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Abstract 

Cancer cells prefer to metabolise glucose by glycolysis instead of OXPHOS, 

even in the presence of O2. Mitochondria produce energy through OXPHOS and 

adapt their structure and function by mitochondrial fission and fusion. 

Mitochondrial fission provides an adequate number of mitochondria to support 

growing and dividing cells, DRP1 is the mitochondrial fission key component. Our 

group demonstrated that DRP1 is overexpressed in Hürthle cell tumours. 

MAPK signalling is frequently activated in thyroid cancer, BRAF (one main 

protein of MAPK signalling) was related with higher expression of DRP1 in 

melanoma – suggesting a synergistic effect of both pathways. 

We aim to assess the functional relevance of DRP1 and to understand the 

interaction between mitochondrial fission and MAPK signalling, in thyroid cancer. 

We assessed the effects of Mitochondrial division related protein 1 inhibitor 

(Mdivi-1) and Dabrafenib - BRAF inhibitor – on cell viability (Presto Blue and SRB 

assay), apoptosis (Annexin V/PI staining) and cell cycle (PI DNA staining) in four 

thyroid cancer cell lines – TPC1, C643, 8505C and XTC-1. Moreover, we evaluated 

their effects on downstream signalling targets through Western Blot and RQ-PCR. 

Colony assay formation has, also, been performed. 

Our results show that Mdivi-1 decreases cell viability and cell proliferation, 

as well as cells colonic potential, in all cell lines. Also, the DRP1 inhibitor induces 

cells to death. The drug increases the number cells in G1. Mdivi-1 effect is dose-

dependent, but it is not time-dependent. and is verified in all cell lines, except in 

the oncocytic cell line XTC-1. Dabrafenib, in its turn, has an effect in cell viability 

that is not dose-dependent, except for TPC1 cell line, but it is time-dependent. The 

BRAF inhibitor induces cell death, however its effect is less accentuated. Dabrafenib 

increases the number of cells in G1 and decreases the number of cells in G2. The 

combined treatment seems to have a synergistic effect on cells colonic potential 

and cell death. In 8505C cell line, Mdivi-1 and Dabrafenib decrease the proteins 

expression. In XTC-1 cell line, Dabrafenib seems to increase TSHR and NIS mRNA 

expression. 

 Concluding, mitochondrial dynamics and DRP1 are relevant for thyroid 

cancer. Moreover, DRP1 interacts with signaling pathways, as MAPK pathway, 

altering the behavior of cancer cells. Mdivi-1 and Dabrafenib are promisor drugs as 
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a complement treatment to the conventional treatments of thyroid cancer, 

especially for oncocytomas. 

 

Keywords: mitochondrial fission, DRP1, thyroid cancer, oncocytomas, MAPK 

signaling, BRAF 
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Resumo 

As mitocôndrias, através do sistema de fosforilação oxidativa, dependente 

de oxigénio, produzem a maior parte da energia das células. Assim, as 

mitocôndrias adaptam a sua função e estrutura, com a cooperação de proteínas 

reguladoras dos processos de divisão e fusão mitocondriais, de forma a suprir as 

necessidades energéticas da célula e a manter a homeostasia celular. Porém, as 

células cancerígenas obtêm a maior parte da energia de que necessitam pela 

metabolização da glucose através da glicólise, mesmo na presença de oxigénio. O 

nosso grupo demonstrou que a proteína DRP1 – responsável pela divisão 

mitocondrial - se encontra sobre expressa em tumores oncocíticos da tiróide. 

A via de sinalização MAPK encontra-se frequentemente ativa em tumores, e 

a ativação da proteína BRAF (pertencente a esta via) está relacionada com a sobre 

expressão da DRP1 em melanoma, sugerindo um efeito sinergético das duas vias. 

 O objetivo deste projeto é compreender a relevância funcional da proteína 

DRP1 e a interação entre a divisão mitocondrial e a via de sinalização MAPK no 

cancro da tiróide. 

 Para tal, foram estudados os efeitos de dois fármacos – um inibidor da 

proteína DRP1 (Mdivi-1) e um inibidor da proteína BRAF (Dabrafenib) – na 

viabilidade, crescimento, divisão e apoptose celulares em quatro linhas celulares – 

TPC1, C643, 8505C e XTC-1 - de cancro da tiróide. Os efeitos dos fármacos em 

alvos moleculares relevantes foram, também, avaliados através das técnicas de 

Western Blot e RQ-PCR. Finalmente, foi estudada a capacidade para as células 

formarem colónias. 

 Os resultados demonstram que o Mdivi-1 diminui a viabilidade e proliferação 

celulares, bem como a capacidade de formação de colónias e aumenta o número 

de células em apoptose. Este efeito depende da dose, mas não do tempo de 

exposição à droga, e é verificado em todas as linhas celulares, exceto na linha 

celular oncocítica, XTC-1. Já o Dabrafenib, tem um efeito na viabilidade celular que 

parece não depender da dose, exceto para a linha celular TPC1, mas que depende 

do tempo de exposição, diminuindo a proliferação celular e aumentando o número 

de células apoptóticas, sendo o efeito menor que o do Mdivi-1. O tratamento 

simultâneo com os dois fármacos tem um efeito sinergético. Na linha celular 

8505C, o Mdivi-1 e o Dabrafenib diminuem a expressão de proteínas. Na linha 

celular XTC-1, o Mdivi-1 e o Dabrafenib aumentam a expressão do mRNA TSHR e 

NIS. 
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 O Mdivi-1 parece ter efeito sobre as capacidades de proliferação, 

colonização e sobrevivência das células de cancro da tiróide, demonstrando a 

relevância da dinâmica mitocondrial e da proteína DRP1 na doença. A proteína 

DRP1 interage com vias de sinalização, o que influencia o comportamento das 

células cancerígenas. O Mdivi-1 e o Dabrafenib poderão ser usados como terapia 

adicional às terapias convencionais de cancro da tiróide, sobretudo no tratamento 

de oncocitomas. 

 

Palavras-chave: divisão mitocondrial, DRP1, cancro da tiróide, oncocitomas, 

sinalização MAPK, BRAF 
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Chapter 1: Introduction 

The thyroid gland is in the front side of the neck below the thyroid cartilage. 

The endocrine gland has a butterfly shape, comprising two lobes – the left lobe and 

the right lobe - united by a narrow isthmus. Histologically, the endocrine gland is 

constituted by two main types of parenchymal cells: follicular cells, which 

concentrate iodine and produce thyroid hormones (triiodothyronine - T3 - and 

thyroxine - T4); and parafollicular or C cells, which produce the hormone calcitonin
1

. 

The hormones produced by thyroid cells play relevant roles in human homeostasis. 

T3 and T4 hormones are regulators of metabolic processes crucial for normal growth 

and development along with regulation of metabolism in adults
2

, while calcitonin 

is a regulator of calcium homeostasis. 

Cancer is anticipated as the major cause of mortality and the barrier to 

increase life expectancy in the world in the 21
st

 century
3

, requiring great attention. 

Thyroid cancer (TC) is distinct from every other endocrine malignancy since among 

these malignancies TC has the highest incidence around the world. Thyroid cells 

can be the origin of various types of thyroid cancer: follicular cells are the origin of 

well differentiated thyroid cancer, which includes papillary thyroid cancer (PTC), 

follicular thyroid cancer (FTC) and Hürthle cell tumour (HCT), and of 

undifferentiated or anaplastic thyroid cancer (ATC),  whereas parafollicular 

neuroendocrine cells give rise to medullary thyroid cancer (MTC)
1,4

. 

 

Figure 1: Thyroid cancer origin and principal histotypes scheme. 
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1.1 Epidemiology and Risk Factors 

Cancer incidence and mortality are rapidly increasing around the world, 

reflecting the population growth and aging
5

. As documented by the International 

Agency for Research on Cancer (IARC) in 2019, cancer accounted with 18.078.957 

new cases and 9.555.027 deaths worldwide in 2018, 4.229.662 (23,4%) of new 

cases and 1.943.478 (20,3%) of deaths occurred in Europe. Also, IARC estimated 

that in 2030 will be diagnosed 24.112.118 new cases and will occur 13.027.021 

deaths as a result of disease around the world. During the same year, all the 

malignancies accounted with 58.199 new cases and 28.960 deaths, in Portugal. It 

is estimated that in 2030 will be diagnosed 65.356 new cases and will occur 33.935 

deaths due to the disease in the country. 

Thyroid cancer ranks in ninth place for cancer incidence accounting for 

567.233 new cases worldwide in 2018, 1701 (2.9%) of new cases occurred in 

Portugal. Beyond, TC incidence is rapidly increasing. Even though most of 

diagnosed TCs are small PTCs, increased incidence has been observed for different 

tumour sizes and stages in both genders and in various ethnic groups
6

. IARC 

predicts that in 2030 will be diagnosed 112.882 new cases with 15.663 deaths as 

result of disease. The large difference between incidence and mortality 

demonstrates the indolent nature of this endocrine malignancy. Well-differentiated 

TC is the most recurrent form; PTC represents most of the cases, MTC is less 

common and ATC is a rare form of disease. The great number of PTC cases may be 

due the increase of diagnosis through detection and diagnostic improvement and 

perhaps through modifications in the prevalence of risk factors
7

. 

The principal risk factors related with thyroid cancer include ionizing 

radiation exposure, age and female sex
8,9

. TC is also connected to other risk factors 

predominantly physiological and lifestyle risk factors, as iodine intake, thyroid 

stimulating hormone (TSH) dysregulation, obesity and environmental pollutants
10,11

. 

Ionizing radiations are carcinogens that induce deoxyribonucleic acid (DNA) 

damage directly or through reactive oxygen species (ROS) production. Thyroid is 

more irradiated than other organs and tissues due to its location in the body and 

to its capacity to accumulate iodine
8

. In addition, the endocrine gland is more 

radiosensitive at early ages, children exposed to ionizing radiation commonly tend 

to develop PTC, the most common histotype diagnosed after radiation exposure, 

as seen after the Chernobyl accident when great amounts of iodine were released 

in the atmosphere inducing a peak of PTC cases during childhood
12

. The risk for 
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developing thyroid cancer after radiation exposure is also influenced by radiation 

doses, increasing to doses higher than 0.5-1 Gy
13

. 

According to IARC the global incidence of thyroid cancer in females is three 

times higher than in males. The less aggressive histotypes of TC – well 

differentiated - are more frequent in women, while the most aggressive histotypes 

have similar incidence in both sexes. Besides, women are diagnosed at earlier ages 

than men, still men reveal more aggressive disease at diagnosis. In parallel with 

that, men have a lower free-disease survival and a higher rate for mortility
14

. 

As recognised lifestyle affects cancer risk; and nutrition is a central risk 

factor for cancer development. Iodine intake is recognised as an influencer of 

thyroid cancer, but it influences the histotype rather than the incidence. In an iodine 

deficit diet, the capacity of thyroid gland to uptake  radioactive iodine is higher, - 

resulting in higher radiation doses absorbed by the endocrine gland
13

. It may cause 

an increase of TSH - being responsible for the development of follicular 

carcinomas
15

. High serum TSH levels are especially associated with FTC in  

advanced stages
16

. On contrary, iodine excess is related with a risen risk of PTC
17

. 

Besides iodine, nutrients and nutrition factors that affect iodine organification can 

also function as thyroid carcinogens
10

. As a part of lifestyle studies, a strong 

relation between obesity and the risk of develop cancer and between obesity and 

cancer related death has been shown for various malignancies
18

. Insulin is a 

stimulator of thyrocyte proliferation and an expression regulator of thyroid genes 

expression, also the insulin resistance and hyperinsulinemia (characteristic of 

obesity) might be a risk factor for thyroid cancer instead of the metabolic imbalance 

found in obesity
19

. 

1.2 Diagnosis 

Thyroid cancer diagnosis begins with physical examination of the neck. 

Additional exams are performed to define the benign or malign nature of the 

lesions and to evaluate the disease progress. High-resolution ultrasonography is 

an advantageous assistant approach to the physical examination, it allows the 

acquisition of images of the thyroid gland and of its nodules, the recognition of 

numerous nodules that would not be detected through palpation and the 

evaluation of suspicious cervical lymph nodes
20

 for evaluation of both central and 

lateral lymph nodes for metastases. This exam also assists in the performance of 

fine needle aspiration (FNA)
20

. FNA allows the access to thyroid nodules and its 
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pathological evaluation. Besides FNA, laryngoscopy is relevant for assessment of 

thyroid nodules and for preoperative evaluation
21

. 

In addition, serum TSH level should be measured in order to identify 

underlying thyroid dysfunction
21

 and serum calcitonin measurement must also be 

verified when MTC is suspected in nodules detection
20

. 

The use of molecular markers in diagnosis, including B-type Raf kinase 

(BRAF) and rat sarcoma virus (RAS) mutational analysis and, in a reduced extent, 

ret proto-oncogene rearrangement (RET/PTC), is being considered to better 

discriminate TC histotypes
22,23

. Currently, patients with familial MTC who are under 

surveillance can be identified with molecular analysis by detection of RET gene 

mutation
20

. 

1.3 Prognosis 

Well-differentiated thyroid cancer is related with a long-term survival, being 

one of the least morbid solid carcinomas. Yet, a minor part of patients with PTC (1-

6.5%) and patients with ample FTC vascular invasion die from disease-related 

causes
1

. Inversely to well differentiated thyroid cancer, anaplastic thyroid cancer is 

aggressive and is between the most deadly malignancies
1

, accounting for a 

mortality rate higher than 90%. 

