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1  | INTRODUC TION

Thyroid cancer has become one of the utmost frequent malig-
nancies of the endocrine system, and their incidence has been 
increasing rapidly worldwide in recent decades.1 In 2018, there 

were approximately 40 900 newly diagnosed thyroid cancer 
cases among women in the United States,2 accounting for 5.1% of 
the total estimated cancer burden in women.3 According to cell 
origin and histological characteristics, thyroid cancers are usu-
ally divided into follicular thyroid cancer (FTC), papillary thyroid 
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Abstract
As a selective inhibitor of BRAF kinase, dabrafenib has shown potent anti-tumour 
activities in patients with BRAFV600E mutant anaplastic thyroid cancer. However, 
the resistance of thyroid cancer cells to dabrafenib limited its therapeutic effect. 
The effects of melatonin and dabrafenib as monotherapy or in combination on the 
proliferation, cell cycle arrest, apoptosis, migration and invasion of anaplastic thyroid 
cancer cells were examined. The molecular mechanism involved in drug combina-
tions was also revealed. Melatonin enhanced dabrafenib-mediated inhibition of cell 
proliferation, migration and invasion, and promoted dabrafenib-induced apoptosis 
and cell cycle arrest in anaplastic thyroid cancer cells. Molecular mechanistic stud-
ies further uncovered that melatonin synergized with dabrafenib to inhibit AKT and 
EMT signalling pathways. Furthermore, melatonin and dabrafenib synergistically in-
hibited the expression of hTERT, and the inhibition of cell viability and the induction 
of cell cycle arrest mediated by the combination of these two drugs were reversed 
by hTERT overexpression. Taken together, our results demonstrated that melatonin 
synergized the anti-tumour effect of dabrafenib in human anaplastic thyroid cancer 
cells by inhibiting multiple signalling pathways, and provided new insights in explor-
ing the potential therapeutic targets for the treatment of anaplastic thyroid cancer.
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cancer (PTC), medullary thyroid cancer (MTC) and anaplastic thy-
roid cancer (ATC). Among them, FTC, PTC and ATC are derived 
from the follicular thyrocytes, while MTC is the only parafollicular 
C-cell-derived tumour. Approximately 90% of thyroid cancers are 
PTC and FTC, which are usually curable with a 10-year survival 
rate of more than 85%.4 In addition, about 3% of thyroid cancer 
cases are MTC, and the overall 5-year survival rate is over 80%.5 
ATC is rare, accounting for only 1% to 2% of all thyroid cancers, 
but leads to the majority of thyroid cancer-related deaths, mak-
ing it one of the most aggressive human malignancies.6,7 Patients 
diagnosed with ATCs have a median survival of 3-6 months due 
to its aggressive growth, extrathyroidal invasion, distant metas-
tasis and resistance to conventional treatment.8,9 To date, there 
is no standard or effective therapy to prolong the survival of 
ATC patients.7,10,11 Therefore, there is an urgent need to iden-
tify new biological targets that can be converted into therapeutic 
approaches.

Recently, several driver mutations have been identified in ATC, 
resulting in a better understanding of the development of this het-
erogeneous disease.12 BRAF mutation, specifically BRAFV600E 
mutation, occurs in approximately 25% of ATC.13 This mutation 
leads to constitutive activation of the BRAF kinase, followed by 
phosphorylation of MEK and ERK to induce oncogenic activation 
of the mitogen-activated protein kinase (MAPK) pathway which 
transmits mitogenic signals from the cell membrane to the nucleus 
and plays a critical role in mediating cellular proliferation, differ-
entiation, apoptosis and survival.7,14,15 Dabrafenib, an effective 
ATP competitive inhibitor which selectively inhibits the activity of 
BRAFV600E kinase, displays impressive initial response rates.16,17 
Unfortunately, the perdurability of response is limited owing to 
the drug resistance.17,18 Therefore, overcoming the acquired re-
sistance to BRAFV600E mutation inhibitors and understand-
ing the underlying mechanisms are critical for improving patient 
outcomes.

