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ABSTRACT 

Melanoma is the deadliest form of skin cancer when discovered in advanced stages. Early 

detection with surgical tumor removal is still the most effective treatment option. Novel treatment 

options such as small molecular inhibitors (e.g. Vemurafenib) and immunotherapy (CTLA-4 and 

PD-1 inhibitors) have prolonged patient survival of individuals with metastatic disease. However, 

drug resistance and subsequent relapse, together with non-responders are still barriers that need to 

be overcome. Understanding the signaling pathways leading to melanoma development and 

progression is important to improve therapeutic options. 

Tumor suppressors are a group of genes whose function when absent may lead to tumor 

formation. The CDKN2A gene encodes two distinct tumor suppressors (p16INK4A and p14ARF) that 

regulates the cell cycle and is involved in vital processes such as aging, cellular senescence, and 

apoptosis. The CDKN2A gene is frequently lost or deregulated in human cancers, especially in 

melanoma, emphasizing the importance of CDKN2A within melanoma development. Another 

high susceptibility gene within melanoma is MITF-M (microphthalmia-associated transcription 

factor). MITF-M is the master regulator of melanocyte development, function and survival. 

Interestingly, MITF-M has been reported to regulate cell-cycle progression through the up-

regulation of genes such as p16INK4A and p21Cip1. In this study, we aimed to investigate the role of 

MITF-M in the regulation of the CDKN2A transcripts p16INK4A/p14ARF in immortalized 

melanocytes and melanoma cell lines spanning different disease stages and genetic backgrounds. 

Further, we investigated the implications of modulating p16INK4A expression in different 

melanoma backgrounds. Our data suggest that depletion of MITF-M results in a minor up-

regulation of both p16INK4A and p14ARF expression in the majority of the cell lines tested. 

However, one exception was found showing a decrease in p16INK4A and p14ARF expression after 

MITF-M depletion. When modulating p16INK4A in various melanoma cell lines by using p16 

mRNA or p16 siRNA molecules we observed no significant change in cell viability or cell growth 

rates compared to negative controls. Together, our results suggest that the regulation of p16INK4A 

and p14ARF expression by MITF-M is cell line specific, and that further studies are required to 

fully elucidate the role of MITF-M upon the regulation of CDKN2A in melanocytes and 

melanoma.  
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1 INTRODUCTION 

 

1.1 Cancer 

Cancer is characterized by abnormal cell proliferation accompanied by multiple 

genetic and genomic alterations as well as tumor formation. This group of diseases 

has the ability to locally invade surrounding tissue and eventually spread to healthy 

and distant organs in a process called metastasis [1]. The complexity of this possesses 

makes this disease immensely hard to treat, and one of the leading causes of human 

deaths in the world. Worldwide, approximately 14.1 million new cases were reported 

in 2012, where the most frequent types of cancer were lung, breast, bowel, and 

prostate cancer [2]. In Norway, the incidence of cancer cases were 32 592 in 2015, 

with a distribution of 53.7% men and 46.3% women [3]. The hallmarks of cancer are 

illustrated in figure 1. 

Figure 1: The Hallmarks of cancer. The figure list ten properties that contribute to malignant 
transformation and the arrows show examples of therapeutic targets employed to counteract them. A 
selection of a few of these properties is enough to initiate tumorigenesis, but commonly all are 
observed at the metastatic stage. The picture is adapted from Hanahan, D. and R. A. Weinberg. 
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An important hallmark of cancer is the capacity of sustained cell proliferation. As a 

consequence, frequently observed alterations in cancer cells involve up-regulation of 

growth signals, overexpression of receptors, or constitutively activating mutations in 

growth promoting pathways. This disarrangement commonly starts with mutations 

and genomic instability, which might be inherited or caused by carcinogen afflictions 

that damage DNA (such as UV-radiation) [1, 4]. There are groups of genes considered 

essential for cancer development, such as oncogenes and tumor suppressors. Proto-

oncogenes encode proteins that promote cell division, and when mutated their 

oncogenic activity contributes to abnormal cell growth. Tumor suppressors oppose the 

effects of oncogenes, as many of them suppress cell division and some have the 

ability to initiate apoptosis (programmed cell death). Tumor suppressors are often 

deleted or mutated in cancer cells, leading to loss of function [5].  

The apoptotic machinery can be initiated by extrinsic (extracellular) and/or 

intrinsic (intracellular) pathways, eventually triggering activation of caspase proteases 

and other effectors that degrade cellular components and dismantle the cell [6]. 

Cancer cells have the ability to impair apoptotic signaling pathways at different 

stages. This includes down-regulation of death receptors, caspase inactivation, up-

regulation of anti-apoptotic proteins and caspase inhibitors [7]. Moreover, cancer cells 

would not be able to grow endlessly without extending the telomeric DNA. Telomeric 

DNA protects chromosome ends, which are shortened after every DNA replication. 

Telomerase is an enzyme that help counteract this process, and in cancer cells an up-

regulation of telomerase can result in replicative immortality [8]. Other traits observed 

in cancer cells; cancer related inflammation, constitutively activated angiogenesis that 

supplies the increased demand for nutrition and oxygen, modification of metabolic 

signaling, and escape from the immune system [9-12]. It is important to recognize that 

benign and malignant tumors share many of the same characteristics. Nevertheless, all 

the previous mentioned features collectively promote development of metastasis, 

leaving the ability to metastasize and invade healthy tissue as the distinct feature of 

cancer cells [13]. Development of cancer is connected to the cell cycle, and it is 

shown that deregulation in interphase (G1, S and G2 phase) promotes human cancers 

[14]. 
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1.1.1 Cell cycle and cancer 

The cell cycle involves a series of arranged events leading to cell division, forming 

two “identical” daughter cells. The highly regulated mitotic cell cycle can be divided 

into four phases as illustrated in figure 2: G1, S, G2, and M phase. The two gap phases 

(G1 and G2) occur between nuclear division M phase and DNA synthesis in S phase. 

During interphase the cell grows and prepares for mitosis in M phase. M phase has 

two major events, mitosis and cytokinesis. During mitosis duplicated chromosomes 

are separated between the two daughter cells, while the cells cytoplasm physically 

divides into two identical cells under cytokinesis [15]. 