Besides their role as molecular markers for diagnosis, various molecular 

modifications have been considered as prognostic markers in TC. Genes involved 

in the mitogen-activated protein kinase (MAPK) pathway are relevant, especially 

BRAF. Mutations in BRAF were associated, in various researches, with an increased 

possibility of extrathyroidal extension, lymph node metastasis, recurrence and 

mortality
24,25

. 

1.4 Treatment  

1.4.1 Surgery 

Surgery is always considered as treatment for thyroid cancer, but there is a 

controversy on how extensive a resection should be. Most surgeons defend total 

thyroidectomy over thyroid lobectomy
26

. Thyroidectomy is related with lower 

recurrence and improved survival; while thyroid lobectomy reduces the risk of 

increased morbidity. In some cases, especially for advanced primary tumours, it is 

also suggested prophylactic central-compartment neck dissection during the 

surgery
21,27

. 
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1.4.2 Radioiodine Therapy 

Follicular cells from thyroid gland incorporate and organify iodine in their 

physiological functions. For this reason, radioiodine therapy is often used in 

patients with well-differentiated thyroid cancer in postoperative condition in order 

to extinguish remaining carcinogenic thyroid tissue, avoid regional recurrence and 

ease surveillance with stimulated thyroglobulin measurements and whole-body 

iodine images. Numerous studies report declines in recurrence and mortality after 

iodine-131 (
131

I) treatment
21,28

, mainly in patients with big tumours (>1,5 cm), 

multifocality, residual disease, nodules metastasis, vascular invasion and 

intermediate differentiated histology
21

. However, other studies don’t find this 

relation, especially in low-risk patients
28

. It is difficult to decide which doses of 
131

I 

should be administered to patients since these doses aren’t well defined. Low 

doses, with less than 30mCi are regularly administered on younger low-risk 

patients, while higher doses between 100mCi and 200mCi are applied on older 

high-risk patients, specifically patients with an insufficient resection of the primary 

tumour, aggressive primary tumour, tumours with intermediately differentiation 

and/or metastases
29,30

. 

1.4.3 External Beam Radiotherapy (EBRT), Chemotherapy 

External beam radiotherapy (EBRT) and chemotherapy effect in thyroid 

cancer is restricted. EBRT is only performed in cases of unresectable large disease, 

metastases in dangerous sites that possibly will result in fracture and neurological 

or compressive symptoms and painful bone metastases
1

. The chemotherapeutic 

agent most frequently used in TC is doxorubicin (Adriamycin). Doxorubicin and 

cisplatin combination therapy has not demonstrated better results than single-

agent therapy and gets worse toxicity. However, doxorubicin and platinum 

combination appears to be more effective in anaplastic thyroid cancer than 

doxorubicin alone
1

. Hyper fractionated radiation treatments are applied in 

combination with doxorubicin for unresectable disease, which is not responsive to 

radioiodine therapy
21

. 

Furthermore, new therapies are under studies. Some clinical trials are 

focusing on various tyrosine kinase inhibitors (TKIs), whereas others focus on 

inhibition of TC related molecules. 
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1.5 Thyroid Oncocytomas 

Oncocytomas are tumours identified by cells with a huge quantity of 

abnormal and unfunctional mitochondria in their cytosol, regardless the benign or 

malignant nature of the neoplastic lesions
31

. Histopathologically, the oncocytic 

tumours are recognised by cells with an eosinophilic and granular cytosol, huge 

nuclei and protuberant nucleoli
31–33

. Oncocytomas rarely occur in most human 

organs, but they frequently occur in endocrine organs
33

. These tumours can be 

mentioned as oncocytic, oxyphilic or eosinophilic tumours. Hürthle cell tumours 

arise from follicular neoplasms, these tumours are commonly encapsulated and 

consist of a great number of oncocytic cells. Further, thyroid cancer histotypes can, 

also, present oncocytic variants
34

. Nevertheless, the classical therapy for TC, the 

radioactive iodine therapy, is often ineffective in some oncocytomas, because these 

tumours have less (or even lack) competence to incorporate iodine. 

In oncocytic cells, the ample number of mitochondria in the cytoplasm can 

be observed through all the tumour (denominated “primary” oxyphilia – indicates 

that the carcinoma hit happened in cells that already possess mitochondrial 

anomalies) or in a few parts of the tumour (denominated “secondary” oxyphilia – 

indicates that the mitochondrial anomalies happened following the tumour 

initiation process)
31

. The accumulation of 20 to 50-fold more mitochondria in each 

oncocytic cell suggests
33,35

 that this transformation can occur especially in tissues 

with minimal proliferative rate and decreased turnover, in reliable cells with an 

extended intermitotic interval
31,36

. However, the mechanisms regarding cell 

transformation to the oncocytic phenotype still debatable. 

Oncocytic cells have reduced oxidative phosphorylation (OXPHOS) activity, 

which can send signals to cells to proceed into a compensation mechanism of 

mitochondrial super production to compensate energy deficits
37

. Probably, cellular 

OXPHOS activity of the new organelles is not enough to recover energy deficits, and 

oncocytic cells are forced to alter their metabolism to a distinct metabolic pathway 

for energy production to compensate the OXPHOS dysfunction
38–40

. Also, in 

oncocytomas the decreased recycling of abnormal organelles (autophagy) and a 

singular defect in mitochondria renewal (mitophagy) may concurrently occur and 

favour cytoplasmic mitochondrial accumulation
41,42

. The influence of each of the 

referred mechanism to oncocytic transformation differs in agreement with the 

accuracy of the carcinogenic hit and the microenvironment that involves the 

tumour. 
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Frequently, oncocytomas accumulate various mutations in genes encoding 

OXPHOS subunits, especially genes encoded in the mitochondrial DNA (mtDNA). 

mtDNA encoding  complex I subunit of OXPHOS system are the most affected
43

. 

The high incidence of these mutations may contribute for the functional alterations 

observed
42–46

. 

Accounting for the benign nature of most oncocytic tumours, the referred 

modifications may be the reason for low progression and invasiveness of oncocytic 

tumours and may influence various cellular functions sustained by mitochondria as 

energy production, calcium homeostasis, macromolecule synthesis and apoptosis 

limiting the tumourigenic potential
44

. The particular features of oncocytomas turn 

them a proper model for experiments aiming to comprehend the influence of the 

metabolism and mitochondria in carcinogenesis. 

1.6 Cellular Signalling Pathways and Thyroid Cancer 

Thyroid cancer generally harbours mutations along the mitogen-activated 

protein kinase (MAPK) and the phosphoinositide 3-kinase (PI3K) cellular signalling 

pathways. MAPK pathway sends growth signals from the plasma membrane to the 

nucleus, modulating cell survival, differentiation and proliferation 
47,48

. PI3K 

pathway phosphorylates various intermediates like mammalian target of rapamycin 

(mTOR) and forkhead box O3 (FOXO), also controlling key cellular functions as cell 

survival and proliferation, and protein synthesis. Mutations and genomic 

rearrangements involving B type Raf kinase (BRAF), rat sarcoma virus (RAS) and Ret 

proto-oncogene (RET) - all members of the MAPK signalling cascade – are identified 

in thyroid cancer as well as mutations in phosphatidylinositol-3,4,5-triphosphate 

3-phosphatase (PTEN) and Akt serine/threonine kinase (AKT). The identification of 

these genomic alterations can be relevant for clinical management, since they can 

be responsible for tumour behaviour and alter responses to treatment
48

. 

The most common mutations found in PTC are those involving BRAF and 

RET. Anaplastic thyroid cancer can also be characterized by BRAF mutations. 

Whereas, FTC most frequent mutations are those in RAS family of oncogenes
49

 and, 

in a smaller percentage, in the tumour suppressor gene PTEN. Medullary thyroid 

cancer is often related with mutations in RET, which can occur sporadically or in 

germline with an autosomal dominant inheritance. In MTC also occur initiating 

mutations in RAS
50–54

.  
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1.6.1 B Type Raf Kinase (BRAF) 

BRAF belongs to a short family of RAF proteins and functions as a 

cytoplasmatic threonine protein kinase in the MAPK cascade. Normally, RAS is 

responsible for BRAF activation
55

. When activated BRAF phosphorylates and, 

therefore, activates mitogen-activated protein kinases (MEK), it transduces 

mitogenic signals to downstream proteins as extracellular regulated kinases (ERK). 

BRAF gene mutations are regularly found in TC, resulting in unregulated kinase 

activity and increased stimulation of MAPK pathway
56

. The most common mutation 

in BRAF in TC is a missense mutation, with a transversion from thymine to adenine 

at the 1799 nucleotide position conducts to a valine to glutamate replacement at 

the 600 amino acid position (BRAF
T1799A 

to BRAF
V600E

). This mutation constitutively 

activates BRAF, that remains independent from RAS, and in its turn constitutively 

activates MEK and ERK
56,57

. 

BRAF mutations have been related to the aggressiveness of PTC. Numerous 

studies found association between BRAF mutations and tumour volume, 

extrathyroidal invasiveness, advanced stage at diagnosis, lymph node 

metastasization  and risk of recurrence
58–64

. In addition, tumours harbouring BRAF 

mutations have a decreased responsiveness to radioiodine therapy, which limits 

the treatment options
64

. The responsiveness of BRAF-mutated PTCs is related with 

a reduced activity of proteins that participate in the incorporation and 

organification of iodide, for instance sodium iodide symporter (NIS), demanding a 

superior number of radioiodine therapy sessions and superior exposure of 

radioiodine refractory incidence to reach disease free status
58,65–67

. Reactivation of 

radioiodine activity is relevant to therapy effectiveness. It was demonstrated that 

BRAF and its downstream effector – MEK - inhibitors can increase NIS activity in pre-

clinical models
66,68,69

. 

1.6.2 Rat Sarcoma Virus (RAS) 

RAS proteins – that include H-RAS, N-RAS and K-RAS – are short guanosine-

5´-triphosphatases (GTPases) responsible for the activation of relevant pathways, 

including MAPK and PI3K signalling pathways. RAS occurs in an active or inactive 

form reliant on a GTP-bound and, - normally its activation is promoted by exterior 

signals, especially signals from tyrosine kinase receptor on the cell surface. RAS 

constitutively activating mutations are possibly the most frequent mutations in 

thyroid  cancer, especially mutations in N-RAS codon 61 and in H-RAS codon 61
70–

72

. 
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1.6.3 Ret Proto-Oncogene (RET) 

RET is a tyrosine kinase receptor on the cell membrane that transmits signals 

to RAS and to the downstream proteins belonging to MAPK pathway
73

. The RET 

alterations found in thyroid cancer are mostly genetic rearrangements originating 

chimeric proteins. RET is not normally present in follicular cells, however the 

juxtaposition of the RET 3’ kinase domain to a 5’ partner and the corresponding 

promotor conducts to fusion oncoprotein expression and abnormal kinase 

activation, with downstream activity of the MAPK pathway
74,75

. RET has many fusion 

partners described, however the most frequent are coiled-coil domain-containing 6 

(CCDC6) and non-crossover 4 (NCO4)
48,76

, these fusion partners are able to 

constitutive dimerization, that ends in constitutive RET activation through self-

phosphorylation. 

1.6.4 Phosphatidylinositol-3,4,5-triphosphate 3-phosphatase 

(PTEN)/Akt serine/threonine kinase (AKT) 

PTEN is a phosphatase that acts as an inhibitor of PI3K. Stimulated PI3K 

activates AKT through phosphorylation. AKT activation in cancer may be due to 

mutations in PTEN or to mutations in AKT itself
77,78

. Genetic alterations in PI3K and 

in AKT are commonly found in FTC and in ATC. Activating mutations, including 

amplification, in exons 9 and 20 of gene encoding for the subunit 

phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) 

were reported in numerous cases of TC
79

.   
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Figure 2: Thyroid cancer signalling pathways interaction and connection to DRP1.  

Ret proto-oncogene (RET), rat sarcoma virus (RAS), B type Raf kinase (BRAF), mitogen-

activated protein kinases (MEK), extracellular regulated kinases (ERK), phosphoinositide 3-

kinase (PI3K), phosphatidylinositol-3,4,5-triphosphate 3-phosphatase (PTEN), Akt 

serine/threonine kinase (AKT), mammalian target of rapamycin (mTOR), dynamin-related 

protein 1 (DRP1). 

1.7 Mitochondria 

Cancer is a strongly structured, invasive, and progressive clone with origin 

in our tissues. It is indispensable to comprehend the cellular and molecular 

dynamics of cancer, to do so it is required to complement genomic and epigenomic 

evidence with metabolic knowledge. As Otto Warburg declared, carcinogenic 

agents and mutations could not sustain cancer cell transformation unless the 

metabolism was also modified
80

. One of the most relevant features of cancer from 

metabolism perspective is the excessive production of lactic acid as a result of 

glycolysis
80,81

. Warburg also hypothesized that tumour cells obtain their energy by 

fermentation instead by respiration, and damages on respiration are permanent 

once it never returns to normal and go on through all the subsequent divisions
80

. 
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However, such damage on respiration is not deleterious enough to induce death in 

cancer cells
82,83

. 

