasive ability and enhanced Vimentin and Snail levels in 
8505C and CAL-62 cells; additionally, SC79 treatment also 
reduced the E-cadherin level in 8505C and CAL-62 cells (all 
P < .05) (Figure 6a–c, Figure 7a–d). More importantly, SC79 or 
colivelin treatment compensated the effect of GANT61 on 
proliferation at several time settings, apoptosis and invasive 
ability in 8505C and CAL-62 cells; SC79 or colivelin treatment 
also rescued the effect of GANT61 on E-cadherin, Vimentin 
and Snail in 8505C cells, as well as part of that in CAL-62 cells 
(Figure 6a–c, Figure 7a–d).

Discussion

Several previous studies have disclosed the effect of Gli1 on the 
progression of several cancers including ATC. For instance, 
Gli1 increases the stemness of colorectal adenocarcinoma 
through PI3K/AKT/nuclear factor-κB signaling.18 In addition, 
Gli1 contributes to the resistance of erlotinib in non-small-cell 
lung cancer.19 Apart from that, Gli1 promotes transforming 
growth factor-β-mediated EMT in hepatocellular carcinoma.20 

Regarding ATC, it is revealed that Gli1 knockdown decreases 
stemness and radiosensitivity while increases Snail expression 
in ATC cell lines, but overexpression of Gli1 presents the 
reverse effects.21 Meanwhile, it is also indicated that silencing 
Gli1 suppresses tumor progression in cancer stem cells of 
ATC-bearing mice through modulating the expressions of 
B lymphoma Mo-MLV insertion region 1 homolog (BMI1) 
and SRY-Box Transcription Factor 2 (SOX2).22 Besides, 
another recently published study finds that silencing Gli1 
induces autophagy by activating transforming growth factor-β- 
activated kinase 1 (TAK1) and its downstream protein c-Jun 
N-terminal kinase (JNK) and adenosine monophosphate- 

activated protein kinase (AMPK).12 According to these studies, 
Gli1 might be a potential target for inhibiting the progression 
of several cancers, including ATC.

Although the above-mentioned studies have shown the vital 
role of Gli1 in ATC progression, the effect and the molecular 
mechanisms of Gli1 inhibitor GANT61 on the cellular function 
of ATC are still largely unclear. The present study revealed that 
GANT61 treatment suppressed proliferation but promoted 
apoptosis in ATC cells. Furthermore, due to the fact that 
ATC is characterized by a high level of invasion and Gli1 
modulates EMT (a critical pathway that regulates invasion in 
various cancers) in ATC,12,21,23 the regulation of GANT61 on 
invasion and EMT markers was also explored, which revealed 
that GANT61 repressed invasion and regulated EMT markers 
in ATC cells. These data highlighted the potential of GANT61 
as a treatment option for ATC; however, further in vivo studies 
should be conducted to verify these findings. Previous studies 
also discover the effect of GANT61 on cell proliferation, 

Figure 4. Verification of the downstream pathway by western blot. Representative 
images of AKT/mTOR and JAK/STAT3 pathways detection by western blot (a); 
Comparison of protein expressions between groups (b). AKT: protein kinase B; 
mTOR: mammalian target of rapamycin; JAK: Janus kinase; STAT3: signal transdu
cer and activator of transcription 3; SOCS3: suppressor of cytokine signaling 3; Ctrl: 
control; GANT61: glioma-associated oncogene antagonist 61; *: P < .05; **: P < .01; 
NS: not significant.

CANCER BIOLOGY & THERAPY 373



invasion and EMT in other cancers, including breast cancer, 
gastric cancer and pancreatic cancer.24–26 Our findings were 
partly in line with these previous studies.

RNA sequence plus bioinformatic analysis is a powerful tool 
to understand the mechanisms of various biological processes, 
including carcinogenesis and the action of anticancer agents, 
through identifying transcriptome variations.27 For instance, 
an interesting previous study suggests that DEGs of ATC 
(versus normal thyroid samples) are enriched in cancer- 
related pathways, such as the PI3K/AKT pathway.28 However, 
the downstream signaling pathways of GANT61 revealed by 
RNA sequence and bioinformatic analysis in ATC have never 
been explored. In the present study, the upregulated and down
regulated DEGs in GANT61-treated ATC cells were identified 
by RNA sequence and bioinformatic analysis; GO enrichment 
analysis revealed that these DEGs were enriched in regulation 
of cell migration and EMT, which conformed with the above- 
mentioned data; further KEGG enrichment analysis disclosed 
that these DEGs were enriched in PI3K/AKT, JAK/STAT, 
Hedgehog and mTOR signaling pathways. Besides, the PI3K/ 