Melatonin (N-acetyl-5-methoxytryptamine) is an indoleam-
ine compound, most of which is synthesized and secreted by 
the pineal gland. It is well known that melatonin is involved in 
the regulation of circadian rhythms and endocrine functions.19 
Actually, melatonin has been reported to participate in many 
other functions, including antioxidation, anti-angiogenesis, an-
ti-inflammatory and activation of the immune system.20-23 In re-
cent years, increasing evidence has demonstrated that melatonin 
has anti-tumour effect in various cancers, such as melanoma, 
breast cancer, lung carcinoma and thyroid cancer.24-27 Melatonin 
has been shown to be an effective combination therapy for can-
cers by improving the curative effect of conventional anticancer 
drugs, reducing their side effects and overcoming their resis-
tance to chemotherapy.28,29 However, the combination of mela-
tonin and BRAF-targeting agent dabrafenib for the treatment of 
anaplastic thyroid cancer has not been reported.

In this study, we evaluated the role of melatonin in enhanc-
ing dabrafenib-mediated anti-tumour effects and uncovered the 

potential molecular mechanisms of this combination therapy in ana-
plastic thyroid cancer.

2  | MATERIAL S AND METHODS

2.1 | Cell lines and culture conditions

Human anaplastic thyroid cancer cell lines SW1736, OCUT1, 
KHM-5M and CAL-62 were all obtained from the American Type 
Culture Collection (ATCC). The cells were maintained in Dulbecco's 
modified Eagle's medium (DMEM), which contained 10% foetal 
bovine serum and antibiotics (100 U/mL penicillin and 100 g/mL 
streptomycin).

2.2 | Reagents and antibodies

Melatonin (#A2842) and dabrafenib (#B1407) were purchased 
from Apexbio (USA). The antibodies against β-actin (#20536-1-AP), 
E-cadherin (#20874-1-AP), N-cadherin (#22018-1-AP), vimentin 
(#10366-1-AP), cyclin D1 (#60186-1-Ig) and CDK2 (#10122-1-AP) 
were purchased from Proteintech (USA). Antibodies against Bcl-2 
(#4223), Bax (#5023), cleaved PARP (#5625), p-AKT (#4060), 
AKT (#4691), cleaved caspase-3 (#9664) and caspase-3 (#14220) 
were purchased from Cell Signaling Technology (USA). The anti-
hTERT antibody (#ab32020) was purchased from Abcam (USA), 
and anti-MMP-9 antibody (#AF5228) was purchased from Affinity 
Biosciences (USA).

2.3 | Western blot

Cells were lysed on ice in protein extraction reagent, and protein con-
centration was determined by using BCA Protein Assay Kit (Thermo 
Fisher Scientific, USA). Equal amounts of proteins were loaded onto 
10%-15% gradient SDS-PAGE gels and then transferred onto poly-
vinylidene fluoride membranes. Western blots were immunoblotted 
with the specific primary antibodies, followed by incubation with 
HRP-conjugated secondary antibody, finally detected by enhanced 
chemiluminescence.

2.4 | Cell viability assay

Thyroid cancer cells were seeded into 96-well plates (4000-
6000 cells/well) and cultured with different treatment. Cell viability 
was assessed by the CCK-8 assay (Apexbio, USA), and the absorb-
ance was measured at the wavelength of 450 nm.

Synergistic effect assessment of melatonin and dabrafenib was 
based on cell viability. The combination index (CI) values, using Chou 
and Talalay methods, have been widely used to characterize drug 
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interactions. CI ˂1, =1 and ˃1 represented synergism, additive and 
antagonism effects, respectively.

2.5 | Colony formation assay

Thyroid cancer cells treated with the indicated doses of melatonin 
or dabrafenib were harvested and counted. Approximately 1000 
cells were seeded in triplicate into 6-well plates and incubated for 
8-14 days until grew into macroscopic colonies. Then, the cells were 
washed with PBS solution, fixed for 15 minutes and stained with 
0.1% crystal violet for 20 minutes. The clones that contained more 
than 50 cells were counted and photographed.

2.6 | Scratch assay

Scratch assay was used to detect cell migration ability. SW1736 and 
OCUT1 cells were plated in 6-well plates and grown to a confluence 
of approximately 70%. The cells were then scraped in a straight line 
to create a ‘scratch’ and treated with melatonin or dabrafenib, alone 
or in combination. The wound gap was photographed by inverted 
microscope at 0 and 48 hours.