Mitochondria are double-membrane dynamic organelles with their individual 

genome- the mitochondrial DNA (mtDNA). Even so, mitochondria are partially 

autonomous organelles relying on nuclear genome and not only on their own 

genome. The outer mitochondrial membrane (OMM) interacts with cytosol, while 

the inner mitochondrial membrane (IMM) projects into mitochondria matrix, and 

the space surrounded by the OMM and the IMM is known as intermembrane space 

(IMS). Mitochondria cannot be formed de novo; their proliferation depends on 

growth and division of already present organelles
84

. One somatic cell can 

comprehend from 200 to 2000 mitochondria; this quantity relies on the cell energy 

requirements
45

. Mitochondria have distinct morphological and functional purposes 

in a cell as cell energy production trough oxidative phosphorylation, maintenance 

of molecular homeostasis, reactive oxygen species (ROS) production and activation 

of intrinsic apoptotic cascade; but typically are known by their fundamental role in 

cellular metabolism
85

. Mitochondria fulfil the cell energetic requirements by 

adenosine-5’-triphosphate (ATP) production through an electron transport chain on 

their IMM - the oxidative OXPHOS system -  to generate a proton gradient used in 

ATP synthesis in an oxygen-dependent manner
86,87

, being considered the major 

converters of ATP and nicotinamide adenine dinucleotide phosphate (NADPH). To 

realize their purposes mitochondria, migrate through the cytoskeleton, through 

microtubules, gathering at locations where energy is required
88

.  ATP production 

can also occur in the cytoplasm via glycolysis, in its turn in an oxygen-independent 

manner. Nevertheless, OXPHOS has a higher rate of production than glycolysis per 

glucose consumed, so usually cells prefer this via to obtain energy when there is 

enough oxygen (O2). In normal cells, there is a swipe from OXPHOS to glycolysis, 

every time that O2 levels reduce (Pasteur effect). However, Warburg hypothesized 

that cancer cells convert glucose through glycolysis, instead of OXPHOS even if 

there is enough O2. The phenomenon is probably due to permanent damages of 

OXPHOS system in cancer cells and is referred as Warburg effect
80

. If energy 

production by OXPHOS is not available, glycolysis is the alternative process to 

produce ATP. Two main consequences of this metabolic shift create an 

advantageous environment for tumour cells: (1) excessive production of lactic acid 

and tissues acidification inducing damage to surrounding non-carcinogenic cells, 

and (2) growth and survival not depending on O2 presence. Even though glycolysis 
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is considered a hallmark of cancer, the origin and the connection with cancer 

establishment and development are not clearly understood. 

Furthermore, mitochondria may play a role as regulators of metabolism 

homeostasis, regulating the quantities of intracellular molecules
89

. One aptitude of 

mitochondria is calcium (Ca
2+

)
 

buffer role between the endoplasmic reticulum (ER) 

and the IMM over one mitochondrial calcium uniporter (MCU)
90,91

. Mitochondrial Ca
2+

 

concentrations in their matrix are demanded for sustain ATP production
92

. 

An additional feature of these organelles is the production of reactive 

oxygen species (ROS) as products of respiration through oxidative 

phosphorylation, ROS in its turn can function as signalling molecules. However, 

they induce toxicity when produced in excess under pathological conditions. 

Mitochondria are players in signalling pathways and consequently in cellular 

functions. For instance, mitochondria  inhibit autophagy via MAPK signalling 

pathway suppression
93

 and interfere in  the intrinsic apoptotic cascade, that is 

stimulated in response to various stress signals. The activation of the intrinsic 

apoptotic pathway conducts to mitochondrial membrane permeabilization, 

cytochrome c liberation and consequent caspase activation, which ultimately leads 

to non-reversive cell death
94

. Because of their major functions in regulating key 

cellular processes, mitochondria are regularly in the turning point between survival 

and death. 

Mitochondrial DNA mutations, deletions or impaired DNA replication are the 

principal origin of mitochondrial dysfunction. Even though most of the human 

genes are nuclear and are equally inherited from both progenitors, there is a group 

of genes located in the cytosol, within the mitochondria, that are entirely inherited 

from the mother – the ones encoded in mtDNA. In humans, the mtDNA encodes 37 

genes: 2 ribosomal ribonucleic acid (RNAs), 22 transfer RNAs and 13 genes 

encoding for proteins belonging to OXPHOS chain - nicotinamide adenine 

nucleotide (NADH)- ubiquinone oxireductase chain 1 (ND1), ND2, ND3, ND4, ND4L, 

ND5, ND6, cytochrome B (CytB), cytochrome c oxidase subunit I (COI), COII, COIII, 

ATPase 6 and ATPase 8
86,87

. The mtDNA encodes proteins required for transcription 

at mitochondria and for respiratory activity. 

The metabolic shift from OXPHOS to glycolysis characteristic of cancer cells 

in the presence of O2 may be due to defects in OXPHOS. During the last 10 years, 

genetic studies for OXPHOS identified mutations on mtDNA encoding OXPHOS 
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genes in various forms of cancer
46

. Besides, it has been demonstrated that damage 

in OXPHOS cancer cells stimulate AKT pathway mechanism mediated by redox 

reactions
95

. Cancer can be promoted by mtDNA mutations that induce apoptosis 

inhibition
96

 or influence the production of ROS , which stimulates cell proliferation
97

.  

The mutation rate in this molecule is 10 to 20 times higher than the one of nuclear 

DNA, this difference between both rates may be justified for mtDNA particularities: 

the polymerase ƴ does not replicate mtDNA with high fidelity; the clustering of  ROS 

in the mitochondrial inner membrane (near to mitochondrial DNA) is high and 

induce mtDNA errors; mtDNA lacks competent repair mechanisms and lacks 

coating proteins similar to histones in the nucleus
87

. Besides, mutations in mtDNA, 

mutations in classical nuclear oncogenes and tumour suppressor genes from the 

nuclear DNA as Ras, MYC proto-oncogene (Myc), AKT and tumour protein p53 (p53) 

may also lead to metabolic modifications and stimulate glycolysis
83

. The changes 

in metabolism of cancer cells can be a gain for survival and growth in the tumour 

microenvironment, here the hypoxia-inducible factor (HIF) acts as protagonist
98

. 

Besides, mitochondrial dysfunction can also be a consequence of xenobiotics 

exposure and hostile environmental circumstances
82

. 

Imperfections in mitochondria, analogous to those observed in oncocytic 

tumours, where demonstrated to reduce energy generation and consequently 

reduce tumour growth
38

. In this angle, mitochondrial suppressors can be studied 

for tumours treatment. 

Increased understanding of metabolic and mitochondrial faults in oncocytic 

cells will create chances to arrange unconventional therapeutic methods intending 

to modify mitochondrial activity and recover the susceptibility to conventional 

treatments. 

1.8 Mitochondrial Dynamics 

The dissemination of cytosol elements is mandatory for cell survival. Then 

mitochondrial delivery must guarantee that the organelles are spread to satisfy the 

energy demands
99

. Mitochondria structure and morphology varies according to the 

cell environment and differentiation and to cell energetic demands. The balance 

between mitochondria fission and fusion controls mitochondrial number, size and 

localization within the cytoplasm and is referred as “mitochondrial dynamics”
100

. 

Mitochondrial morphology in cells may differ from small spherical organelles 
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(related with fission) to elongated tubular organelles (related with fusion). 

Excessive fission and reduced fusion are distinctive in several tumours
101,102

. 

Mitochondrial fission provides a proper quantity of mitochondria to cells in 

growth and division sustain their cellular functions
103

. Mitochondrial division 

creates more organelles and contributes as a mechanism to control quality by 

targeting defective mitochondria for careful elimination through autophagy 

(denominated mitophagy in the particular case of mitochondria elimination)
104

. 

Alterations in mitochondrial dynamics (mostly mitochondrial fission) anticipate 

mitophagy
104

. Below stress stimuli or during the mitochondrial defects 

accumulation, mitochondrial fission is stimulated, and mitochondria recycling 

arises to eliminate the defective organelles in the cell
105,106

. Mitochondrial fission is 

regulated by different OMM proteins, that include mitochondrial fission 1 protein 

(FIS1), mitochondrial protein 18kDa (MTP18)
107

, Endophilin B1
108

 and ganglioside-

induced differentiation associated protein (GDAP)
109

, as well as some  proteins that 

have been recently recognized, mitochondrial fission factor (MFF), mitochondrial 

dynamics protein of 49kDa (MiD49), and MiD51, every identified as 

cytoplasmatically-localized
110,111

. However, in mammals the major component of 

mitochondrial fission is the principal component of the dynamin family of GTPases, 

DRP1. Mitochondrial fission is regularly related to mitochondrial dysfunction as 

these morphological states prevail during high stress levels and cell death. 

However, it is not clear the conditions whether the mitochondrial morphology 

shaping proteins are indispensable for the regulation of apoptosis and how 

precisely mitochondria divide during cell death. 

Mitochondrial dynamics is based on fusion when cell energy production rely 

on OXPHOS, as well as when cells are under stress stimuli, in this case the 

distribution of several components allow the non-dysfunctional mitochondria to 

compensate dysfunctional mitochondria
103

. Moreover, mitochondrial fusion is 

imperative for cell survival. Fusion is a requisite to ATP maximal production. As it 

happens in mitochondrial division, dynamin related GTPases play a major role in 

mitochondrial fusion. As mitochondria are organelles with two membranes, the 

synchronized fusion of IMM and OMM is a requisite, although the fusion of different 

membranes depends on distinct mechanisms. Two mitofusions, MFN1 and MFN2, 

fixed on OMM through transmembrane components, facilitate the fusion. For their 

activity, mitofusins dimerize and are transported to mitochondria, then GTPase 

hydrolysis permits mitochondria membrane gathering
112,113

. MFN1 and MFN2 are a 
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requisite for the fusion of OMM and IMM. MFN2 activity is stimulated by its brief 

interaction with the apoptosis related protein bcl-2-associated X protein (BAX), 

which varies its localization from cytoplasm to mitochondria in healthy cells
114

. 

MFN2 is concentrated at the mitochondria-ER contact sites (MAM), and is crucial for 

molecular stabilization of Ca
2+

 and lipids
115

. On the other side fusion of IMM is 

mediated via OPA1 mitochondrial dynamin like GTPase (OPA1). OPA1 genes goes 

through alternative splicing and produces short (s) and long (l) isoforms, essential 

to mitochondrial fusion. The l isoform is attached to IMM, its cleavage to the s 

isoform promotes the fusion of IMM, however the IMM fusion happens after the 

OMM fusion
116

. 

It has been reported that proteins coupled to mitochondrial fission 

(dynamin-related protein 1 (DRP1) and FIS1) and fusion (MFN1, MFN2 and OPA1) 

are overexpressed in Hürthle cell thyroid tumours, which is suggestive of 

dysregulation on mitochondrial dynamics
32,82,94

. 

During the last years, it was suggested that besides their implication in 

regulating the morphology of mitochondria, mitochondrial dynamics proteins also 

act in regulation of cell motility, migration and invasion
117,118

. Mitochondria shift to 

fusion reduces relocation of mitochondria and, therefore, cell migration velocity. 

So, wherever the mitochondria localize, the equilibrium between the two 

mechanisms of mitochondrial dynamics regulates the organelles distribution in 

cytoplasm, and shorter mitochondria move quicker through the microtubules. The 

understanding of mitochondrial dynamics participation in cell motility, migration 

and invasion may improve new therapeutic methodologies to supress cancer cell 

progression. To do that it is important to reveal the signalling pathways strictly 

related with mitochondria shape and the key molecules involved in this processes 

that appear in response to various physiological stimuli. 

1.9 DRP1 

Dynamin-related protein 1 (DRP1), belongs to the dynamin family of 

guanosine triphosphatases (GTPases) being the central element of mitochondrial 

fission course
119

. DRP1 has being associated with the development of various 

malignant tumours, as brain, lung, breast, skin and thyroid cancer
32,118,120–123

. 

Nevertheless, the cause of this relation is not completely understood, and several 

mechanisms were studied independently in different cancer cell models. It was 

reported that DRP1 alters energy production in melanoma, contributes to stemness 

in glioblastoma, associates with lymph node metastases in breast cancer, sustains 
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cell division and proliferation in lung cancer, and possesses a relation with the 

oncocytic phenotype in thyroid cancer
32,118,122,124,125

. 

DRP1 is mainly a cytoplasmic protein, but it has already been described to 

be present in both cytoplasm and mitochondria under basal conditions
32,118,122,124,125

. 

DRP1 moves to mitochondria depending on activation, such as mitochondrial 

membrane disconnection, where it connects to membrane receptors, namely MFF 

and FIS1, promoting the OMM constriction reliant on GTPase activity
88

. The protein 

gathers in spirals in locations where endoplasmic reticulum tubules limit 

mitochondria and consequently polymerize actin, conducting to mitochondrial 

fission. 

Thus, by itself, DRP1 overexpression is not sufficient for mitochondrial 

fission alone, as DRP1 activity relies on its initiation through various post-

translational alterations and on its transport from cytoplasm to mitochondria. The 

post-translational alterations account for phosphorylation, SUMOylation, 

ubiquitination, S-Nitrosylation and O-GlucNAcylation
126–128

.  Numerous kinases are 

in charge of DRP1 activity via phosphorylation at three principal serine residues – 

Ser
637

, Ser
616

, and Ser
693 129,130

. The phosphorylation of the different serine residues 

happens through the activity of different protein kinases. DRP1
S616

 is 

phosphorylated by protein kinases enrolled in signalling pathways, cell division, 

cell cytoskeleton and calcium signalling. These comprise protein kinase C (PKC), 

CDK1/Cyclin B in the perspective of mitosis, rho-associated coiled coil kinase 

(ROCK) or Ca
2+ 

calmodulin depend protein kinase (CAMK-α) promoting fission
129–131

.  

In its turn, DRP1
S637 

phosphorylation, especially by protein kinase A (PKA) supresses 

fission
129,132

. The dephosphorylation of the same residue is mediated by calcineurin, 

that is stimulated by mitochondrial depolarization and by calcium increased level 

in cytoplasm, particularly in nutrient privation state and under apoptosis stimuli
131

. 