 

 

Figure 2: The cell cycle is divided into four phases: G1 (gap 1), S-phase (DNA synthesis), G2 (gap 2) 
and M-phase (mitosis). The binding of cyclins and cyclin-dependent kinases (CDKs) are essential for 
cell progression. The five well characterized types of CDKs: CDK2, CDK4, CDK6, and CDK1 
complexes with four classes of cyclins: A, B, D, and E-type. CDKs and their corresponding cyclins act 
at different stages during the cell cycle as indicated with a gradient. The figure is based on illustrations 
from: V. D. Heuvel S: Cell-cycle regulation. Wormbook (2005), pp. 1151-1807.  

 

The activity of cyclins and cyclin-dependent kinases (CDKs) is necessary for cell 

cycle progression. CDKs are a family of serine/threonine protein kinases that bind to 

corresponding cyclins. This binding activates their kinase activity, a mechanism 

where serine and threonine residues are phosphorylated [15]. This activation is highly 
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regulated and can be inhibited by different modulators such as the INK4-tumor 

suppressor p16INK4A encoded by the CDKN2A gene [16]. Inhibition of the cell cycle 

is required when replicative conditions are not fulfilled. Normal cells regulate the cell 

cycle thoroughly at several checkpoints and there are three significant checkpoints: 

The G1 checkpoint at G1/S transition, G2 checkpoint at G2/M transition, and the 

spindle checkpoint transition from M phase to anaphase. The latter serves to check 

chromosome attachment at the metaphase plate. In the G1 checkpoint, cell size, 

nutrients, growth factors, and DNA damage are factors that are assessed. An example 

of G1 cell cycle arrest is the response from tumor suppressor p53 triggered by DNA 

damage [17]. The p53 gene is a major regulator of apoptosis and can activate cell 

cycle inhibitors (such as the CDK-inhibitor p21) that blocks cell cycle progression 

into S transition, followed by G1 cell-cycle arrest. The function of p53 is stabilized 

and promoted by p14ARF. p53 can also activate DNA repair enzymes that are able to 

fix the damage, and if this fails the tumor suppressor will trigger apoptosis 

(programmed cell death) [18]. This self-destruction mechanism takes place in both G1 

and G2 checkpoints, if the detected errors cannot be repaired. Another example of cell 

cycle control is the increased expression of CDK-inhibitor p16INK4A upon cellular 

stress. p16INK4A can prevent formation of CDK4/6-cyclin D complex halting further 

progression of the cell cycle, and the cells may enter G0 phase (resting state) or a 

senescent state [19, 20]. Senescence is a type of cell cycle arrest, where proliferation 

is paused but the cells are still metabolically active [21]. When the cell is let trough 

the G1 checkpoint it is irreversibly bound for division. In the G2 checkpoint DNA 

damage is assessed again in addition to DNA replication [22]. Depending on the cell 

type, additional factors can affect cell cycle progression. In summary, checkpoints 

provide a dynamic way to check DNA synthesis, chromosome segregation, and 

induce cell cycle arrest if necessary [23].  

When a normal mammalian cell has gone through about 40-70 cell divisions, 

the cell will eventually grow old and die. Cancer cells can avoid this aging, enabling 

them to divide endlessly. In cancer cells, one of the most commonly deregulated 

genes is p53 [24]. Mutations accumulate, as they are inherited by continued cell 

divisions in cells with unrepaired DNA. Other frequently altered genes in cancer 

encode proteins regulating the G1 checkpoint, including amplification of cyclin D1, 
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CDK4, and loss of CDK4/6 inhibitor p16INK4A [25-27]. Together, this underlines the 

importance of the G1 checkpoint in cancer development. Interestingly, mutations of 

p53 are less common in melanoma compared to other cancer types (approximately 

50% in other cancer types versus 10-20% in melanoma) [28, 29].  

1.2 Melanoma  

Melanoma is the most aggressive and lethal type of skin cancer (accounts for ~75% of 

all skin cancer related deaths) [30]. Melanoma originates from pigment producing 

melanocytes undergoing malignant transformation. Melanocytes are located in 

different areas of the body, but are primarily found in the epidermis and more than 

90% of melanomas are cutaneous [31]. The second most affected organ is the eye 

(uveal melanoma) [32]. The focus of this thesis will be on cutaneous melanoma. In 

2012, the incidence of new melanoma cases worldwide was 232 000, an increase of 

57% since 1995 [2, 33].  In Norway, an eight-fold increase has been observed over the 

last 60 years [3, 34]. Table 1 lists registered melanoma cases in Norway (2015) [3].  

 

Table 1: Melanoma statistics in Norway, 2015 
Parameter Total Men Female 
Incidence 2003 1018 983 
Incidence rate in Norway - 41,2 36,5 

Incidence rate in the World - 23 23,3 

5 year survival - 81,60 % 89,40 % 
Prevalence 23393 - - 

Prevalence 10-year 10744 - - 

Mortality 322 178 144 
Table 1 lists registered melanoma cases in Norway (2015) [3]. All statistics are retrieved from the 
Cancer registry of Norway. 
 

Many environmental and genetic risk factors contributing to melanoma development 

are extensively documented; exposure to UV radiation, phenotypic factors 

(pigmentation, freckling and nevi frequency), genetic factors such as germline 

mutations (melanoma family history), alterations in melanoma predisposition genes 

(CDKN2A, CDK4), and somatic mutations. The individuals with highest risk of 
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developing melanoma are the fair-skinned population, which are more susceptible for 

UV radiation [35]. Increased use of sunbeds, ozone layer thinning, and migration of 

Caucasian population around equator are all factors that may explain the increase in 

melanoma incidents. Especially from an early age, the risk increases greatly when 

exposed to UV radiation and frequent sunburns [36]. Evidence based on sequencing 

technologies has suggested UV-like “signature” mutations in melanoma (C>T 

transversions). These findings support the idea that melanoma development is driven 

by multiple genetic and epigenetic alterations, as well as environmental stimuli [29, 

37, 38]. 