AKT/mTOR and JAK/STAT pathways contain a huge number 
of genes, while the Hedgehog pathway includes fewer genes; 
therefore, the RNA sequence showed that the DEGs were 
enriched in PI3K/AKT and JAK/STAT pathways with higher 
significance. Moreover, rescue experiments confirmed that 
GANT61 inhibited proliferation and invasion and modulated 
EMT markers through AKT/mTOR and JAK/STAT3 pathways 
in ATC cells. These findings potentially contributed to the 
acting mechanism of GANT61 on inhibiting ATC progression. 
Meanwhile, considering that the Hedgehog, AKT/mTOR and 
JAK/STAT pathways are involved in the carcinogenesis and 
progression of several cancers, GANT61 could serve as 
a potential treatment option for cancers, whereas this hypoth
esis needed further validation. In addition, SOCS3 is reported 
to take part in the feedback loop of the JAK/STAT3 pathway;29 

therefore, it was observed that colivelin, activator of the JAK/ 
STAT3 pathway, could modulate SOCS3 in the present study, 
which was partially in line with a previous study.16 Meanwhile, 
further studies should be conducted to verify the interaction 
among colivelin, JAK/STAT3 pathway and SOCS3

Figure 5. Gli1 expression and AKT/mTOR and JAK/STAT3 pathways in rescue experiment. Comparison of Gli1 mRNA expression among groups in rescue experiment (a); 
Representative of Gli1 protein detection by western blot in rescue experiment (b); Comparison of Gli1 protein expression among groups in rescue experiment (c); 
Representative images of AKT/mTOR and JAK/STAT3 pathways detection by western blot in rescue experiment (d); Comparison of the expression of proteins involved in 
AKT/mTOR and JAK/STAT3 pathways among groups in rescue experiment (e). Ctrl: control; GANT61: glioma-associated oncogene antagonist 61; Gli1: glioma-associated 
oncogene; AKT: protein kinase B; mTOR: mammalian target of rapamycin; JAK: Janus kinase; STAT3: signal transducer and activator of transcription 3; SOCS3: suppressor 
of cytokine signaling 3; *: P < .05; **: P < .01; ***: P < .001; NS: not significant.
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The crosstalk between the Hedgehog pathway and other 
signaling pathways in cancers, such as the mitogen-activated 
protein kinase (MAPK), AKT/mTOR and Wnt/β-catenin path
ways, has been disclosed in previous studies. For example, Gli1 
and S6K1 (downstream protein of mTOR) interact with each 

other, which further induces EMT in esophageal cancer cell 
lines;30,31 the activation of the Hedgehog pathway phosphor
ylates AKT in esophageal cells;32 the coinhibition of Hedgehog 
and AKT/mTOR pathways shows the synergistic effect on 
suppressing glioblastomas.33 Another important signaling 

Figure 6. Cell proliferation and apoptosis in rescue experiment. Comparison of cell proliferation (a) and apoptosis rate (b) among groups in rescue experiment; 
Representative images of apoptosis detection by TUNEL assay in rescue experiment (c). Ctrl: control; GANT61: glioma-associated oncogene antagonist 61; TUNEL: 
Terminal deoxynucleotidyl transferase deoxyuridine 5’-triphosphate nick end labeling; h: hour; *: P < .05; **: P < .01; NS: not significant.

Figure 7. Cell invasion and EMT markers in rescue experiment. Representative images of invasion detection by transwell assay in rescue experiment (a); Comparison of 
invasive ability among groups in rescue experiment (b); Representative images of EMT marker detection by western blot in rescue experiment (c); Comparison of EMT 
marker levels among groups in rescue experiment (d). GANT61: glioma-associated oncogene antagonist 61; Ctrl: control; EMT: epithelial-mesenchymal transition; *: 
P < .05; **: P < .01; NS: not significant.
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pathway that correlates with the Hedgehog pathway is the 
Notch pathway. For instance, the Notch and Hedgehog path
ways intercorrelate with each other, and both are critically 
involved in the self-renewal of breast cancer cells;34 the Notch 
pathway activates the STAT3 pathway and further promotes 
the Hedgehog pathway in neural stem cells.35 However, the 
crosstalk of the Hedgehog pathway with AKT/mTOR and JAK/ 
STAT3 pathways is rarely reported in ATC. In the present 
study, it was observed that GANT61, an inhibitor of Gli1, 
exerted repression of proliferation and invasion through inac
tivating the AKT/mTOR and JAK/STAT3 pathways in ATC. 
These findings might contribute to the crosstalk of the 
Hedgehog pathway with AKT/mTOR and JAK/STAT3 path
ways in ATC. However, since the main objective of the present 
study was to explore the effect and molecular mechanism of 
GANT61 on the progression of ATC, this potential crosstalk 
among Hedgehog, AKT/mTOR and JAK/STAT3 pathways 
should be further verified.

To be conclusive, GANT61 suppresses cell survival, 
inhibits invasion and represses EMT through inactivating 
AKT/mTOR and JAK/STAT3 pathways in ATC, suggest
ing the potential of GANT61 as a treatment option for 
ATC.
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