Lastly, DRP1
S693

 phosphorylation can be mediated by glycogen synthase 3β (GSK3β), 

an inhibitor of glycogenesis and a controller of several signalling pathways and key 

cellular processes, has been show to inhibit fission in apoptosis
133

. Also, various 

signalling pathways involving PKA, MAPK and EGFR-RAS have been related with 

DRP1 activation leading to mitochondrial fission
55,133–135

. Besides, the SUMO proteins 

may also influence DRP1 activation. DRP1 sumoylation secures the link between 

DRP1 and the mitochondrial membrane, depending on bcl-2-associated X 

protein/bcl-2 homologous antagonist killer (BAX/BAK), stimulating fission
136

. In the 

same way, proteins included in the E3-ubiquitin ligase family regulate DRP1 and 
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consequently mitochondrial fission. The cytosolic E3-ubiquitin ligase Parkin directly 

contacts with DRP1
137

, ubiquitinating it and conducting to its proteasome-

dependent elimination. Still, ubiquitination is not permanently a signal for 

elimination. Other E3-ubiquitin ligase, membrane associated ring-CH-type finger 5 

(MARCH5)
126,127

 benefits DRP1 ubiquitination
126

, but does not eliminates DRP1
128

. 

Perhaps, MARCH5 stimulates DRP1 movement and transferring
128,138

, some 

mitochondria morphology modifications come from MARCH5 interaction with other 

mitochondria-shaping proteins
126

. 

DRP1 is a requisite for mitophagy in response to mild oxidative stress, 

perhaps because of amplified ROS production and by decreased OXPHOS capacity,  

even with the great number of mitochondria
105,139

. 

Mitochondrial fission is accepted as being involved in different apoptotic 

models. DRP1 has been found in complexes with BAX at mitochondrial division 

positions, thus causing permeabilization of the outer mitochondrial membrane 

and promoting the cytochrome C (CytC) release
140

. 

All the aforementioned data point for an important role of proteins of the 

mitochondrial biogenesis machinery in cancer, specifically that of DRP1 protein.  
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Chapter 2: Objectives 

DRP1 is the main element of mitochondrial fission and is associated with 

various cell events. The fission protein expression has been related with the 

progress of several human cancers, through alterations in mitochondrial 

metabolism, survival, growth arrest and invasion
94

. Nevertheless, the mechanisms 

behind this relation still unravelled. 

Furthermore, activation of BRAF, one of the main proteins of MAPK signalling 

pathway (frequently activated in thyroid cancer) was related with an higher 

expression of DRP1 in melanoma – suggesting a synergistic effect of both 

pathways
121

. 

The aim of this project is to study the functional relevance of DRP1 in thyroid 

tumourigenesis, to understand the interplay between mitochondrial fission and 

MAPK signalling pathway in thyroid cancer and to explore if therapies focused on 

these targets would be an improvement in disease treatment. 
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Chapter 3: Materials and Methods 

3.1 Thyroid Cell Lines and Cell Culture 

Four different human thyroid carcinoma cell lines were used in this project: 

TPC1, C643, 8505C and XTC-1. 

TPC1 cell line was obtained from a papillary thyroid carcinoma (National 

Cancer Center Research Intitute, Tokyo, Japan, 1989) and ceded by Dumont JE; 

Mareel M.
141

C643 cell line (Institute of Anatomy and Cell Biology, Goteborg 

University, Goteborg, Sweden) and 8505C cell line (Electro-Chemical and Cancer 

Institute, Chofu, Tokyo, Japan, 1993) were obtained from anaplastic thyroid 

carcinomas and ceded by Mareel M.
141

 

XTC-1 cell line was obtained from breast metastasis of a follicular thyroid 

carcinoma, an oncocytic variant (Surgery Service, Veterans Affairs Medical Center, 

San Francisco, California, 1996) and ceded by Wong MG; Savagner F.
141

 

All cell lines were maintained at 37
o

C, in a humified atmosphere, 5% CO2. 

TPC1, C643 and 8505C were maintained in RPMI (Roswell Park Memorial Institute) 

1640 medium (RPMI-STA, Labclinics, Barcelona, Spain), supplemented with 10% 

fetal bovine serum (FBS) (LTI10500064, Thermo Fisher Scientific, Waltham, 

Massachusetts, USA) and 1% (v/v) penicillin-streptomycin (L0022100, LabClinics, 

Barcelona, Spain). XTC-1 was cultured in Dulbecco’s modified Eagle’s medium 

(DMEM) F12 (L0090-50, LabClinics, Barcelona, Spain) again supplemented with 10% 

FBS and 1% (v/v) penicillin-streptomycin. 

3.2 Treatment of Thyroid Carcinoma Cell Lines with Mdivi-1 and 

Dabrafenib 

All cell lines were treated with Mdivi-1 and Dabrafenib alone and in 

combination. Mitochondrial division inhibitor-1 (Mdivi-1) (M0199, Sigma-Aldrich, 

St. Louis, Missouri, USA) and GSK2118436 (Dabrafenib) (S2807, Selleckchen, 

Houston, Texas, USA) were dissolved in dimethyl sulfoxide (DMSO). Drugs were 

added to the cell culture media and incubated for 48 and 72 hours. DMSO was used 

as control. 
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Figure 3: Treatment of thyroid cell lines timeline. 

3.3 Cell Viability Assays 

Cells were plated in 96-well plates with a density of 2×10
3

 and 3,5×10
3

 

cells/well for TPC1 and XTC-1, C643 and 8505C, respectively, in 100 µL of their 

corresponding medium. After 24 h cells were treated, by adding 100 µL of media 

with dissolved drugs at the desired concentrations. For Presto Blue Assay, all cell 

lines were treated with Mdivi-1 in the following concentrations: 1, 2.5, 5, 10, 25, 

30, 40, 50, 60, 75 and 100 µM or treated with Dabrafenib in the following 

concentrations: 0.1, 0.5, 1, 2.5, 5, 7.5, 10, 25, 50, 75 and 100 µM. As for 

Sulforhodamine B Assay all cell lines were treated with Mdivi-1 in the following 

concentrations: 12.5, 25 and 50 µM or with Dabrafenib in the following 

concentrations: 2.5,10 and 15 µM. Finally, for Sulforhodamine Assay cells were 

treated, for combined treatment, with Mdivi-1 25 µM plus Dabrafenib 2.5 µM and 

Mdivi-1 25 µM plus Dabrafenib 10 µM. Cells were incubated for 48 and 72 hours, 

in the culture conditions already referred. 

3.3.1 Cell Viability Presto Blue Assay 

Mdivi-1 and Dabrafenib treatments effects were firstly evaluated by cell 

viability Presto Blue assay. After the treatment period, media were removed, and 

cells were washed twice with 100 µL of media without supplementation (without 

FBS and penicillin-streptomycin). Posteriorly, 50 µL/well of medium with 10% of 

PrestoBlue® (PB) Reagent (A13261, Invitrogen, Thermo Fisher Scientific, Darmstadt, 

Germany) were added and incubated for 45 minutes. PB reagent allows the 

quantitative measure of cell viability through metabolically active cells power to 
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reduce resazurin. The fluorescence resulting from this reaction was measured by a 

robotic-compatible microplate reader (Synergy HT Multi-Mode Microplate Reader, 

Biotek Instruments Inc., Winooski, Vermont, USA) at 560 nm, for excitation 

wavelength, and 590 nm, for emission wavelength. Three experiments, with four 

replicates each, were performed to each cell line and condition. Wells without 

plated cells, containing only medium were used as background fluorescence 

control. Cell viability was analysed using GraphPadPrism 6.0 (GraphPad Software, 

Inc., La Jolia, California, USA). 

3.3.2 Cell Viability Sulforhodamine B Assay 

Sulforhodamine B (SRB) is an anionic aminoxanthrene dye that stoichiometric 

binds to proteins under mild acidic conditions, this method does not depend on 

cells metabolic activity.  

For this assay, after treatment cells were fixed by adding 50 µL/well of 50% 

trichloroacetic acid (C2HCl3O2) followed by incubation at 4
o

C, for an hour. After, 

wells were rinsed with slow-running tap water and allowed to dry at room 

temperature. Cells were stained with 150 µL/well of 0.1% SRB in 1% acetic acid 

(S9012, Sigma-Aldrich, St. Louis, Missouri, USA) and incubated at room temperature 

for 30 minutes, washed 4 times with 1% glacial acetic acid to remove unbound dye 

and allowed to dry. Then, 150 µL/well of Tris-base buffer (10 mM, pH 10.5) was 

used to release SRB from fixed cells, the plate was incubated in a plate shaker for 

30 minutes. 

The absorbance resultant from this binding was read by a robotic-

compatible microplate reader (Synergy HT Multi-Mode Microplate Reader, Biotek 

Instruments Inc., Winooski, Vermont, USA) at 560 nm. One experiment, with three 

replicates, was conducted to each cell line and condition. Wells without plated cells, 

containing only medium were used as background fluorescence controls. Cell 

viability was analysed using GraphPadPrism 6.0 (GraphPad Software, Inc., La Jolia, 

California, USA). 

3.4 Growth Curves 

For cellular growth curves, cells were plated in 6-well plates with a density 

of 1×10
5

, 1.5×10
5

 and 2×10
5

 cells/well for TPC1, 8505C and XTC-1, and C643, 

respectively. Cells were treated through the conditions described in Table 2, after 

24 hours. The conditions included treatments with each drug alone and their 

combination during 48 and 72 hours. At the end of each timepoint, cells were 
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collected and diluted - by a dilution factor of 200 - in Isoton II diluent (Beckman 

Coulter, Brea, California, USA). The number of cells in each condition was 

determined in the Z2 Coulter Particle Count and Syze Analyzer (Beckman Coulter, 

Brea, California, USA). Three experiments were performed for each cell line and 

condition. The growth curves were determined using GraphPadPrism 6.0 (GraphPad 

Software, Inc., La Jolia, California, USA). 

3.5 Apoptosis and Cell Cycle 

After tripsinization, cells were plated in 6-well plates with a density of 1×10
5

, 

1.5×10
5

 and 2×10
5

 cells/well for TPC1, 8505C and XTC-1, and C643, respectively. 

The cell treatments included those designated in Table 2, initiated 24 hours after 

cell seeding. The conditions comprised treatments with each drug and both drugs 

combined during 48 and 72 hours.  

3.5.1 Apoptosis 

For apoptosis analysis, the harvested cells were incubated, in the dark, with 

2.5 % of annexin V (31490013x2, Immunotools,Friesoythe, Germany), for 10 

minutes, and 50 µg/mL of propidium iodine (PI) (P4864, Sigma-Aldrich, St. Louis, 

Missouri, USA), for additional 5 minutes. Annexin V binds to the phosphatidylserine 

expressed on the plasma membrane of apoptotic cells, whereas PI is a dye that only 

penetrates the unviable membrane of necrotic cells. Cells were analysed by flow 

cytometry in the BD Accuri C6 flow cytometer (BD Biosciences, Franklin Lakes, New 

Jersey, USA), counting 20 000 events for each sample. The cells autofluorescence 

was also measured. Three experiments were performed for each cell line and 

condition. Data was obtained and analysed using the BD Accuri C6 Software (BD 

Biosciences, Franklin Lakes, New Jersey, USA). 

3.5.2 Cell Cycle 

For cell cycle analysis, the harvested cells were fixed and incubated 

overnight with ice-cold 70% ethanol. Fixed cells were resuspended in 200 µL of 

DNA staining solution comprising phosphate buffered saline (PBS) (containing 0.01 

M Na2HPO4, 0.0018 M KH2PO4, 0.1370 M NaCl, 0.0027KCl, pH 7.4) 1×, 100 µg/mL 

of RNase A (Thermo Fisher Scientific, Darmstadt, Germany) and 5 µg/mL of PI. Cell 

staining was measured by the flow cytometer, counting 20 000 events per sample. 

Three experiments were conducted to each cell line and condition. Cell cycle results 

were analysed using the FlowJo 7.6.5 Software (Tree Star, Inc., Ashland USA). 
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3.6 Protein Expression 

For protein expression, cells were plated in 6-well plates with a density of 

1×10
5

, 1.5×10
5

 and 2×10
5

 cells/well for TPC1, 8505C and XTC-1, and C643, 

respectively. 24 hours after seeding, cells were incubated in the conditions 

described in Table 2 for 48. At the end of this timepoint,  cells were lysed with a 

reagent-based cell lysis using radioimmunoprecipitation (RIPA) buffer (50 mM Tris 

HCl, 150 mM NaCl, 2 mM EDTA and 1% NP-40, pH 7.5), 1% phosphatase inhibitors 

(P0044, Sigma-Aldrich, Darmstadt, Germany) and 4% protease inhibitors 

(11873580001, Roche Applied Science, Penzberg, Germany). Protein quantification 

for all samples was determined with the Bradford Assay Kit (Bio-Rad, Hercules, 

California, USA). 

30 µg of protein (diluted in destilated water (dH20) if necessary) was mixed 

with loading buffer (LB) (containing 5% β-mercaptoethanol and 5% bromophenol 

blue in Laemmli 4× with Tris-HCl, 8% sodium dodecyl sulfate (SDS) and 40% 

glycerol). Protein samples were denatured at 95
o

C, for 5 minutes and separated by 

molecular masses in a 12% sodium dodecyl sulfate/polyacrylamide gel 

electrophoresis (SDS/PAGE). The separated proteins were transferred to a 

nitrocellulose membrane using iBlot 2 Dry Blotting System (Thermo Fisher 

Scientific, Darmstadt, Germany), according to the producer’s directives, at 20 V for 

1 minute, 23 V for 4 minutes and 25 V for 2 minutes. After, the membranes were 

stained with Ponceau S. reagent (P7170-1L, Sigma-Aldrich, St. Louis, Missouri, USA). 