2.7 | Transwell invasion assay

1 × 104 thyroid cancer cells with indicated treatment were suspended 
in 100 μL serum-free medium and added to each matrigel-coated 
upper chamber (Corning, USA), while the lower chambers were filled 
with 500 μL medium containing 20% foetal bovine serum. After incu-
bation at 37°C for 24 hours, the cells that did not invade through the 
pores were removed with a cotton swab. The chambers were washed, 
fixed, stained with 0.1% crystal violet and counted in three random 
view fields.

2.8 | Cell cycle assay

Thyroid cancer cells were collected after treatment with melatonin or 
dabrafenib, and cell cycle was analysed using a Cell Cycle Detection 
Kit (KeyGen Biotech, China). Cells were sorted by FACSCanto II Flow 
Cytometer (BD Biosciences, USA), and the relative proportions of 
cells in the G1, S and G2-M phases of the cell cycle were analysed by 
using FlowJo 7.6 software.

2.9 | Cell apoptosis assay

Detection of cell apoptosis was based on FACS analysis by 
FITC-AV/PI staining. Cells were plated in 6-well plates and treated 
with the indicated concentration of melatonin or dabrafenib. 
Cell apoptosis assay was performed using an Annexin V-FITC 

Apoptosis Detection Kit (KeyGen Biotech, China). The status of 
cell apoptosis was analysed by FACSCanto II Flow Cytometer (BD 
Biosciences, USA).

2.10 | RNA extraction and real-time qPCR

Total RNA was extracted from thyroid cancer cells by using TRIzol 
reagent (Life Technologies, USA) according to the manufacturer's 
instructions. cDNA was synthesized by using TransScript One-
Step gDNA Removal and cDNA Synthesis SuperMix (TRAN). 
To assess mRNA expression, qRT-PCR was conducted using 
SYBR Premix Ex Taq™ II (TaKaRa, Japan). The target gene ex-
pression was normalized to the expression of GAPDH and ana-
lysed with the 2−△△Ct methods. The primer sequences used 
were hTERT (forward 5'-CCCATTTCATCAGCAAGTTTGG −3' 
and reverse 5'-CTTGGCTTTCAGGATGGAGTAG-3') and GAPDH 
(forward 5'-TGT GGGCATCAATGGATTTGG-3' and reverse 
5'-ACACCATGTATTCCGGGTCAAT- 3').

2.11 | Statistical analysis

All experiments were performed three times, and the results 
were shown as mean ± SD. To compare the statistical differences, 
GraphPad Prism software was used by two-tailed Student's t test or 
one-way ANOVA as approximate. P value less than 0.05 was consid-
ered significant.

3  | RESULTS

3.1 | Melatonin and dabrafenib synergized to inhibit 
the proliferation of anaplastic thyroid cancer cells

To study the role of melatonin in dabrafenib-mediated cell prolifera-
tion inhibition, we first examined the cell viability of melatonin and 
dabrafenib as single agents or in combination in a panel of human ATC 
cell lines. The CCK-8 assay showed that melatonin alone, at the dose 
of 1.25-20 mmol/L, obviously inhibited cell viability in a dose-depend-
ent manner (Figure 1A). Dabrafenib alone, at the dose from 0.01 to 
10 μmol/L, also inhibited the viability of BRAFV600E mutant cells in a 
concentration-dependent manner, while the combination of melatonin 
(1 mmol/L) significantly enhanced the inhibitory effect of dabrafenib 
on cell viability (Figure 1B). By contrast, thyroid cancer cells with wild-
type BRAF were less sensitive to dabrafenib treatment, and their vi-
ability was significantly inhibited only at higher drug concentrations. CI 
values at different levels of growth inhibition (Fa) were also calculated 
using CompuSyn software. As shown in Figure S1, CI < 1 was observed 
in SW1736, KHM-5M and OCUT1 cells with BRAFV600E mutant. In 
CAL-62 cells of BRAFWT, CI < 1 was observed only at a high Fa level. 
Conclusively, melatonin combined with dabrafenib has a synergistic in-
hibitory effect on the viability of ATC cells.
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We then assessed the effect of combination treatment on the 
colony formation abilities of ATC cells. As shown in Figure 1C and D, 
compared to single agents, the combination of melatonin and dab-
rafenib significantly increased the inhibition of colony formation in 
SW1736 and OCUT1 cells.