The increasing incident rate of melanoma worldwide calls for improved 

diagnostic and therapeutic options. Most patients with advanced stage melanoma have 

a poor survival rate and limited treatment options. Further, the development of 

resistance in already established therapies is adding to the problem [39-45]. 

Conventional chemotherapy (with dacarbazine, cytokines, interleukin-2, and 

interferon-a2b) has a 5-20% response in patients with advanced stage melanoma. 

They are also short-lived and highly toxic with no improvement of overall survival 

[46-49]. Traditional chemotherapy is no longer the first-line therapy choice for 

melanoma, but is still recommended as adjuvant therapy in some cases [50]. Today, 

the most successful treatment depends on early detection and surgical removal of 

primary tumor lesions. Although, novel treatment options such as small molecular 

inhibitors (e.g. vemurafenib) and immunotherapy (CTLA-4 and PD-1 inhibitors) 

show great promise and prolong survival, there are limitations for most melanoma 

patients [51-53]. These novel drug developments together with public awareness have 

increased the five-year overall survival rates for melanoma [54, 55]. A better 

understanding of the signaling pathways and discovery of new biomarkers in 

melanoma has lead to new FDA-approved drugs. These successful drug developments 

have consequently driven melanoma research to focus on combination drug therapy 

(highly targeted therapeutic strategies) with the aim to overcome drug resistance. 

Table 2 shows an overview over a selection of current melanoma drugs and their 

targets. 
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Table 2: Malignant melanoma treatments.  
Drug Inhibitor target Pathway Clinical stage Response Therapy Ref. 

Vemurafenib  
BRAF 
(V600E/K) MAPK FDA  50 % 

Target drug 
therapy [56] 

Dabrafenib  
BRAF 
(V600E/K) MAPK FDA  50-60% 

Target drug 
therapy [57] 

Sorafenib BRAF/c-KIT MAPK Phase 3 5-10% 
Target drug 
therapy [58] 

Sunitinib c-KIT MAPK Phase 2 7-10% 
Target drug 
therapy [59] 

Dasatinib c-KIT MAPK Phase 2 5-13% 
Target drug 
therapy [60] 

Imatinib c-KIT MAPK Phase 2 5-16% 
Target drug 
therapy [61] 

Trametinib  MEK1/2 
RAS-RAF-MEK-
ERK FDA 10 % 

Target drug 
therapy [62] 

Selumetinib  MEK1/2 
RAS-RAF-MEK-
ERK Phase 2 11 % 

Target drug 
therapy [63] 

Rapamycin mTOR PI3/AKT/mTOR Phase 2 - 
Target drug 
therapy [64] 

SCH772984 ERK1, ERK2 
ATP competative 
inhibitor Phase 1 - 

Adjuvent 
therapy [65] 

Nivolumab PD-1 PD-1 receptor FDA  24 % 
Immuno-
therapy 

[66, 
67] 

Ipilimumab CTLA-4  CTLA-4 receptor FDA  10-20% 
Immuno-
therapy 

[52, 
67] 

Interleucin-2 IL-2 receptor  Cytotoxic activity FDA  10-16% 
Immuno-
therapy [68] 

Dacarbazine DNA/Guanine 
Guanine 
methylation FDA  10-15% Chemotherapy  [69] 

Interferon-a2b 
IFNAR-2 
reseptor JAK-STAT FDA  5-20% 

Adjuvent 
therapy [47] 

LY2835219 CDK4/6 
p16-cyclinD-
CDK4/6-RB Preclinical - 

Adjuvent 
therapy 

[70, 
71] 

Dinaciclib CDK4/6 
p16-cyclinD-
CDK4/6-RB Phase 2 - 

Adjuvent 
therapy NCT 

The response rates are gathered from the references provided in the ref-column. The FDA approval is set for 
different stages of melanoma, mainly advanced disease. The NCT: NCT00937937 is an ongoing clinical trial. 
All other abbreviations are listed on page V-VIII. 
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1.2.1 Development of melanoma 

Melanocytes develop during a process called embryogenesis and are produced from 

the neural crest into bi-potential glial-melanocyte progenitors that again develop into 

melanoblasts. The melanoblasts migrate from the neural crest to the epidermis and 

hair follicles [72]. As mature melanocytes, they synthesize and transfer melanin 

pigment to keratinocytes, contributing to skin-protection against UV radiation. They 

also regularly form non-proliferative melanocyte lesions (benign nevus), where they 

are present in a higher concentration. Here, genetic alterations and environmental 

conditions can allow them to escape normal cell cycle control.  

In general, melanoma progression can be divided into five stages, as illustrated 

in figure 3. Normal melanocytes with controlled proliferation can form a (I) benign 

nevus. Unfavorable conditions and a set of genetic alterations can allow melanocytes 

to grow abnormally in the nevus, forming a (II) dysplastic nevus. This is a type of 

mole that typically has cellular atypia and widens, but is still within the basal 

membrane. At this stage, melanocytes undergo malignant transformation with the 

ability to grow horizontally, leading to increased proliferation and (III) radial-growth. 

The radial growth phase shows an expanding thin lesion in or close to the epidermis. 

By (IV) vertical growth phase, they are penetrating into the dermis and reticular 

dermis, where the malignant cells establish contact with blood and lymph vessels. 

Without treatment, the (V) malignant cells can migrate and invade other tissues and 

organs including lymph nodes, lung, liver and brain, and establish secondary tumors 

(distant metastasis) [73]. Early detection is therefore vital with an 80-90% survival 

rate when uncovered in stage I, and drops drastically for patients in the later stages 

[46].   

Approximately 25-50% of the benign nevus develop into cutaneous melanoma 

[74]. This is not incidental as melanomas and nevus share many of the same somatic 

mutations (e.g. mutations in NRAS, BRAF)[75]. In the initiation of melanocytic 

neoplasia, oncogene-activating BRAF or NRAS mutations are observed. The most 

common are amino acid substitutions V600E in BRAF and Q61R in NRAS. About 

80% of the benign nevus is reported to harbour the BRAFV600E mutation, subsequently 

showing cell cycle arrest and oncogene-induced senescence (OIS). Importantly, the 

V600E mutation in BRAF can be detected in 50-60% of all melanomas, along with 
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OIS escape [76-78]. Figure 3 illustrates melanocyte transformation with associated 

genetic alterations allowing OIS escape. 