Membranes were blocked at room temperature, for 1 hour with 5% bovine serum 

albumin (BSA) (12659-500MG, EMD Milipore, Burlington, Massachusetts, USA) or 

5% low-fat dry milk in Tris-buffered saline 1× with 0.1% Tween 20 (P1379, Sigma-

Aldrich, St. Louis, Missouri, USA) (TBS-T 0.1%), accordingly on the dilution of the 

primary antibodies and manufacturer’s instructions. 

Primary antibodies used were anti-DRP1 (1:1000, DLP1 611113, BD 

Biosciences, Franklin Lakes, New Jersey, USA), anti-ERK1/2 (1:1000, P44/42 MAPK 

(ERK1/2), 9102S, Cell Signalling Technology , Danvers, Massachusetts, USA), anti-

phospho-ERK1/2 (1:1000, p-P44/42 MAPK (T20214204), 9101S, Cell Signalling 

Technology, Danvers, Massachusetts, USA). Membranes were incubated with the 

primary antibodies at 4
o

C, overnight. Anti-α-tubulin (1:8000, T6074, Sigma-Aldrich, 

Darmstadt, Germany) was used as loading control. The membranes were incubated 

with anti-tubulin at 4
o

C, for an hour. Peroxidase labelled secondary antibodies were 

used depending on the host animal species in which the primary antibody was 
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produced (1:2 000 GE Healthcare, Munich Germany or Santa Cruz, Heidelberg, 

Germany), all the secondary antibodies were diluted in 5% low-fat milk. The 

incubation period for the secondary antibodies was 1 hour at room temperature. 

Between each incubation, membranes were washed in TBS-T 0.1%. Enhanced 

chemiluminescence (ECL) with a 1:1 mix of Enhanced Luminol Reagent and the 

Oxiding Reagent (PerkinElmer, Whaltham Massachusetts, USA), and X-ray films 

(Amersham Hyperfilm ECL, GE Healthcare, Munich, Germany) were used for protein 

detection. Two protocols with different harshness were applied with the intuit to 

remove the previous primary and secondary antibodies. For the mild stripping, 

membranes remained in a solution composed by 0.2 M glycine, 1% of SDS and 10% 

of Tween 20, with a pH of 2.2. For the harsh stripping the membranes stayed in a 

buffer comprising 20% SDS 10%, 12.5% Tris-HCl 0.5M pH 6.8 and 0.8% β-

mercaptoethanol, in the fume hood, at 50
o

C, for 45 minutes. The quantification of 

protein expression was obtained using the Bio-Rad Quantity One 1-D Analysis 4.6.9 

Software (Bio-Rad, Hercules, California, USA). 

Table 1: List of primary antibodies used for Western Blot 

Primary 

Antibody 

Reference Host Dilutor Dilution 

Incubation 

Period 

Anti-DRP1 

DLP1 611113, BD 

Biosciences 

Mouse BSA 1:1000 Overnight 

Anti-

ERK1/2 

P44/42 MAPK (ERK1/2), 

9102S, Cell Signalling 

Technology 

Rabbit Milk 1:1000 Overnight 

Anti-

phospho-

ERK1/2 

p-P44/42 MAPK 

(T20214204), 9101S, 

Cell Signalling 

Technology 

Rabbit BSA 1:1000 Overnight 

Anti-α-

tubulin 

T6074, Sigma-Aldrich Mouse Milk 1:8000 1 hour 

 

3.7 mRNA Expression 

For RNA expression, cells were plated in 6-well plates with a density of 

1×10
5

, 1.5×10
5

 and 2×10
5

 cells/well for TPC1, XTC-1 and 8505C, and C643, 

respectively. 24 after seeding, cells were incubated in the conditions described in 

Table 2, except for Mdivi-1 25 and 50 µM and of Dabrafenib 15 µM, for 72h. At the 



Mestrado em Oncologia | Mitochondrial Dynamics in Thyroid Cancer:  

Unravelling the Role of DRP1 

 
31 

end, cells were lysed with TripleX tractor reagent (GRiSP Research Solutions, Porto, 

Portugal) and RNA was extracted accordingly to the manufacturer’s instructions. 

Briefly, media was removed and 1 mL of TripleXtractor reagent was added to the 

top of the cells, allowed to lyse cells for 1 minute and collected to an RNAse/DNase 

free tube. After addition of 200 L of chloroform, it was carried out one 

centrifugation at 12,000 x g for 15 minutes. After, the aqueous (upper phase 

containing the RNA) was collected to a new tube and RNA was recovered by 

isopropanol precipitation. RNA concentration was determined using the NanoDrop 

ND-1000 Spectrophometer (Nanodrop Technologies, Inc., DE, USA). 

DNase I (ThermoScientific, USA) was used to eliminate contaminating DNA 

from RNA prior to qRT-PCR. Briefly, 1 mg of total RNA was incubated with 10X 

reaction buffer with MgCl2, 1U of DNase I and water to a final volume of 10 mL for 

30 minutes at 37ºC. Later, 1 mL of 50mM EDTA was added and incubated for 10 

minutes at 65ºC. 

Complementary deoxyribonucleic acid (cDNA) synthesis was performed 

using the previous mixture where DNA was removed. 1 mL of Random Hexamer 

Primers was added and incubated for 5 minutes at 65ºC and immediately chilled 

on ice. Then, 8 μL of the following mixture were added: 4 μL of 5X Reaction Buffer, 

20 U RiboLock RNase Inhibitor, 2 μL of dNTP Mix (10 mM) and 200 U of RevertAid 

Reverse Transcriptase (all from Thermo Scientific, USA). The reaction was incubated 

at 25 ºC for 10 minutes, followed by 42 ºC for 60 minutes and terminated at 70ºC 

for 10 minutes. The reaction was performed on Bio-Rad MyCycleTM thermal cycle 

(BIO RAD, CA, USA). A negative control (-RT; water) was included to later check if 

there was contamination during cDNA synthesis. 

Real-time quantitative polymerase chain reaction (RQ-PCR) was performed to 

evaluate the relative mRNA expression at the different treatment conditions of NIS, 

TSHR and OCT4 using TBP as housekeeping gene. 100 ng of cDNA was amplified 

using 0.5 μL of PrimeTime® qPCR Assays for each gene of interest (IDT, USA), 5 μL 

of TaqMan™ Universal PCR Master Mix (ThermoScientific, USA) and water in a final 

volume of 10 μL. The misture was incubated at 95ºC for 10 minutes once, followed 

by 40 cycles of 95 ºC for 15 seconds and 60 ºC for 1 minute in the QuantStudio 5 

Real-Time PCR System (ThermoScientific, USA). Triplicates were performed for each 

condition. -RT control, as well as a No Template Control (NTC: RT-qPCR control for 

contamination) were performed to check for contamination.  
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3.8 Colony Assay Formation 

For colony assay formation, cells were plated in 6-well plates with a density 

of 50 cells/well and 75 cells/well for TPC1, 8505C and XTC-1, respectively. 24 

hours after seeding, cells were incubated in the conditions described in Table 2 for 

10 days, for TPC1 cell line, and for 14 days, for all other cell lines. After treatment 

cells were fixed by adding 100 % methanol (CH3OH) followed by incubation at -20
o

C, 

for an hour. After, the methanol was removed and wells were allowed to dry at 

room temperature, for at least 3 hours. Cells were stained with 2 mL/well of 0.1% 

SRB in 1% acetic acid (S9012, Sigma-Aldrich, St. Louis, Missouri, USA), at room 

temperature, for 30 minutes, washed 4 times with 1% glacial acetic acid to remove 

unbound dye and allowed to dry. The resulting images were obtained by a Xerox 

Scan, VersaLink C405 (Xerox, Norwalk, Connecticut, USA). 

3.9 Statistical Analysis 

The data obtained were analysed by one-way ANOVA followed by Turkey test 

(to correct for multiple comparisons) in GraphPadPrism 6.0 (GraphPad Software, 

Inc., La Jolia, California, USA). The data are presented as mean ± standard deviation 

(SD). A p-value equal or superior to 0.05 was statistically considered as non-

significant. A p-value between 0.01 and 0.05 was considered statistically 

significant, between 0.005 and 0.01 was considered very significant and between 

0.001 and 0.005 was considered extremely significant. 

Table 2: Treatments applied to thyroid cell lines for Cell Growth, Apoptosis 

and Cell Cycle 

One Drug Treatment 

Mdivi-1 

12.5 µM 

25 µM 

50 µM 

Dabrafenib 

2.5 µM 

10 µM 

15 µM 

Combined Treatment Mdivi-1 & Dabrafenib 

 

Mdivi-1 25 µM + 

Dabrafenib 2.5 µM 

 

Mdivi-1 25 µM + 

Dabrafenib 10 µM 
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Chapter 4: Results 

Mitochondrial division inhibitor-1 is a small cell-permeable molecule derived 

from quinazolinone. Mdivi-1 was firstly described as a molecule binding to an 

allosteric site of DRP1, preventing DRP1 self-assembly into ring-like structures 

around mitochondria (by polymerization blockage) and reducing GTPase activity
142

. 

However, recently, the role of Mdivi-1 as a DRP1 inhibitor was questioned, as 

alternative Mdivi-1, and was hypothesised as a complex I inhibitor
143

. 

Dabrafenib is an ATP competitive inhibitor that inhibits BRAF
V600E

 and is also 

able to inhibit wild type BRAF and Raf1
144

.  

4.1 Thyroid Cell Lines Viability 

4.1.1 Determination of IC50 of Mdivi-1 in Thyroid Cell Lines by 

Cell Viability Presto Blue Assay 

Thyroid cell lines – TPC1, C643, 8505C and XTC-1 – were, firstly, treated 

with increasing concentrations of Mdivi-1 – from 1 µM to 100 µM -, for 48h and 

72h, to evaluate the drug effect on cell viability. In all thyroid cell lines, the cell 

viability decreases in a dose-dependent manner, as the highest doses cause more 

pronounced effects (Figures 4 and 5). However, the cell viability does not seem to 

follow the same trend in a time-dependent manner, since there are only slightly 

differences for the same drug concentration between the 48h and the 72h 

timepoints, for all cell lines except XTC-1.  

For TPC1 cells (Figures 4A) the predicted IC50 was 30.73 µM, after 48h of 

treatment, and 27.13 µM, after 72h of treatment.  

For C643 cells (Figures 4B) the estimated IC50 was 36.82 µM, after 48h of 

treatment, and 33.58 µM, after 72h treatment. 

For 8505C cells (Figures 4C) the predicted IC50 was 26.60 µM, after 48h of 

treatment, and 22.51, after 72h of treatment.  

For XTC-1 cells (Figures 4D) the estimated IC50 was 28.47 µM, after 48h of 

treatment, and 17.71 µM, after 72h of treatment. In XTC-1 cell line, Mdivi-1 induces 

effects in a time-dependent manner, as the same doses causes more pronounced 

effects in the 72h treatment, especially for doses higher than 10 µM.  

For all cell lines, the cell viability decreases with statistically significant 

differences in relation to control – DMSO (Figure 5). 
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Figure 4: Mdivi-1 dose-response curves for cell viability in thyroid cell lines 

Graphic representation, through a scatter plot, of cell viability after treatment with 

increasing concentrations of Mdivi-1 - from 1 µM to 100 µM -, during 48h and 72h, 

determined by cell viability Presto Blue assay, relative to control (CTR) – DMSO. A: TPC1 cell 

line. B: C643 cell line. C: 8505C cell line. D: XTC-1 cell line. Black dots represent the 48h 

treatment and gray dots represent and the 72h treatment. 
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Figure 5: Effects of treatment with Mdivi-1 in thyroid cell lines viability. 

Graphic representation, through a bar chart, of the percentage of  TPC1 (A), C643 (B), 8505C 

(C) and XTC-1 (D) cell viability after treatment with increasing concentrations of Mdivi-1 - 

from 1 µM to 100 µM -, during 48h and 72h, determined by cell viability Presto Blue assay 

relative to control (CTR) – DMSO. Black bars represent the 48h treatment and gray bars 

represent the 72h treatment. The data are presented as mean ± SD. The continuous lines 

represent significant differences in the 48h treatment. The dashed line represents 

significant differences in the 72h treatment. Statistically significant differences were 

considered as * (p ≤ 0.05), ** (p ≤ 0.005), *** (p ≤ 0.0005) and **** (p <0.0001) when 

comparing each concentration with control. 

 

4.1.2 Determination of IC50 of Dabrafenib in Thyroid Cell Lines by 

Cell Viability Presto Blue Assay 

Thyroid cell lines were treated with increasing concentrations of Dabrafenib 

– from 0.1 µM to 100 µM -, for 48h and 72h, to evaluate the drug effect on cell 

viability and to determine the IC50. Cell viability does not decrease in a dose-
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dependent manner, as the increasing doses do not, continuously, cause more 

pronounced effects (Figures 6 and 7), for all cell lines expect TPC1. Cell viability 

does not seem to follow the same trend in a time-dependent manner, since there 

are differences for the same drug concentration between the 48h and the 72h 

timepoint, although these differences are not evident for all cell lines and for all 

doses. 

For TPC1 cells (Figure 6A) the predicted IC50 was 12.96 µM, after 48h of 

treatment, and 8.73 µM, after 72h of treatment. In TPC1 cells, Dabrafenib reduces 

cell viability in a dose-dependent manner, as the highest doses cause more 

pronounced effects. However, the drug does not induce effects in a time-dependent 

manner, since there are only slightly differences for the same drug concentration 

between the 48h and in the 72h treatment. In TPC1 cell line, the cell viability 

decreases with statistically significant differences in relation to control (Figure 7A). 