In addition, we next explored the potential molecular mechanisms 
by which combination of melatonin and dabrafenib synergistically 

inhibited the proliferation of ATC cells. The results showed that the 
expression of phosphorylated AKT protein involved in proliferation 
was significantly reduced after treatment with melatonin and dab-
rafenib in SW1736 and OCUT1 cells (Figure 1E). Taken together, these 
data indicated that the combination of melatonin and dabrafenib has 
a synergistic effect in inhibiting thyroid cancer cells proliferation by 
targeting AKT signalling.

F I G U R E  1   Melatonin enhanced dabrafenib-mediated cell proliferation inhibition. A, Human anaplastic thyroid cancer cells were treated 
with melatonin at the indicated doses. After 48 h, cell viability was determined by CCK-8 assay. B, Human anaplastic thyroid cancer 
cells were treated with the indicated doses of dabrafenib (Da) alone or combined with melatonin (Mel) (1mM) for 48 h, and cell viability 
was examined by CCK-8 assay. C and D, SW1736 and OCUT1 cells were treated with Mel (1 mmol/L) or Da (0.1 μmol/L) alone or their 
combination. The colony formation results were photographed (C), and their relative numbers were counted (D). E, The expression of AKT 
signalling–related proteins p-AKT and AKT in anaplastic thyroid cancer cells with indicated treatment was respectively detected by Western 
blot assays. Data were presented as mean ± SD of three independent experiments. The level of significance was indicated by ***P < .001, 
**P < .01
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3.2 | Combination of melatonin and dabrafenib 
synergistically induced cell cycle arrest

To evaluate whether the synergistic inhibition of melatonin and dab-
rafenib on ATC cells growth was related to cell cycle arrest, SW1736 
and OCUT1 cells were treated with melatonin or dabrafenib alone 
or together for 48 hours, followed by cell cycle analysis. As shown 
in Figure 2A and B, the combination of melatonin (1 mmol/L) and 
dabrafenib (0.1 μmol/L) significantly increased the number of cells in 
the G1 phase compared to monotherapy. Moreover, we also exam-
ined the expression levels of several key proteins involved in G1/S 
cell cycle regulation, and the results showed that co-treatment with 
melatonin and dabrafenib significantly inhibited the expression of 

CDK2 and cyclin D1 (Figure 2C). These results suggested that the 
combination treatment of melatonin and dabrafenib synergistically 
induced cell cycle arrest in G1 phase.

3.3 | Melatonin synergized with dabrafenib to 
induce apoptosis in anaplastic thyroid cancer cells

To further determine whether the synergistic inhibition of me-
latonin and dabrafenib on the growth of ATC cells was related 
to the increased activation of apoptotic pathway, we then ana-
lysed the effects of melatonin and dabrafenib as single agents 
or in combination on the apoptosis of cancer cells through 

F I G U R E  2   Melatonin potentiated dabrafenib-mediated cell cycle arrest. A and B, DNA content–based cell cycle analysis was carried out 
in anaplastic thyroid cancer cells treated with Mel or Da alone or their combination for 48 h. The percentage of cells at each phase of the 
cell cycle was also quantified. C, Western blot analysis of the expression of G1/S checkpoint proteins CDK2 and cyclin D1 in SW1736 and 
OCUT1 cells with indicated treatment
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FACS analysis. As shown in Figure 3A and B, compared to 
monotherapy, the combination of melatonin (1 mmol/L) and 
dabrafenib (0.1 μmol/L) significantly increased the apoptosis 
of SW1736 and OCUT1 cells, leading to more apoptotic cell 
populations.

Considering that apoptosis induction usually occurs following 
a series of apoptosis-related molecular events, we then examined 
the expression changes of certain apoptosis-related proteins in 
SW1736 and OCUT1 cells treated with melatonin and dabrafenib. As 

shown in Figure 3C, compared with melatonin or dabrafenib alone, 
co-treatment with these two agents resulted in decreased expres-
sion of anti-apoptotic protein Bcl-2, largely increased the expression 
of pro-apoptotic protein Bax and also up-regulated the cleavage of 
pro-apoptotic proteins caspase-3 and PARP, confirming that the com-
bination of melatonin and dabrafenib indeed induced more tumour 
cell apoptosis and also suggesting thyroid cancer cell growth inhibi-
tion caused by melatonin and dabrafenib was achieved at least par-
tially by promoting apoptosis.