 

 

Figure 3. The development of melanoma is commonly divided into five stages. Within a benign nevus 
active BRAF or NRAS mutations is usually detected, and may lead to constitutively activation of the 
MAPK pathway and oncogene-induced senescence (OIS). In subgroups of melanoma (acral and 
mucosal melanomas), the KIT gene is thought to activate the same pathway. To bypass OIS, an 
additional set of genetic alterations is required (loss of p53, pRB, p16INK4A and c-MYC activation). 
When OIS is bypassed, malignant transformation takes place and lead to radial tumor growth. The 
progression into vertical growth phase is associated with PTEN loss and AKT3 amplification. 
Eventually the metastatic melanoma disease is able to produce secondary tumors invading distant 
tissues and organs. The picture is adapted from: A. Slipicevic & M. Herlyn: Narrowing the knowledge 
gaps for melanoma 2012, and and Fitzpatrick’s Dermatology in General Medicine, 7e.  Chapter 124. 
JAMA 2004 Dec 8;292(22):2771-6. 

 

It has been suggested that melanocytic nevus is the result of OIS, as they too express 

senescence markers [79]. OIS can thereby be an efficient mechanism to stop tumor 

progression, considering most tumors lack the ability to undergo senescence and keep 

dividing without the proper checkpoint controls [21]. Improved understanding of how 

cells escape the OIS program may lead to novel therapeutic advances [80].  
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1.2.2 Signaling pathways and genes involved in melanoma development 

Therapy choices and drug development depend on knowledge of the underlying 

mechanisms in melanomagenesis. Aberrations in several genes and signaling 

pathways are associated with melanoma development and progression (some are 

outlined in figure 4). In the more advanced stages, also apoptotic pathways and 

regulators are impaired.  

 

 

Figure 4. Signaling pathways linked to melanoma development: The mitogen-activated protein kinase 
(MAPK) pathway is constitutively activated either by NRAS or BRAF mutations. Active GTP-bound 
RAS binds, phosphorylates and activates membrane bound RAF proteins. Activated RAF induces 
downstream signaling through further phosphorylation of MEK and subsequently ERK. ERK 
translocate to the nucleus and controls expression of genes (such as MITF) associated with survival, 
cell cycle progression and differentiation [81]. Another pathway, which is often hyperactivated, is the 
PI3K/AKT pathway. RAS binds to PI3K that in turn catalyze the phosphorylation of PI to PIP3. PIP3 
recruits PDK1 and trigger AKT activation. This pathway further promotes cell survival. The picture is 
adapted from: Harris, TJR & MCCormic, F (2010). The molecular pathology of cancer Nat. Rev. Clin. 
Oncol.  
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A key proliferative signaling pathway in melanoma development is the mitogen-

activated protein kinase (MAPK) pathway. When constitutively activated, it has been 

shown to regulate proliferation, melanoma cell survival, and resistance to apoptosis 

[77]. The drivers promoting this pathway originate from mutations in the RAF and 

RAS proto-oncogenes (BRAFV600E, NRASQ61R). RAS mutations and BRAF mutations 

activate the MAPK pathway in different ways, BRAF activates by direct 

phosphorylation of MEK and RAS by switching from BRAF to CRAF signaling, 

followed by downstream activation of MEK [81]. However, it appears that oncogenic 

RAS or BRAF alone is not enough to induce melanoma transformation [82, 83]. 

Several studies have shown that introducing oncogenic RAS or BRAF into normal 

melanocytes results in a senescence phenotype [80, 82].  

Another prominent signaling pathway in melanoma progression is the 

PI3K/AKT pathway (see figure 4). An activated PI3K/AKT pathway can contribute to 

sustained cell survival, OIS escape, cross talk with the MAPK pathway, and drug 

resistance (i.e. against BRAFV600E inhibitor vemurafenib) [40]. The PI3K/AKT 

pathway is regulated by receptor tyrosine kinases (RTKs), followed by activation of 

PI3K kinase leading to downstream activation of AKT. AKT is a serine/threonine 

kinase and when activated it phosphorylates substrates that inhibit apoptosis and 

promote cell survival [84]. An important regulator of the PI3K/AKT pathway is 

PTEN, which encodes a phosphatase that inactivates products of PI3K, thereby 

favoring apoptosis. PTEN loss of function is observed as a late event in melanoma 

development with a frequency of approximately 20%, leading to increased activation 

of the PI3K/AKT pathway [85, 86].  

The Wnt/β-catenin pathway is another frequently hyperactivated pathway in 

melanoma. The Wnt/β-catenin pathway is implicated in aiding proliferation of 

melanocyte stem cells and regulation of genes important in melanoma progression 

[87, 88]. β-catenin is a multifunctional protein, where accumulation is thought to be a 

positive prognostic marker, while nuclear β-catenin loss is associated with metastatic 

progression in melanoma patients [89]. Interestingly, β-catenin has been reported to 

be necessary for Vemurafenib induced apoptosis in melanoma cells [90, 91]. The 

Wnt/β-catenin pathway may further contribute to formation of malignant melanoma 

by inducing MITF (microphthalmia-associated transcription factor) expression, a 
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melanocytic lineage-specific transcription factor with both tumor suppressor and 

oncogenic properties in melanoma [92]. In summary, several pathways and genes are 

believed to be important for the development of melanoma and an overview are 

presented in table 3 and 4. 