For C643 cells (Figure 6B) the IC50 could not be estimated, after 48h of 

treatment, since there is no reduction in cell viability below 50% of control for the 

range of concentrations tested. Though the estimated IC50 was 89.17 µM, after 72h 

of treatment. In C643 cells, Dabrafenib induces effects in a time-dependent 

manner, for doses higher than 7.5 µM. In C643 cells, the cell viability decreases 

with statistically significant differences in relation to control (Figure 7B). 

Similarly, for 8505C cells (Figure 6C) the IC50 could not be predicted, after 

48h of treatment, for the range of concentrations tested. Still the predicted IC50 was 

40.65 µM, after 72h of treatment. In 8505C cells, Dabrafenib induces effects in a 

time-dependent manner, only for doses higher than 5 µM. In 8505C cell line, the 

cell viability decreases with statistically significant differences in relation to control 

(Figure 7C). It was not possible to apply the statistical test to 0.5 µM, 48h 

treatment, because the replicates do not follow a normal distribution. 

Finally, for XTC-1 cells (Figure 6D) the IC50 estimated was 64.99 µM, after 

48h of treatment, and as 32.69 µM, after 72h of treatment. In XTC-1 cells, 

Dabrafenib also induces effects in a time-dependent manner, only for doses higher 

than 25 µM. In XTC-1 cells, the cell viability decreases with statistically significant 

differences in relation to control. It was not possible to apply the statistical test to 

2.5 µM, 48h treatment, because the replicates do not follow a normal distribution. 
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Figure 6: Dabrafenib dose-response curves for cell viability in thyroid cell lines. 

Graphic representation, through a scatter plot, of cell viability after treatment with 

increasing concentrations of Dabrafenib - from 0.1 µM to 100 µM -, during 48h and 72h, 

determined by cell viability Presto Blue assay, relative to control (CTR) – DMSO. A: TPC1 cell 

line. B: C643 cell line. C: 8505C cell line. D: XTC-1 cell line. Black dots represent the 48h 

treatment and gray dots represent the 72h treatment. 
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Figure 7: Effects of treatment with Dabrafenib in thyroid cell lines viability. 

Graphic representation, through a bar chart, of the percentage of TPC1 (A), C643 (B), 8505C 

(C) and XTC-1 (D) cells viability after treatment with increasing concentrations of Dabrafenib 

- from 0.1 µM to 100 µM -, during 48h and 72h, determined by cell viability Presto Blue 

assay, relative to control (CTR) – DMSO. Black bars represent the 48h treatment and gray 

bars represent the 72h treatment. The data are presented as mean ± SD. The continuous 

lines represent significant differences in the 48h treatment. The dashed line represents 

significant differences in the 72h treatment. Statistically significant differences were 

considered as * (p ≤ 0.05), ** (p ≤ 0.005), *** (p ≤ 0.0005) and **** (p <0.0001) when 

comparing each concentration with control. 

For the following experiments, in concordance with Presto Blue cell viability 

assay results and with the determined IC50 values, the concentrations applied were 

those indicated in Table 2. 

4.1.3 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines on 

Cell Viability by Suforhodamine B Assay 

Cells were treated with Mdivi-1 – 12.5 µM, 25 µM and 50 µM -, with 

Dabrafenib – 2.5 µM, 10 µM and 15 µM – and with combination of Mdivi-1 and 
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Dabrafenib – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM plus 

Dabrafenib 10 µM -,  during 48h and 72h. Drug effect on cell viability was also 

evaluated by Sulforhodamine B assay, to evaluate possible differences between 

these results and those obtained by Presto Blue assay. In all thyroid cell lines, the 

cell viability decreases in relation to control after one drug and combined treatment 

(Figure 8). For Mdivi-1 treatment, the cell viability decreases in a dose-dependent 

manner, as the highest doses cause more pronounced effects. However, for 

Dabrafenib treatment the cell viability does not decrease in a dose-dependent 

manner, as the highest doses do not cause more pronounced effects. In two cell 

lines – 8505C and XTC-1 – the cell viability is lower after treatment with Dabrafenib 

2.5 µM when compared to treatment with Dabrafenib 10 µM and 15 µM (Figures 

8C and 8D). The combined treatment seems to be more effective in decreasing cell 

viability for all cell lines, except for XTC-1 cell line (Figure 8C). In XTC-1 cell line 

the combined treatment produces less effects than Mdivi-1alone and Dabrafenib 

alone treatment. Moreover, the two-drug treatment seems to be more effective with 

the lowest dose of Dabrafenib – 2.5 µM. In addition, the cell viability seems to 

decrease in a time-dependent manner, since there are differences between the 

same drug concentration in the 48h and in the 72h treatment, although these 

differences are not evident for all cell lines and for the lowest doses. 
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Figure 8: Comparison of effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and 

Dabrafenib combinations in thyroid cell lines viability. 

Graphic representation, through a bar chart, of the percentage of TPC1 (A), C643 (B), 8505C 

(C) and XTC-1 (D) cells emitting fluorescence after treatment with Mdivi-1 (represented as 

M) – 12.5 µM, 25 µM and 50 µM -, with Dabrafenib (represented as D) – 2.5 µM, 10 µM and 

15 µM – and with Mdivi-1 and Dabrafenib combinations – Mdivi-1 25 µM plus Dabrafenib 

2.5 µM and Mdivi-1 25 µM plus Dabrafenib 10 µM -, during 48h and 72h, determined by 

cell viability Sulforhodamine B assay, regarding to the cell fluorescence in the control (CTR) 

– DMSO added to cell culture medium. The 48h treatment is represented in black bars and 

the 72h treatment is represented in gray bars. 

4.2 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines 

Growth 

Cancer cells growth is one of the most relevant features of the disease and 

relies on distinct pathways. To determine the influence of DRP1 and of MAPK 

pathway in cells growth, thyroid cell lines were treated with Mdivi-1, with 

Dabrafenib and with drug combinations, during 48h and 72h, and then counted. 

In TPC1, C643 and 8505C cell lines, the number of cells reduces in relation to 
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control after treatment with DRP1 inhibitor and with BRAF inhibitor, alone and in 

combination (Figures 9A, 9B and 9C). In XTC-1 cell line, the treatments do not 

produce the same effect (Figure 9D). Also, the number of cells reduces in a dose-

dependent manner after treatment with Mdivi-1, but not after treatment with 

Dabrafenib. The combined treatment is more effective for cell growth with the 

highest dose of Dabrafenib, however is not more effective than the one drug 

treatment. A longer period exposure to the drugs – 72h treatment -, does not seem 

to produce more effects on cell growth. 

In TPC1 cell line (Figure 9A), the cell growth reduces with statistically 

significant differences in relation to control for Mdivi-1, Dabrafenib, and combined 

treatment and between treatments. It was not possible to apply the statistical test 

to Dabrafenib 15 µM, 72h treatment, because the replicates do not follow a normal 

distribution. 

In C643 and 8505C cell line (Figures 9B and 9C), the cell growth reduces 

with statistically significant differences in relation to control for Mdivi-1, 

Dabrafenib, and combined treatment and between treatments. Also, the cell growth 

reduces with significant differences between treatments. 

Lastly, in XTC-1 cell line (Figure 9D), the cell growth does not reduce with 

any statistically significant differences. 
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Figure 9: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in thyroid cell lines growth. 

Graphic representation, through a bar chart, of the percentage of TPC1 (A), C643 (B), 8505C 

(C) and XTC-1 (D) cells counted after treatment with Mdivi-1 (represented as M) – 12.5 µM, 

25 µM and 50 µM -, with Dabrafenib (represented as D) – 2.5 µM, 10 µM and 15 µM – and 

with Mdivi-1 and Dabrafenib combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and 

Mdivi-1 25 µM plus Dabrafenib 10 µM -,  during 48h and 72h, relative to the cell number in 

the control (CTR) – DMSO. Black bars represent the 48h treatment and gray bars represent 

the 72h treatment. The data are presented as mean ± SD. The continuous lines represent 

significant differences in the 48h treatment. The dashed line represents significant 

differences in the 72h treatment. Statistically significant differences were considered as * 

(p ≤ 0.05), ** (p ≤ 0.005), *** (p ≤ 0.0005) and **** (p <0.0001) when comparing each 

concentration with control. 
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4.3 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines 

Apoptosis and Cell Cycle 

4.3.1 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines 

Apoptosis 

In cancer, apoptosis inhibition is frequently associated with tumour 

initiation, progression and invasion. The effects of Mdivi-1 and Dabrafenib alone 

and in combination in inducing cells apoptosis were evaluated 48h and 72h after 

treatment, by flow cytometry after Annexin V and PI staining. In all thyroid cell 

lines, the percentage of apoptotic cells increases relative to control after treatment 

with Mdivi-1 and Dabrafenib (Figure 10), except C643 cell line after treatment with 

Dabrafenib. Mdivi-1 increases apoptosis in a dose-dependent manner, especially 

after treatment with the highest dose (50 µM). However, Dabrafenib increases cell 

programmed death only slightly, also depending on doses. The drug combination 

seems to be slightly more effective in inducing cell death. Furthermore, the cell 

survival seems to decrease in a time-dependent manner, since there are differences 

between the same drug concentration in the 48h and in the 72h treatment. These 

effects are not clear for XTC-1 cell line. In XTC-1 cells, only Dabrafenib produces 

some effect at is lower dose and only 72h after treatment (Figure 10D). There were 

no found statistically significant differences. 
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Figure 10: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in thyroid cell lines apoptosis. 

Graphic representation, through a bar chart, of the percentage of TPC1 (A), C643 (B), 8505C 

(C) and XTC-1 (D) apoptotic cells after treatment with Mdivi-1 (represented as M) – 12.5 µM, 

25 µM and 50 µM -, with Dabrafenib (represented as D) – 2.5 µM, 10 µM and 15 µM – and 

with Mdivi-1 and Dabrafenib combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and 

Mdivi-1 25 µM plus Dabrafenib 10 µM,  during 48h and 72h, determined by Annexin V/PI 

staining and analysis by  flow cytometry. The data are presented as mean ± SD. The 

continuous lines represent significant differences in the 48h treatment. The dashed line 

represents significant differences in the 72h treatment. Statistically significant differences 

were considered as * (p ≤ 0.05), ** (p ≤ 0.005), *** (p ≤ 0.0005) and **** (p <0.0001) when 

comparing each concentration with control. 

4.3.2 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines Cell 

Cycle 

Cancer progression and invasion rely on cell division. The effects of Mdivi-1 

and Dabrafenib alone and in combination on cell cycle were evaluated 48h and 72h 

after treatment, by flow cytometry with DNA PI staining. In all thyroid cell lines, the 
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percentage of cells in G1, S phase or G2 is altered regarding to control after 

treatment with Mdivi-1 and Dabrafenib (Figures 11 and 12). Mdivi-1 slightly 

increases the number of cells in G1 and decreases the number of cells in S phase. 

Dabrafenib induces the same effect in a greater extent. also decreasing the number 

of cells in G2, especially for higher doses. The BRAF inhibitor seems to lose some 

effect 72h after treatment. Mdivi-1 and Dabrafenib combination does not seem to 

induce cumulative effects in cell division. Furthermore, the cell viability does not 

seem to decrease in a time-dependent manner, since there are only slightly 

differences between the same drug concentration in the 48h and in the 72h 

treatment. Cell cycle is altered with statistically significant differences. It was not 

possible to apply the statistical test to TPC1 and C643 cell lines because only two 

and one replicate, respectively, could be analysed by FlowJo 7.6.5 Software. Also, 

for Mdivi-1 50 µM the cells were to damage to perform analysis trough FlowJo 7.6.5 

Software (Figure 26, Supplementary Data). 

 

Figure 11: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in thyroid cell lines cell cycle (48h treatment). 

Graphic representation, through a bar chart, of the percentage cells in G1 (A), S phase (B) 

or G2 (C) after treatment with Mdivi-1 (represented as M) – 12.5 µM, 25 µM and 50 µM -, 
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with Dabrafenib (represented as D) – 2.5 µM, 10 µM and 15 µM – and with Mdivi-1 and 

Dabrafenib combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM plus 

Dabrafenib 10 µM -,  during 48h. Cell cycle was determined by DNA PI staining and analysis 

by  flow cytometry. Black, dark gray, middle gray and light gray represent TPC1, C643, 

8505C and XTC-1 cell lines, respectively. The data are presented as mean ± SD. The 

continuous lines represent significant differences in 8505C cell line. Statistically significant 

differences were considered as * (p ≤ 0.05), ** (p ≤ 0.005), *** (p ≤ 0.0005) and **** (p 

<0.0001) when comparing each concentration with control. 

 

Figure 12: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in thyroid cell lines cell cycle (72h treatment). 

Graphic representation, through a bar chart, of the percentage cells in G1 (A), S phase (B) 

or G2 (C) after treatment with Mdivi-1 (represented as M) – 12.5 µM, 25 µM and 50 µM -, 

with Dabrafenib (represented as D) – 2.5 µM, 10 µM and 15 µM – and with Mdivi-1 and 

Dabrafenib combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM plus 

Dabrafenib 10 µM -,  during 48h. Cell cycle was determined by DNA PI staining and analysis 

by  flow cytometry. Black, dark gray, middle gray and light gray represent TPC1, C643, 

8505C and XTC-1 cell lines, respectively. The data are presented as mean ± SD. The 

continuous lines represent significant differences in 8505C cell line. The dashed line 

represents significant differences in XTC-1 cell line. Statistically significant differences were 
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considered as * (p ≤ 0.05), ** (p ≤ 0.005), *** (p ≤ 0.0005) and **** (p <0.0001) when 

comparing each concentration with control. 