F I G U R E  3   Melatonin increased dabrafenib-induced apoptosis by activating caspase signalling pathway. SW1736 and OCUT1 cells were 
treated with Mel or Da alone or their combination for 48 h. A and B, The apoptosis was determined by FACS analysis, and the percentage 
of apoptotic cells was calculated. C, Western blot analysis of the expression of Bcl-2, Bax, cleaved caspase-3, caspase-3 and cleaved PARP 
proteins. Data were presented as mean ± SD of three independent experiments. The level of significance was indicated by ***P < .001, 
**P < .01, *P < .05
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3.4 | Melatonin and dabrafenib had synergistic 
inhibitory effects on the migration and invasion of 
anaplastic thyroid cancer cells

We also evaluated the synergistic regulation of melatonin and 
dabrafenib on the migration and invasion abilities of ATC cells by 
performing scratch assays and transwell invasion assays, respec-
tively. As shown in Figure 4A and B, monotherapy with melatonin 

or dabrafenib alone inhibited cell migration, but the combination 
of these two agents significantly enhanced the inhibitory effect 
of cell migration. Consistent with the inhibition of cell migration, 
the combinational use of melatonin and dabrafenib also led to a 
significant reduction in the invasiveness of ATC cells compared to 
single agents (Figure 4C and D).

As epithelial-mesenchymal transition (EMT) was a vital step 
in the process of tumour migration, invasion and metastasis,30 

F I G U R E  4   Melatonin enhanced the inhibitory effect of dabrafenib on cell migration and invasion. A and B, Scratch assays of SW1736 and 
OCUT1 cells after treated with Mel or Da alone or their combination for 48 h. Representative images were shown (A), and the relative rates 
of migration were calculated (B). C and D, Transwell invasion assays of SW1736 and OCUT1 cells after treated with Mel or Da alone or their 
combination for 48 h. Representative images were shown (C), and the number of invading cells was calculated (D). E, The expression of EMT 
markers MMP-9, E-cadherin, N-cadherin and vimentin was, respectively, detected in anaplastic thyroid cancer cells with indicated treatment 
by Western blot assays. Data were presented as mean ± SD of three independent experiments. The level of significance was indicated by 
***P < .001, **P < .01
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we then observed the synergistic effect of melatonin and dab-
rafenib as single agents or together on the expression of several 
key proteins involved in the EMT process of ATC cells. As shown 
in Figure 4E, the combination of melatonin and dabrafenib led to 
a significant decreased expression of EMT inducer (MMP-9) and 

mesenchymal markers (N-cadherin and vimentin), but up-regu-
lated the expression of epithelial markers (E-cadherin). These 
results together demonstrated the synergistic inhibitory effects 
of melatonin and dabrafenib on the migration and invasion of 
ATC cells.

F I G U R E  5   Combination of melatonin and dabrafenib inhibited the growth of anaplastic thyroid cancer cells by down-regulating hTERT 
expression. A and B, SW1736 and OCUT1 cells were treated with Mel (1 mmol/L) or Da (0.1 μmol/L) alone or their combination. After 
48 h, the expression of hTERT was analysed by Western blotting (A) and qPCR (B), respectively. C and D, SW1736 and OCUT1 cells were 
pre-treated with Mel (1 mmol/L) and Da (0.1 μmol/L) for 24 h, and then treated with hTERT overexpression or lac Z control plasmids. After 
48 h, the expression of hTERT was analysed by Western blotting (C) and qPCR (D), respectively. E, CCK-8 assay was carried out in anaplastic 
thyroid cancer cells transfected with hTERT overexpression or Lac Z control plasmids after treated with Mel (1 mmol/L) in combination with 
Da (0.1 μmol/L). F and G, Cell cycle assay was performed in SW1736 and OCUT1 cells with indicated treatment, and the percentage of cells 
at each phase of cell cycle was also quantified. H, SW1736 and OCUT1 cells were pre-treated with Mel (1 mmol/L) and Da (0.1 μmol/L) for 
24 h, and then treated with hTERT overexpression or lac Z control plasmids. After 48 h, the phosphorylation of AKT and the expression of 
CDK2 and cyclin D1 were detected by Western blotting
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3.5 | Melatonin synergistically enhanced 
dabrafenib-induced growth inhibition of 
anaplastic thyroid cancer cells by down-regulating 
hTERT signalling