 

Table 3: Signaling pathways linked to melanoma development 
Pathway Modulator mutated/activated Alteration function 
RAS/RAF/MEK/ERK NRAS Mutation 

 
BRAF Mutation 

  MEK1 Mutation 

RAS/PI3K/PTEN/AKT PTEN Deletion/Mutation 

 
AKT1, AKT2 Rare mutation 

  AKT3 Amplification 

WNT/B-catenin CTNNB1 Mutation 

Receptor tyrosine kinases KIT Mutation/Amplification 

 
EGFP Activation 

  ERBB4 Mutation 

NF1 (PI3K + MAPK) NF1 Mutation 

CDK CDK4 Mutation/Amplification 

P53 p14ARF (CDKN2A) Mutation/Deletion 

 
MDM4 Amplification 

RB1 p16INK4A (CDKN2A) Mutation/Deletion 

MITF Transcriptional 
programme MITF Amplification 

MYC Transcriptional 
programme MYC Amplification/Overexpression 

TERT Promoter region of catalytic 
subunit Mutation 

Table 3 show a list of signaling pathways that are associated with melanoma progression. The 
information can be found in references [29, 73, 84, 93]. All abbreviations are listed on pages V-VIII. 
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Table 4: Altered genes in melanoma.   
Component Pathway Alteraation Phase  Frequency 

BRAF MAPK 
Point mutation Primary, intermediate, 

NRAS WT 
50-60% 

Gene fusion (rare) 

NRAS MAPK, PI3K Missense mutation 
Primary, intermediate, 

BRAF WT 
20-25% 

KIT MAPK, PI3K 
Point mutation  

NRAS, BRAF WT 
1% overall 

Amplification 10% mucosal 

MITF Transcriptional, 
lineage, cell cycle Amplification All types 20 % 

NF1 
MAPK, PI3K, 
negative regulator of 
RAS 

Mutations, loss of 
expression 

Intermediate, 

BRAF, NRAS WT 

4% overall 

25% BRAF,  

NRAS WT 

TERT Telomerase Mutations in promoter of 
catalytic subunit Intermediate 

70-80% overall 

85% metastatic 

CDKN2A 

p14ARF 
p16INK4A 

Negative regulator of 
TP53 and RB 

Point mutation Invasive, BRAF and 
NRAS mutated, KIT 
amplified 

30-40% 
Deletion  

CDK4 Cell cycle (cyclin 
dependent kinase) Amplification BRAF, NRAS WT 3 % 

PTEN PI3K Point mutation or deletion 
Invasive, 

BRAF, NRAS WT 
40-60% 

MYC Transcription Amplification All types 20-40% 

TP53 Cell cycle, apoptosis Pont mutation All types 10-20% 

ERBB4 PI3K, MAPK Point mutation All types 15-20% 

AKT3 PI3K Amplification All types 25 % 

MDM4 Negative regulator of 
p53 Overexpression All types 65 % 

Table 4 gives an overview over genes that have been linked to melanoma progression. All abbreviations are listed on 
pages V-VIII. Information presented here can be found in references [29, 73, 84, 93]. 
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1.2.3 MITF-M, the master regulator of melanoma 

MITF is a basic helix-loop-helix leucine zipper (b-HLH-Zip) transcription factor 

belonging to the MYC supergene family, and a master regulator of melanocyte 

differentiation [94]. MITF binds to E-box promoter sequences CACATG and 

CACGTG, either as a homodimer or a heterodimer together with TFEB, TFEC, and 

TFE3 (collectively termed the MiT family). There are several isoforms of MITF 

assigned; A, B, C, D, E, H, M and Mc. Besides alternative promoters and first exons 

they differ in the N-terminal region. The shortest, the MITF-M (419 residues) isoform 

is selectively involved in melanocyte specific expression, and will be the isoform 

highlighted in this thesis [95-97].  

The role of MITF-M is essential in various processes such as cell cycle 

progression, differentiation, survival, and mobility (see table 5, representing MITF-M 

target genes) [98, 99]. MITF-M regulates a variety of genes (including itself), and has 

been suggested to have antagonistic roles in melanoma. Depending on the biological 

process, MITF-M has been found to be both a driver of melanoma development (in a 

subset of melanomas), and a suppressor of invasion and metastasis [100].  

 

Table 5: MITF-M target genes     
Cellular processes Genes Properties Ref 

Cell-cycle progression CDK2 pro-proliferation [99] 

 
p16INK4A Cell cycle inhibitor [99] 

 
p21Cip1 Cell cycle inhibitor [99] 

  TBX2 Suppress senescence [99] 
Differentiation TYR Pigmentation enzyme [99] 

 
TYRP1 Pigmentation enzyme [99] 

 
DCT Pigmentation enzyme [99] 

 
MART1 Melanoma antigen [100] 

 
AIM-1 Absent in melanoma-1 [100] 

  PMEL17 Melanosomal structural protein [100] 

Apoptosis BCL2 Anti-apoptotic factor, survival [99] 

  HIF1a Hypoxia response, survival [99] 

Mobility C-MET Proto-oncogene [99] 
Table 5. show a list over common MITF-M target genes and their properties. Abbreviations are listed on 
pages V-VIII. 
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MITF mutation frequency is relatively low and usually related to genomic 

amplification (copy gains). Genomic MITF amplifications occur in approximately 

10% of the primary melanomas and in about 20% of the metastatic melanomas, it has 

been suggested as a late event in melanoma progression [101]. Amplification of 

MITF-M has also been connected to therapy resistance, and thus considered to be a 

marker for poor prognosis [102]. MITF-M expression varies among tumors, amplified 

in some and lost in others. The amount of MITF protein in a tumor has been linked to 

a certain set of tumor phenotypes; high levels promote terminal differentiation and 

cell cycle exit, intermediate levels induce proliferation, and low levels correlates with 

invasive cells. In melanocytes, MITF depletion has been associated with a senescent 

phenotype [100, 103].  

MITF activity and expression is highly regulated with upstream activators and 

suppressors, including epigenetic and microenvironmental signals. Figure 6 illustrates 

the MITF promoter and some of the known associated regulators. Many of the 

pathways involving MITF are frequently deregulated in melanoma (see figure 7). The 

many examples in tumor promoting and tumor inhibiting properties of MITF 

emphasize the complexity. The complexity is due to various cofactors, the 

microenvironment, chromatin remodeling events (SWI/SNF) and post-translational 

modifications such as; phosphorylation, ubiquitination, acetylation and SUMOlation, 

leading to altered target gene specificity and activity [104, 105].  