4.4 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines DRP1 

and MAPK Pathway Proteins Expression 

DRP1 is the regulator protein of mitochondrial fission and BRAF, along with 

all its key functions, seems to influence DRP1 activity. To evaluate the efficacy of 

treatments with Mdivi-1 25 µM, Dabrafenib 2.5 and 10 µM, Mdivi-1 25 µM plus 

Dabrafenib 2.5, and Mdivi-1 plus Dabrafenib 10 µMs the expression of DRP1, of 

ERK – a downstream regulator of BRAF - and of its phosphorylated form were 

accessed, 48h after treatment 

In TPC1 cell line (Figures 13 and 14), Mdivi-1 reduces the expression of the 

total form of DRP1, as well as the phosphorylated form of ERK. Still, the drug does 

not inhibit the expression of the total form of ERK. Dabrafenib treatment produces 

similar effects. On its turn, the drug combination seems more powerful reducing 

DRP1 expression, increases of phosphorylated form of ERK and decreases the 

expression of the total ERK. 

In C643 cell line (Figures 15 and 16), both Mdivi-1 and Dabrafenib do not 

seem to produce major effects on proteins expression. Dabrafenib 10 µM slightly 

decreases the total form of DRP1 and the phosphorylated and the total forms of 

ERK. On its turn, the drug combination decreases the expression of the total forms 

of both DRP1 and ERK and increases the expression of phospho-ERK. 

In 8505C cell line (Figures 17 and 18), Mdivi-1 and Dabrafenib inhibit the 

total form of DRP1 and the phosphorylated form of ERK and increase the total form 

of ERK. Here, Dabrafenib is more effective in reducing proteins expression. On its 

turn, the drug combination treatment does not seem to produce different effects 

on protein inhibition. 

Finally, in XTC-1 cell line (Figures 19 and 20) Mdivi-1 increases the protein 

expression levels, whereas Dabrafenib decreases it. Again, the drug combination 

treatment does not seem to produce a bigger effect on protein inhibition. 
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Figure 13: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in TPC1 cell line protein expression. 

Western Blot analysis for protein expression of DRP1, phospho-ERK and ERK relative to 

loading control tubulin in TPC1 cell line after 48h treatment. For pERK and the respective 

tubulin, the molecular weight marker (MW) places in the 1
st

 position. For DRP1, ERK and the 

respective tubulin, the molecular weight marker places in the 2
nd

 position. 

 

 

Figure 14: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in TPC1 cell line DRP1 and MAPK pathway proteins. 



Mestrado em Oncologia | Mitochondrial Dynamics in Thyroid Cancer:  

Unravelling the Role of DRP1 

 
49 

Graphic representation, through a bar chart, of the protein expression DRP1(A), 

phosphorylated ERK as counting part of ERK expression (B) and ERK (C) in TPC1 cells after 

treatment with Mdivi-1 (represented as M), – 12.5 µM, 25 µM and 50 µM - with Dabrafenib 

(represented as D) – 2.5 µM, 10 µM and 15 µM – and with Mdivi-1 and Dabrafenib 

combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM plus Dabrafenib 

10 µM -,  during 48h, determined by Western Blot analysis. The control is represented in 

black bars, the Mdivi-1 treatments are represented in dark gray bars, the Dabrafenib 

treatments are represented in middle gray bars and the combination treatments are 

represented in light gray bars. 

 

Figure 15: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in C643 cell line protein expression. 

Western Blot analysis for protein expression of DRP1, phospho-ERK and ERK relative to 

loading control tubulin in C643 cell line after 48h treatment. For pERK and the respective 

tubulin, the molecular weight marker (MW) places in the 1
st

 position. For DRP1, ERK and the 

respective tubulin, the molecular weight marker places in the 2
nd

 position. 
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Figure 16: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in C643 cell line protein expression. 

Graphic representation, through a bar chart, of the protein expression DRP1(A), 

phosphorylated ERK as counting part of ERK expression (B) and ERK (C) in C643 cells after 

treatment with Mdivi-1 (represented as M), – 12.5 µM, 25 µM and 50 µM -with Dabrafenib 

(represented as D) – 2.5 µM, 10 µM and 15 µM – and with Mdivi-1 and Dabrafenib 

combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM plus Dabrafenib 

10 µM -,  during 48h, determined by Western Blot analysis. The control is represented in 

black bars, the Mdivi-1 treatments are represented in dark gray bars, the Dabrafenib 

treatments are represented in middle gray bars and the combination treatments are 

represented in light gray bars. 
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Figure 17: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in 8505C cell line protein expression. 

Western Blot analysis for protein expression of DRP1, phospho-ERK and ERK relative to 

loading control tubulin in 8505C cell line after 48h treatment. For pERK and the respective 

tubulin, the molecular weight marker (MW) places in the 3
rd

 position. For DRP1, ERK and the 

respective tubulin, the molecular weight marker places in the 4
th

 position. 

 

 

Figure 18: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in 8505C cell line protein expression. 

Graphic representation, through a bar chart, of the protein expression DRP1(A), 

phosphorylated ERK as counting part of ERK expression (B) and ERK (C) in 8505C cells after 
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treatment with Mdivi-1 (represented as M), – 12.5 µM, 25 µM and 50 µM - with Dabrafenib 

(represented as D) – 2.5 µM, 10 µM and 15 µM – and with Mdivi-1 and Dabrafenib 

combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM plus Dabrafenib 

10 µM -,  during 48h, determined by Western Blot analysis. The control is represented in 

black bars, the Mdivi-1 treatments are represented in dark gray bars, the Dabrafenib 

treatments are represented in middle gray bars and the combination treatments are 

represented in light gray bars. 

 

Figure 19: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in XTC-1 cell line protein expression. 

Western Blot analysis for protein expression of DRP1, phospho-ERK and ERK relative to 

loading control tubulin in XTC-1 cell line after 48h treatment. For pERK and the respective 

tubulin, the molecular weight marker (MW) places in the 3
rd

 position. For DRP1, ERK and the 

respective tubulin, the molecular weight marker places in the 4
th

 position. 
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Figure 20: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in XTC-1 cell line protein expression. 

Graphic representation, through a bar chart, of the protein expression of DRP1(A), 

phosphorylated ERK as counting part of ERK expression (B) and ERK (C) in XTC-1 cells after 

treatment with Mdivi-1 (represented as M), – 12.5 µM, 25 µM and 50 µM - with Dabrafenib 

(represented as D) – 2.5 µM, 10 µM and 15 µM – and with Mdivi-1 and Dabrafenib 

combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM plus Dabrafenib 

10 µM -,  during 48h, determined by Western Blot analysis. The control is represented in 

black bars, the Mdivi-1 treatments are represented in dark gray bars, the Dabrafenib 

treatments are represented in middle gray bars and the combination treatments are 

represented in light gray bars. 

4.5 Effects of Mdivi-1 and Dabrafenib on Octamer-Binding 

Transcription Factor 4 (OCT4), Thyroid Stimulating Hormone Receptor 

(TSHR) and Sodium Iodide Symporter (NIS) mRNA Expression 

 To understand the DRP1 involvement in other cancer cell mechanisms and 

to evaluate the impact of a possible therapy with Mdivi-1 and Dabrafenib the  OCT4, 

TSHR and NIS mRNA expression levels after treatment with  Mdivi-125 µM, 

Dabrafenib 2.5 and 10 µM, Mdivi-1 25 µM plus Dabrafenib 2.5, and Mdivi-1 plus 

Dabrafenib 10 µM were accessed by RQ-PCR, after 72h treatment. Octamer-binding 

transcription factor 4 (OCT4) is a stem cell marker, related with cells self-renewal 

capacity, this transcription factor is expressed in thyroid tumours
145

. Moreover, 

thyroid stimulating hormone receptor (TSHR) and sodium iodide symporter (NIS) 

demonstrated relevance on radioiodine based treatment
146

. 
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In all cell lines the mRNA levels of OCT4 was altered (Figure 13). Mdivi-1 

seems to increase the expression levels of OCT4 in C643 and XTC-1 cell lines 

(Figures 21B and 21D) and to decrease the levels in 8505C (Figure 21C). For 

technical reasons, was not possible to access Mdivi-1 effects on TPC1 cell line. On 

its turn, Dabrafenib decreases the mRNA expression levels in all cell lines (Figure 

21). The combination therapy (Mdivi-1 25 µM plus Dabrafenib 2.5 µM) decreases 

the OCT4 mRNA expression in TPC1 and 8505C cells (Figures 21A and 21C) and 

increases the mRNA expression in C643 and XTC-1 cells (Figures 21B and 21D). 

 

Figure 21: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in Thyroid Cell Lines OCT4 mRNA expression. 

Graphic representation, through a bar chart, of OCT4 mRNA level in TPC1 (A), C643 (B), 

8505C (C) and XTC-1 (D) cells after treatment with Mdivi-1 (represented as M) – 25 µM -, 

with Dabrafenib (represented as D) – 2.5 µM and 10 µM– and with Mdivi-1 and Dabrafenib 
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combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM plus Dabrafenib 

10 µM -,  during 72h, determined by qPCR analysis. A: TPC1 cell line, was not possible to 

obtain the values for M25. The control is represented in black bars, the Mdivi-1 treatment 

is represented in dark gray bars, the Dabrafenib treatments are represented in middle gray 

bars and the combination treatments are represented in light gray bars. The data are 

presented as mean ± SD. 

 Thyroid stimulating hormone receptor (TSHR) and sodium iodide symporter 

(NIS) mRNA levels were accessed in all cell lines. However, XTC-1 cell line is the only 

cell line that preserves these thyroid related genes expression
141

. Therefore, TSHR 

and NIS mRNA expression levels were only obtained for XTC-1 cell line. 

In XTC-1 cells, Mdivi-1 and Dabrafenib decrease the thyroid stimulating 

hormone receptor (TSHR) mRNA expression (Figure 22). Also, the drug 

combination seems to produce a more accentuated reduction in the expression. 
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Figure 22: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in XTC-1 cell lines TSHR mRNA expression. 

Graphic representation, through a bar chart, of TSHR mRNA level in XTC-1 cells after 

treatment with Mdivi-1 (represented as M) – 25 µM -, with Dabrafenib (represented as D) – 

2.5 µM and 10 µM – and with Mdivi-1 and Dabrafenib combinations – Mdivi-1 25 µM plus 

Dabrafenib 2.5 µM and Mdivi-1 25 µM plus Dabrafenib 10 µM -, during 72h, determined by 

qPCR analysis. The control is represented in black bars, the Mdivi-1 treatment is 

represented in dark gray bars, the Dabrafenib treatments are represented in middle gray 
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bars and the combination treatments are represented in light gray bars. The data are 

presented as mean ± SD. 

 

Moreover, in XTC-1 cells the NIS expression was decreased for all treatments except 

those that included Dabrafenib 10 µM. In those treatments, the expression of this 

transporter was increased (Figure 23). 
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Figure 23: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in XTC-1 cell lines in NIS mRNA expression.  

Graphic representation, through a bar chart, of NIS mRNA level in XTC-1 cells after 

treatment with Mdivi-1 (represented as M) – 25 µM -, with Dabrafenib (represented as D) – 

2.5 µM and 10 µM – and with Mdivi-1 and Dabrafenib combinations – Mdivi-1 25 µM plus 

Dabrafenib 2.5 µM and Mdivi-1 25 µM plus Dabrafenib 10 µM -,  during 48h, determined 

by qPCR analysis. The control (DMSO) is represented in black bars, the Mdivi-1 treatment 

is represented in dark gray bars, the Dabrafenib treatments are represented in middle 

gray bars and the combination treatments are represented in light gray bars. The data are 

presented as mean ± SD. 

4.6 Effects of Treatment with Mdivi-1 and Dabrafenib in Thyroid 

Cell Lines Colony Formation 

 The invasion and progression of cancer cells are difficult to understand and 

to control in the disease evolution. Colony formation assay or cologenic assay is an 

in vitro cell survival assay based on the ability of a single cell to grow into a colony. 
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In all cell lines, Mdivi-1 diminishes the colonic potential of cells, this effect is 

accentuated after drug combination treatments (Figure 24). Dabrafenib does not 

seem to have effect in reducing the colonic potential, except in XTC-1 cell line 

(Figure 24D). 8505C require replicates performance, since cells did not formed 

colonies even in the control sample, probably the cells did not adhere to the wells. 

 

 

 

  

Figure 24: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in thyroid cell lines colony formation. 

TPC1 (A), C643 (B), 8505C (C) and XTC-1 (D) cells after treatment with Mdivi-1 (represented 

as M) – 25 µM -, with Dabrafenib (represented as D) – 2.5 µM and 10 µM – and with Mdivi-

1 and Dabrafenib combinations – Mdivi-1 25 µM plus Dabrafenib 2.5 µM and Mdivi-1 25 µM 
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plus Dabrafenib 10 µM -, during 10 days for TPC1 cell line, and 14, for all other cell lines, 

in colony assay formation. 
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Chapter 5: Discussion 

 Proteins enrolled in mechanisms related   with mitochondrial dynamics 

regulation lead to mitochondria size and quantity adaptation to fulfil cell energetic 

requirements and facilitate cell division processes. In the last years, mitochondrial 

dynamics, particularly mitochondrial fission, have been related to cancer initiation 

and progression
94

, however, the role of mitochondrial dynamics proteins in cancer 

is not yet entirely understood. 