We next explored the molecular events that may be involved in 
the growth inhibition of ATC cells mediated by co-treatment with 
melatonin and dabrafenib. hTERT, a major component of telomer-
ase, has been shown to contribute to transforming normal human 
cells into cancer cells. Studies have suggested that inhibition of 
hTERT significantly reduced the proliferation, invasion and migra-
tion abilities of ATC cells.31 To determine whether combination 
treatment with melatonin and dabrafenib could affect hTERT sig-
nalling in ATC cells, we treated melatonin or dabrafenib alone or 
together, and examined the expression of hTERT. We found that 
co-treatment with melatonin and dabrafenib significantly reduced 
the expression of hTERT at protein and mRNA levels (Figure 5A 
and B).

To further identify hTERT expression was involved in the syn-
ergistic growth inhibition of melatonin and dabrafenib in ATC cells, 
SW1736 and OCUT1 cells were transfected with hTERT control vec-
tor or overexpression plasmids after pre-treatment with melatonin 

and dabrafenib. After 48 hours of treatment, the expression of 
hTERT protein, cell viability and cell cycle arrest was determined. 
The results showed that the expression of hTERT was significantly 
increased in both cell lines (Figure 5C and D). In addition, the de-
creased cell viability caused by the combination of melatonin and 
dabrafenib was reversed by hTERT overexpression (Figure 5E). 
Similarly, overexpression of hTERT significantly inhibited the induc-
tion of cell cycle arrest at G1-phase mediated by combination treat-
ment (Figure 5F and G). Overexpression of hTERT also increased the 
phosphorylation of AKT and significantly promoted the expression 
of CDK2 and cyclin D1. These results showed that the enhanced 
inhibitory function of melatonin and dabrafenib on ATC cells growth 
is at least partially achieved by inhibiting hTERT signalling pathway.

4  | DISCUSSION

In the past few years, most thyroid cancer treatments have targeted 
known oncogenic mutations, such as BRAFV600E, to convert the 
progression of thyroid cancer. In view of the high frequency of 
BRAFV600E mutations in ATC, the use of selective BRAFV600E 
inhibitors was a good choice for improving therapeutic specificity 

F I G U R E  6   The schematic diagram of the molecular mechanisms by which melatonin synergized dabrafenib to regulate the growth of 
anaplastic thyroid cancer cells. The symbol (⊦) indicates negative regulation. The arrow (→) indicates positive regulation

p-AKTEMT

cell migration 
cell invasion

cell apoptosis

Melatonin & Dabrafenib

 Bcl-2
Bax

Cyto c

caspase-3

PARP

hTERT CDK2
Cyclin D1

cell cycle arrest

AKT signaling pathway

Mitochondria

Synergistic inhibition of thyroid 
cancer cell growth

cell proliferation



12128  |     LIAO et AL.

and reducing toxicity. However, while the initial response rate 
was impressive, the persistence of the response was limited by 
the development of drug resistance.32,33 In this study, we dem-
onstrated that the combination of melatonin and BRAF-targeting 
agent dabrafenib exhibited synergistic anticancer effects in ATC 
cells, as characterized by increased cell viability inhibition, colony 
formation inhibition, migration and invasion inhibition, cell cycle 
arrest, and apoptosis induction. In addition, we also demonstrated 
that the increased inhibitory effect of melatonin and dabrafenib 
on hTERT expression in ATC cells, elucidating the possible molecu-
lar mechanisms involved in the anti-tumour effects of this combi-
nation therapy.

Cell apoptosis is an important manifestation of cell death, 
which is closely related to the development of tumours.34 The 
caspase-dependent apoptotic signals are key regulators in this 
process, which is activated by mitochondria releasing cyto-
chrome-c, thereby activating downstream caspase-3 and the deg-
radation of certain important cellular proteins, such as PARP.35 In 
our study, we functionally investigated the synergistic regulation 
of melatonin and dabrafenib on apoptosis induction of ATC cells. 
Although dabrafenib itself caused significant apoptosis of tu-
mour cells, such apoptosis induction was greatly enhanced by its 
combination with melatonin. Moreover, the combination of mel-
atonin and dabrafenib resulted in an increased activation of the 
caspase-dependent apoptotic signalling pathway, as evidenced 
by increasing the expression of Bax, decreasing the expression of 
Bcl-2 and up-regulating the expression of cleaved caspase-3 and 
PARP. Taken together, these results suggested that the enhanced 
anti-tumour effect of melatonin and dabrafenib was partly based 
on the increased activation of the caspase-dependent apoptotic 
pathway, which was consistent with the previous studies that mel-
atonin alone or combined with chemotherapeutic agents induced 
apoptosis in several cancers.36,37