 
 
Figure 6. The MITF 
promoter, with positive 
(white) and negative 
(black) regulation at the 
transcriptional and the 
post-transcriptional 
level. The picture 
source: Hartman ML. 
MITF in melanoma: 
mechanisms behind its 
expression and activity. 
Cellular and Molecular 
Life Sciences. 
2015;72(7):1249-1260.  
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Figure 7. MITF-related 
pathways and regulators. MITF 
regulates a variety of genes that 
are associated with cell cycle 
progression, cell differentiation 
and survival. MITF target 
genes are indicated with pink 
arrows. The signaling pathways 
associated with MITF are 
indicated with black arrows. 
The picture is adapted from 
Levy, Carmit et al. MITF: 
master regulator of melanocyte 
development and melanoma 
oncogene. Trends in Molecular 
Medicine, Volume 12, Issue 9, 
406 – 414. 

 

1.2.4 MITF-induced regulation of the cell cycle  

One of the more interesting roles of MITF-M is the ability to regulate cell-cycle 

progression. MITF-M regulates genes such as CDKN1A (p21Cip1), CDKN2A 

(p16INK4A), CDK2 (cyclin-dependent kinase 2) and CDK4 (cyclin-dependent kinase 

4). CDK2 and CDK4 are positive regulators, while p21Cip1 and p16INK4A are negative 

regulators of the cell cycle [106-109]. This can partly explain the antagonistic 

functions of MITF-M within cell cycle control, the ability to induce either 

differentiation or cell proliferation. As described in the above chapter, this is likely to 

depend on the level of MITF expression and post-translational modifications.  

There is a strong association between MITF-M and CDK2 expression in 

melanoma cell lines. CDK2 is a cyclin-dependent kinase that regulates the cell cycle 

during G1/S transition [106]. CDK4 is another cyclin-dependent kinase which have 

been associated with MITF-M. Studies have shown that MITF depletion in melanoma 

cells significantly reduce CDK2 and CDK4 expression [109]. Thus, MITF-M ability 

to induce proliferation and survival is suggested to happen through CDK2 and CDK4 
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regulation. In contrast, MITF-M is also reported to promote an anti-proliferative 

effect by activating CDKN1A (p21Cip1) and CDKN2A (p16INK4A) expression. p21Cip1 

controls cell cycle progression at G1 and S-phase by inhibiting cyclin-CDK2, cyclin-

CDK1, and  CDK4/6 complexes, leading to G1 cell-cycle arrest [107]. Like p21Cip1, 

p16INK4A work in a similar manner, inhibiting CDK4/6 and further progression 

through the cell cycle [108]. Both p21Cip1 and p16INK4A protein is known to have 

tumor suppressor properties by the ability to induce senescence [110]. However, the 

role of MITF-M in controlling the senescence program in melanoma cells is still 

poorly understood [103]. 

1.2.5 The CDKN2A gene in melanoma 

The CDKN2A gene is located at the 9p21 locus and encodes several spliced transcript 

variants, two of them are effectors important to cellular proliferation: tumor 

suppressor proteins p16INK4A and p14ARF. p16INK4A is an inhibitor of the cyclin-

dependent kinases CDK4/6, while p14ARF inhibits MDM2 (ubiqutinin ligase murine 

double minute 2) and is a positive regulator of p53 [111, 112]. Figure 8 illustrates the 

CDKN2A gene with p16INK4A and p14ARF transcript variants. At the CDKN2A 

promoter, p16INK4A is transcribed from exon 1α, 2 and 3. The p14ARF uses an 

alternative exon 1 (1β) and is spliced with exon 2 by using an alternative reading 

frame (ARF). The two proteins have no homology at the amino acid level, as they are 

translated by different reading frames [113].  
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Figure 8 shows an overview of the CDKN2A gene. The p16INK4A gene is transcribed from exon 1α, 2 
and 3, while p14ARF uses an alternative exon 1β spliced to exon 2 in an alternative reading frame 
(ARF). Both gene products affect cellular proliferation, however through different mechanisms: the 
p14ARF protein functions by inhibiting MDM2 degradation of p53. Thus, stabilizing p53, leading to cell 
cycle arrest in G1/G2 phase. p16INK4A functions via the pRB/E2F pathway, and inhibits CDK4/6 by 
blocking their association to cyclinD1. This will in turn prevent phosphorylation of the Rb protein, 
resulting in cell cycle arrest in G1 phase. The picture is adapted from Ruas M and Peters G: The 
p16INK4a/CDKN2A tumor suppressor and its relatives. Biochim Biophys Acta. 1378:F115–F177.  

 

The CDKN2A gene is involved in cell cycle arrest, cellular senescence, ageing, and 

cancer progression [114]. It is highlighted as the most significant familial melanoma 

susceptibility gene and is consequently the most extensively characterized. Germline 

and somatic mutations in this gene or associated signaling pathways are regularly 

found in melanomas. Germline mutations are observed in 20-40% of all melanoma-

prone family cases (familial cases represent 10% of all melanomas), and can affect the 

two distinct proteins (p16INK4A and p14ARF) encoded by the gene [93, 115-117]. The 

CDKN2A gene is often inactivated either by mutations, promoter hypermethylation, 

or deletions. 50% of sporadic melanomas have CDKN2A loss of expression, making 

it one of the most frequently silenced or lost genomic regions in human cancer. 
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Promoter methylation and homozygous deletions are reported to be the most common 

[114, 118].  

Loss of p16INK4A expression is strongly associated with melanoma progression 

[27, 119]. So far the mutations identified in the CDKN2A gene are commonly found 

to affect p16INK4A expression and function. While inactivation though methylation 

generally leads to loss of expression, many mutations are shown to give rise to 

dysfunctional proteins affecting the p16INK4A ability to inhibit CDK4/6 complexes 

[117, 120]. Mutations known to disrupt p14ARF are less frequent. Nevertheless, studies 

show germeline deletions and mutations in exon 1β, hence occurring independent of 

p16INK4A inactivation [121-123]. While the p14ARF role in the apoptosis program 

mediated through p53 is well characterized (see figure 8), recent evidence suggest a 

p53-independent mechanism involving p14ARF protein interactions. These interactions 

may induce transcriptional activation, SUMOlation or protein turnover of target 

proteins that promote tumor suppression and senescence [124]. Thus, questioning the 

importance of p14ARF loss of function in melanoma. Regardless, extensive evidence 

suggests that p16INK4A is the major tumor suppressor of the CDKN2A gene effecting 

melanomagenesis. Studies have shown that oncogenic RAS together with loss of 

p16INK4A function can initiate the development of melanoma [125]. Senescence 

markers and decreased cell growth have been detected in experiments where 

functional copies of p16INK4A were reintroduced into melanoma cells [126]. 