DRP1 is overexpressed in several forms of human tumour. Actually, it was 

demonstrated that in lung and colon cancer models, the inhibition of this fission-

related protein reduces the tumour growth potential 
123,147

.  Moreover, DRP1 

inhibition reduced the cancer cell progression in melanoma
148

 and the development 

of metastases in breast cancer
118

. Here, we discuss the potential involvement of 

DRP1 in thyroid cancer tumorigenesis, also accounting for the role of MAPK 

pathway, that was previously referred as leading to increased mitochondrial 

fragmentation
121

. 

In this work, and in an attempt to prove our hypothesis, we used 2 drugs – 

Mdivi-1 and Dabrafenib, the drug concentrations used were in accordance to 

literature reports. Mdivi-1 has been firstly tested in concentrations between 10 and 

100 µM
142

 demonstrating great efficacy, further studies focused their studies on 

12.5, 25 and 50 µM - Mdivi-1 50 µM is the most reported concentration in the 

literature- 
149–151

, concentrations that we also found relevant in cell viability assays. 

On the other side, Dabrafenib has been tested in various concentrations ranging 

from 3 to 10 µM or from 10 to 100 µM
152,153

, as a consequence of literature 

incoherence, a great range of concentrations was tested on cell viability to uncover 

those more pertinent for the project purpose. After the Presto Blue cell viability 

assay, only three concentrations of each drug were selected to perform the 

following experiments. Mdivi-1 decreased cell viability in a dose-dependent 

manner. So the DRP1 inhibitor concentrations were selected as the lowest 

concentration producing effect on cell viability in all cell lines (12.5 µM), the 

concentration that  produced effects in cell viability in all cell lines (25 µM) and the 

concentration producing major effects - and exceeding IC50 - on cell viability in all 

cell lines (50 µM). Once, Dabrafenib did not decrease cell viability in a dose-

dependent manner in all cell lines, the BRAF inhibitor concentrations were selected 

as the concentration reducing cell viability (2.5 µM) in all cell lines, a highest 
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concentration not producing effect on cell viability (10 µM) and the concentration 

reducing, again, the cell viability in all cell lines (15 µM). Moreover, drug 

combination was added to cell treatments to elucidate the relation between both 

proteins/pathways. For Western Blot and RQ-PCR analysis, we selected a smaller 

range of concentrations according to the results obtained in other experiments, to 

fit the purpose of verify the drug effects on molecular targets and not their activity 

depending on doses. 

Presto Blue cell viability assay results demonstrate that cell viability 

decreases after pharmacological inhibition of DRP1. However, different cell lines 

originate different responses. TPC1 cell line, derived from papillary thyroid 

carcinoma, is the most sensitive to DRP1 and BRAF inhibition. C643 and 8505C 

have analogous responses to both drugs. Whereas, XTC-1 cell line, which derives 

from oncocytic metastases, also demonstrates sensitivity to drug activity for cell 

viability. Inversely to what happens with Mdivi-1, Dabrafenib effect seems not to be 

dose dependent. There were found no major differences between both time points, 

highlighting that the drug effects depend more on doses than on exposure time. 

Also, Mdivi-1 reduces more powerfully cell viability than Dabrafenib, since the 

lowest doses cause more pronounced effects. This could probably be due to 

activation of cells mechanisms that could lead to Dabrafenib resistance and ERK 

activation as: stimulation of tyrosine kinase receptors
154,155

, NRAS mutations
156

, 

BRAF, and Raf1 overexpression
157,158

, BRAF dimerization not depending on Ras
159

 and 

activating MEK mutations
160,161

.  

No major differences were found between Presto Blue cell viability assay 

results and SRB cell viability assay results, indicating that although DRP1 is 

inhibited the metabolism of cells may not be altered and may truly rely on glycose 

instead of oxidative phosphorylation. Still, we verify alterations in cell viability, 

indicating that Mdivi-1 may not only affect DRP1 and mitochondria fragmentation 

but may also connect with thyroid tumorigenesis signalling pathways. 

Even so, the cell viability decrease may not entirely correspond to cell 

apoptosis, but instead to a less extent of cell growth and division. Cell growth 

results follow an identical pattern to cell viability results. Again, Mdivi-1 treatment 

produces effects on cell growth indicating a possible relation with proliferation. 

The relation between DRP1 and MAPK signalling pathway is reinforced by the 
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accentuated effects produced by combination treatment compared to the one drug 

treatment effect. The two-drug treatment may have a cumulative or synergistic 

effect on thyroid cancer cell growth.  

Mdivi-1 and Dabrafenib induce cell programmed death, however the 

differences found between control cells and treated cells are not significant and do 

not justify the differences found in cell viability assays. In fact, DRP1 role  in cancer 

cells programmed death is not clear, since its activity has been related with 

apoptosis activation and inhibition reliant on cancer cells features and on apoptotic 

stimuli
32,162–166

. Moreover, BRAF is mostly connected to induction of cell growth, 

division and differentiation
167

.  

In cell cycle, it was observed that in all cell lines there is an increase of the 

number of cells in G1 and a reduction of the number of cells in the S phase and in 

G2, especially after treatment with Dabrafenib. It may lead to cell cycle blockage 

that prevents cell division and tumour expansion. The cell cycle blockage may also 

be due to DRP1 inhibition, since the expression of DRP1 is characteristic of cells in 

G2
168

. It was reported that when  DRP1 is inhibited, cells in division do not produce 

the number of mitochondria required for the energetic needs of new cells
168

. 

TPC1, C643 and XTC-1 cell lines do not show differences in the expression 

of proteins of DRP1 and MAPK pathways, after treatment with Mdivi-1 and 

Dabrafenib alone. Although, the proteins levels are not altered in these cell lines 

the drugs produce effects on their viability, growth and cell cycle, indicating that 

both drugs may play a role in proteins activity or actuate trough unspecific 

mechanisms, as toxicity. All three cell lines were more sensitive to combination 

treatment. Inversely, 8505C cell line was sensitive to Mdivi-1 and Dabrafenib in 

what concerns to protein expression levels. Western Blot results must be 

confirmed, since the experiment was performed only one time and in some cases 

the tubulin is overexposed. 

RQ-PCR results demonstrate that the inhibition of BRAF may reduce the cells 

stemness potential through inhibition of OCT4 mRNA expression in all cell lines. 

Further studies must confirm and explore these results. Moreover, Dabrafenib 

treatment increases the TSHR mRNA expression in XTC-1 cell line. Dabrafenib 

increases NIS mRNA expression in the XTC-1 cell line. XTC-1 cell line is an HCT cell 
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line that, as referred before, commonly is not sensitive to radioiodine therapy. 

Based on our results, HCT patients can benefit of Dabrafenib as a therapeutic 

approach. Further studies must be conducted to validate or exclude this 

hypothesis.  

Dabrafenib (and Selumetinib, another MPAK signalling pathway inhibitor) 

have been described as capable of recover radioactive iodine intake in vivo
169

. NIS 

is accountable for thyroid cells iodine intake
170

, the increased expression of NIS 

after Dabrafenib treatment may explain the referred recovery
169

. In 8505C cell line 

was not possible to access NIS expression, since the NIS mRNA levels were too low. 

However, XTC-1 cell line increased NIS expression after treatment with Dabrafenib 

10 µM. In further experiments, other thyroid cell lines harbouring BRAF
V600E

 

mutation (namely BCPAP, KI and WRO cell lines) must be considered for mRNA NIS 

expression evaluation to access Dabrafenib potential in therapeutics. 

Finally, the colony formation assay suggests that the inhibition of DRP1 

alone and of DRP1 and BRAF together decrease cells colonic potential, since after 

treatment these cells can no longer form colonies. These results came in agreement 

with those obtained for cell growth and for cell cycle. 

Cell lines genotypic and molecular profiles can explain, in part, some of our 

results. TPC1 cell line harbours a RET/PTC1 rearrangement
141

, this rearrangement 

regularly conducts to phosphorylation of numerous residues and consequent 

activation of signalling pathways that promote cancer progression. MAPK signalling 

pathway, one of the most relevant pathways in TC, can be activated through the 

constitutive activity of RET/PTC1. Therefore, TPC1 cell line susceptibility to 

Dabrafenib can be explained by the drug ability to inhibit MAPK signalling through 

BRAF inhibition. Nevertheless, in this cell line ERK phosphorylation does not 

demonstrate major alterations after treatment with Dabrafenib, limiting this 

hypothesis and suggesting that, probably, Dabrafenib can target unidentified 

molecular targets. Also, TPC1 sensitivity to Mdivi-1 can be justified by the crosstalk 

between the MAPK signalling pathway and DRP1. ERK2, a downstream protein of 

BRAF belonging to MAPK signalling pathway has been described as being 

responsible for DRP1 phosphorylation on the Serine 616 residue
135

. To confirm this 

hypothesis a study focusing on DRP1 phosphorylation after Mdivi-1 and Dabrafenib 

treatment must be performed. 
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Moreover, C643 and 8505C present mutations on TP53
141

. As recognized the 

genome guardian arrests cell cycle and induces apoptosis, mutations on this 

tumour suppressor gene do not initiate these processes and even after MAPK 

signalling inhibition cells survive and grow. Also, C643 cell line harbours a 

mutation on HRAS
141

 that might contribute to development of resistance 

mechanisms to Mdivi-1 and Dabrafenib.  

8505C cell line is the only cell line, among the studied cell lines, that 

harbours the BRAF
V600E

, explaining its unique response in protein expression and 

elucidating the selective activity of Dabrafenib. The high levels of ERK, in this 

anaplastic cell line, may be an attempt of cells to recover from MAPK signalling 

inhibition. 

Lastly, the low response of XTC-1 cell line can be explained through the cell 

line origin, this particular cell line was established from a metastases of a Hürthle 

cell tumour, as referred before Hürthle cell tumours are benign tumours that rarely 

metastasize, the original tumour should attain much more aggressiveness features 

than those currently found in clinic. Also, XTC-1 cell line has been described as a 

cell line with low and inefficient metabolism
171

, which can leads to slower 

incorporation of drugs. 

DRP1 function is not only important for mitochondria fragmentation but also 

to thyroid tumorigenesis, especially for processes related to tumour progression, 

as the fission protein inhibition prevents cells growth and division. MAPK signalling 

function is recognized as also promoting cell proliferation, and the direct inhibition 

of BRAF produced similar effects to those obtained with Mdivi-1 treatments, 

suggesting that DRP1 and MAPK signalling pathway, particularly BRAF can be are 

related in thyroid cancer. 

Mdivi-1 and Dabrafenib demonstrated some potential as adjuvant 

therapeutics, to control tumour progression and, in case of Dabrafenib, to 

overcome some conventional therapies issues, as the low radioiodine intake in 

oncocytomas. Actuality, Dabrafenib already showed its potential in various clinical 

trials and in clinics
172,173

. 
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Chapter 6: Conclusion and Future Perspectives 

Together, our results indicate that mitochondrial dynamics, particularly 

mitochondrial fission, control thyroid cancer growth, proliferation and invasion, 

therefore DRP1 is not only relevant for mitochondrial fragmentation. 

Furthermore, DRP1 and MAPK signalling pathway play overlapping roles on 

TC. However, additional studies are required to better understand how DRP1 and 

MAPK signalling pathway activity is regulated in the cancer context. 

Mdivi-1 and Dabrafenib should be considered for thyroid cancer therapy as 

additional therapies, especially oncocytomas, a rare and particular form of disease 

with no personalized treatment. 

To improve of our results the number of experiments must be increased. 

We also aim to address the mitochondrial morphology and the ROS production in 

order to better understand the role of mitochondrial dynamics, particularly 

fission, in thyroid cancer; to consider other cell lines (as the already referred 

BCPAP, KI and WRO cell lines) and more proteins activity (as DRP1
S616

). 
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Chapter 8: Supplementary Data 

8.1 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines on 

Cell Viability by Sulfohordamine B Assay 

 

 

 

 

Figure 25: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in thyroid cell lines viability, SRB assay images. 

TPC1 (A), C643 (B), 8505C (C) and XTC-1 (D) cells after treatment with Mdivi-1 (represented 

as M) – 12.5 µM, 25 µM and 50 µM -, with Dabrafenib (represented as D) – 2.5 µM, 10 µM 

and 15 µM – and with Mdivi-1 and Dabrafenib combinations – Mdivi-1 25 µM plus Dabrafenib 

2.5 µM and Mdivi-1 25 µM plus Dabrafenib 10 µM -, during 48h and 72h, in the 



Mestrado em Oncologia | Mitochondrial Dynamics in Thyroid Cancer:  

Unravelling the Role of DRP1 

 
87 

Sulforhodamine B assay. The resulting images were obtained by a Xerox Scan, Versa Link 

C405 (Xerox, Norwalk, Connecticut, USA). 

8.2 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines Cell 

Cycle 

 

Figure 26: Effects of treatment with Mdivi-1, Dabrafenib and Mdivi-1 and Dabrafenib 

combinations in thyroid cell lines cell cycle (72h treatment). 

Control (CTR) – DMSO example (A), TPC1 (B), C643 (C), 8505C (D) and XTC-1 (E) cell lines 

after treatment with Mdivi-1 50 µM, during 72h. 
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8.3 Effects of Mdivi-1 and Dabrafenib on Thyroid Cell Lines 

Colony Formation 

 

 

 

 

Figure 27: Thyroid cell lines colony assay formation. 

TPC1 (A), C643 (B), 8505C (C) and XTC-1 (D) cells growing with no treatment, during 14 

days in colony assay formation. The resulting images were obtained by a Xerox Scan, Versa 

Link C405 (Xerox, Norwalk, Connecticut, USA). 