The main cause of death in ATC patients is related to its pro-
found metastasis and invasion characteristics38 EMT, a process in 
which epithelial cells transform to mesenchymal phenotype and 
subsequently become highly mobile, has been shown to affect the 
progression of cancer cell migration and invasion. The acquisition 
of mesenchymal markers, such as N-cadherin and vimentin, and the 
absence of epithelial markers, such as E-cadherin, are the hallmarks 
of EMT. Our results in this study demonstrated that compared with 
the use of melatonin or dabrafenib alone, the combination of these 
two agents significantly increased the expression of E-cadherin and 
decreased the expression of N-cadherin and vimentin, thus inhibit-
ing the EMT process, implying that the enhanced inhibition of cell 
growth mediated by melatonin and dabrafenib was related to the 
increased inhibition of cell metastasis and invasion of ATC cells.

hTERT is a major component of human telomerase that pro-
longs the end of chromosomes and maintains chromosomal stabil-
ity, resulting in cellular immortalization and tumorigenesis.39 For 
a long time, studies on hTERT were mainly focused on its ability to 
maintain telomere length to continuously promote cell prolifera-
tion. However, in recent years, hTERT has also been found to have 

non-telomere-dependent functions,40 such as regulation of gene ex-
pression, cellular signalling pathways, cell cycle, protection of mito-
chondrial DNA and regulation of DNA damage response.41-45 It was 
usually overexpressed in a variety of tumours, including thyroid can-
cer.31 Accumulating evidence has suggested that overexpression of 
hTERT was not only related to the aggressive behaviours of thyroid 
cancer cells,46 but also predicted the early recurrence of thyroid can-
cer patients.47 Knockdown of hTERT resulted in decreased prolifera-
tion, invasion and migration abilities of ATC cells.31 Moreover, hTERT 
was found to induce thyroid cancer cell proliferation by regulating 
PTEN/AKT signalling pathway.48 Considering that melatonin exerted 
its anti-tumour effects by inhibiting the expression of hTERT and the 
activity of telomerase,49 we deduced that melatonin might poten-
tiate dabrafenib-mediated growth inhibition of ATC cells in part by 
inhibiting hTERT signalling. Our results showed that the combination 
of melatonin and dabrafenib significantly reduced the expression of 
hTERT at mRNA and protein levels. Notably, overexpression of hTERT 
rescued the inhibition of cell viability caused by co-treatment with 
melatonin and dabrafenib. Furthermore, the induction of cell cycle ar-
rest at G1 phase caused by such combinational treatment was signifi-
cantly attenuated when hTERT was overexpressed. Collectively, all 
of these results indicated that melatonin synergized with dabrafenib 
to induce growth inhibition in ATC cells partly through inhibiting 
hTERT signalling, and such signalling inhibition may be a potential 
therapeutic target in thyroid cancer. However, further studies are 
needed to elucidate the molecular mechanisms by which melatonin 
and dabrafenib synergistically inhibited hTERT expression. Besides, 
melatonin and dabrafenib should be further tested in vivo to evaluate 
their antineoplastic effect in nude mice model.

5  | CONCLUSIONS

In summary, our results suggested that melatonin and dabrafenib 
synergistically inhibited the growth of anaplastic thyroid cancer 
cells, as evidenced by synergistic inhibition of proliferation, migra-
tion and invasion, and synergistic enhancement of cell cycle arrest 
and apoptosis induction. In addition, we also investigated the molec-
ular mechanisms that may be involved in this combination therapy, 
and found that melatonin synergized the anti-tumour effect of dab-
rafenib by inhibiting hTERT signalling in human anaplastic thyroid 
cancer cells (Figure 6). All these data indicated that the combina-
tional use of melatonin and BRAF-targeting agent dabrafenib has the 
potential to become a novel approach in the treatment of anaplastic 
thyroid cancer.
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