Furthermore, the association between p16INK4A expression and melanoma prognosis is 

well established through several studies [127, 128], making it a candidate as 

diagnostic biomarker [27, 119]. 

1.2.6 Regulation of the CDKN2A gene 

Regulation of the CDKN2A gene is complex and mediated through diverse 

mechanisms and pathways. The fact that the two distinct proteins (p16INK4A and 

p14ARF) are transcribed from different promoters while using the same exons is very 

rare and makes this gene extraordinary. This coupled with the diverse interplay 

between regulators and the different ways they affect each other makes the regulation 

of CDKN2A difficult to study [129]. Transcriptional regulation of the CDKN2A gene 
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is well characterized (see table 6). The distinct reading frames of p16INK4A and p14ARF 

explain the independent regulation. However, a model for coordinated regulation of 

all variants transcribed from the CDKN2A gene has also been suggested. The finding 

of a transcriptional regulatory domain (RDINK4/ARF) upstream of the INK4B gene 

supports the idea of coordinated regulation [130]. The INK4B encodes another 

candidate tumor suppressor p15INKB, located upstream the CDKN2A gene. All 

variants transcribed from the INK4A/ARF/INK4B locus may influence each other, 

resulting in a hierarchy of tumor suppressors [129].  

Less is known about p16INK4A and p14ARF regulation at the post-transcriptional 

(table 7), and post-translational (table 8-9) level. Nevertheless, some examples of 

post-translational modifications include phosphorylation and ubiqutination. 

Phosphorylation at specific serine residues (Ser7, Ser8, Ser140, and Ser152) of 

p16INK4A has been observed to increase and stabilize the binding to CDK4. 

Interestingly, the same serine residues are regularly mutated in familial and sporadic 

melanomas [131]. However, the p16INK4A phosphorylation mechanism as well as the 

function of the phosphorylation is yet to be determined [132]. Moreover, evidence of 

degradation through lysine-independent ubiqutination has been observed for both 

p16INK4A and p14ARF proteins [124, 133]. Degradation of p16INK4A protein is linked to 

the binding of REGγ. While three ubiquitin E3 ligases have been discovered to 

ubiqutinate p14ARF (see table 9), thus marking the protein for proteasomal degradation 

and subsequently activating cell proliferation [124]. The mechanism of lysine-

independent ubiqutination is still poorly understood. A better understanding of 

CDKN2A regulation in general is needed, and may uncover p16INK4A and p14ARF 

tumor suppressor abilities that extend beyond the well-documented pathways 

described in figure 8. 
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Table 6.  Regulators of CDKN2A transcription     

Regulation Binding site Regulator Transcriptional effect Ref. 

Specific 
regulation 

Ets binding 

Ras/Raf/Mek* 

Promoting p16 

and p14 (DMP-1) [134, 135] 

Ets 1 Promoting p16 [135] 

Ets 2 Promoting p16 [135] 

Id1 Inhibition p16 [135] 

E box 

MITF* Promoting p16 [108] 

Myc Promoting p16 and 14 [129, 136] 

Id1 Inhibition p16 [135] 

HBP1 binding 
HBP1 Promoting p16 [137] 

Ras/Raf/Mek* Promoting p16 [137] 

Sp1 binding 

p300/CBP Promoting p16 [138] 

p21* Promoting p16 [138] 

E2F1, E2F2, E2F3 Promoting p14 [139] 

ISTE B-MyB Inhibition p16 [140] 

Ap1 binding 

JunB Promoting p16 [129] 

JunD Inhibition p14 [129, 136] 

c-Jun 

Inhibition p16 

Promoting p14 [129, 136] 

Coordinated 
regulation 

RD 

 

CDK6 and CDK4* Promoting p16 [129] 

Cdc6 Inhibit p16 and p14 [141] 

Chromatin 

remodelling 

Polycomb 

(Bmi1,Tbx2/3, Cbx7) Inhibition p16 and p14 [129, 136] 

Chromatin 

remodelling SWI/SNF Promoting p16 and p14 [136] 

This table gives an overview of transcriptional regulators of the two CDKN2A transcripts (p16 and 
p14). Abbreviations are listed on page V-VIII. Genes associated with melanoma development are 
marked by asterisk (*). 
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Table 7-9 lists suggested post-transcriptional and post-translational regulators of p16INK4A and p14ARF. 
All abbreviations are listed on pages V-VIII. 
 
 
 
 

Table 7. Suggested post-transcriptional regulators of p16INK4A and p14ARF 

Regulator Characteristic Effect on mRNA 
stability  Ref. 

AUF1 RNA binding protein Negative, p16 mRNA decay [142] 

hnRNP A1 RNA binding protein Positive, p16 and p14 mRNA stability [143] 

hnRNP A2 RNA binding protein Positive, p16 and p14 mRNA stability [143] 

miR-24-2 miRNA Negative, p16 and p14 mRNA decay [144, 145] 

Table 8. Suggested post-translational regulation and modifications of p16INK4A   

Regulation Category Effect Ref. 

Modifications 
Phosphorylation Increased binding affinity with CDK4/6 [131] 

Ubiqutination Degradation [146] 

REGγ Ubiqutin-independent degradation [133] 

Protein/protein 
interactions 

Cyclin Ds 
overexpression Decrease the CDK4-p16 complex [131] 
INK4A proteins Hierarchy of tumor suppressors [147] 
KIP inhibitor binding of 
CDK4/6 Displacement and degradation of p16  [148] 
GRIM-19 Enhanced p16 and CDK4 binding [149] 
NF-κB Competes for binding of CDK4 [150] 
Gankyrin 
overexpression Negative regulator of p16 pathway [151] 
SEI-1/TRIP-Br1 May antagonize p16 function [152] 

Tax Counteract inhibition of CDK4/6 [153] 

Table 9. Suggested post-translational regulation and modifications of p14ARF   

Regulation Category Regulator Effect Ref. 

Modifications Ubiqutination 

ULF 
Proteasomal 
degradation  [154] 

MKRN1 
Proteasomal 
degradation  [155] 

Siva1 
Proteasomal 
degradation  [156] 

Protein/protein 
interactions 

 
INK4b/ARF/INK4A 

Hierarchy of 
tumor 
suppressors  [130] 
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1.3 Aims of the study 

Both MITF (the microphthalmia-associated transcription factor) and the CDKN2A 

gene are extensively linked to melanomagenesis and therefore their functions are 

important to characterize. The main purpose of this thesis was to investigate the role 

of MITF-M in the regulation of CDKN2A in melanoma cell lines spanning different 

disease stages and genetic backgrounds. Second, we aimed to explore the function of 

p16INK4A by modulating the expression levels through mRNA and siRNA delivery. 

For this purpose the following questions were asked:  

Is there an association between mRNA expression patterns of MITF-M, 

p16IKN4A, and p14ARF in melanoma and melanocyte cell lines? 

To answer this question, the basal mRNA expression levels of CDKN2A gene 

products (p16INK4A and p14ARF) and MITF-M were determined by qPCR in an 

extended melanoma cell panel consisting of 19 cell lines, including two immortalized 

melanocyte cell lines.  

Are the two distinct CDKN2A transcripts regulated by MITF-M in melanoma 

and melanocyte cell lines?  

To address this question, MITF-M depletion experiments were conducted by using 

MITF-M siRNA molecules in various cell lines (melanocytes and melanoma). The 

p16INK4A and p14ARF mRNA expressions were analyzed and compared against cells 

transfected with scrambled negative control (NC) siRNA sequence and non-

transfected control samples.  

What effect do p16INK4A have upon cell viability and proliferation in melanoma? 

To answer this question, modulation of p16INK4A expression was performed by using 

both mRNA and siRNA molecules in various melanoma cell lines. Potential effects in 

cell viability, proliferation, and cell cycle progression were analyzed after treatment, 

and compared with untreated and negative control samples. 
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2 MATERIALS AND METHODS 

 

2.1 Cell work 

2.1.1 Cell lines  

Table 2.1 shows a characterization of the 19 cell lines used in this study. Their 

respective disease stage and mutational background is included (BRAF, RAS, TP53, 

NF1 CDKN2A/p16/p14, and CDK4). This table is based on studies performed by the 

Hovig group, The Norwegian Radium Hospital, OUS and data found available at the 

web pages of The Wistar Institute (https://www.wistar.org/lab/meenhard-herlyn-dvm-

dsc/page/melanoma-cell-lines-0). 

Table 2.1 Cell line panel               

Cell line Stage BRAF NRAS TP53 NF1 p16 p14 CDK4 MITF 

Hermes3C Mel WT WT WT WT +  + WT + 

Hermes4C Mel WT WT WT WT +  + WT + 

WM35 RGP V600E het WT WT WT ND ND R24C + 

WM1366 VGP WT 61L Y220C WT Mut  + WT + 

WM983B VGP V600E het WT P278F WT Mut  + WT Amp 

WM115 VGP V600D het WT WT WT Homloss Del WT + 

WM1341B VGP V600R het WT WT WT Homloss Del WT + 

FMX-I Met WT Mut WT WT ND  + ND Amp 

FMX-V Met WT Mut WT WT ND  + ND Amp 

LOXIMVI Met V600E het WT WT WT Del Del ND + 

MEWO Met WT Q1336 Q317  Q1336 Mut + ND Amp 

WM9 Met V600E het WT WT WT ND + WT + 

WM1382 Met WT WT WT WT +  + Amp + 

WM239A Met V600D het WT WT WT Homloss Del WT + 

WM45.1 Met V600E het WT Y220C WT CN loss + ND Amp 

SKMEL-28 Met V600E hom WT L145R WT +  + Amp Amp 

WM266-4 Met V600D het WT WT WT Homloss Del WT + 

A375 Met V600E hom WT WT WT Homloss Del ND + 

WM852 Met WT 61R S241F WT Homloss Del WT + 

The information of all cell lines used in this study are grouped by disease stage and mutational background. The cell lines 
are melanocytes (mel), tumors in radial growth phase (RGP), vertical growth phase (VGP), or metastatic (met). The plus 
symbol indicates detected gene expression (+). Other abbreviations: wild type (WT), deletion (Del), amplified (Amp), 
homozygous loss (hom), heterozygous loss (het), copy-natural loss (CN loss), not detected (ND). 
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2.1.2 Cell culture 

All cells lines were grown as adherent monolayers in culture flasks containing RPMI-

1640 medium (Bio Whittaker) supplemented with 10% fetal bovine serum (FBS) and 

2mM L-GlutaMAX (Gibco, Invitrogen). Culturing and maintaining the immortalized 

melanocyte cell lines Hermes 3C and 4C required 254 medium (Gibco, Invitrogen) 

supplemented with 10% fetal calf serum (FCS), 200mM phorbol-12-myristate.13-

acetate (Sigma-Aldrich), cholera toxin, human stem cell factor (Thermo-Fisher) and 

endothilin (Milipore).  

All cells were kept at 37°C, in a humidified incubator with 5% CO2. Cell work 

was performed in sterile conditions to prevent contamination and infection. Routine 

mycoplasma testing was done with a mycoplasma detection kit (VenorGem, Biolabs). 

During sub-culturing, the cells were split at 85-95% confluence using 0.05% Trypsin 

(EDTA, Sigma) to detach cells before collecting and transferring a sample to fresh 

medium. Maintaining the cell line banks required special freezing and thawing 

routines described below: 

- Thawing; for cell culturing, the stock was rapidly thawed in 37°C water bath 

and added to tubes containing fresh medium, spun down and re-suspended in 

fresh growth medium to remove toxic DMSO. Then the cells were transferred 

to culture flasks and passaged three times before experimental usage. 

- Freezing; using a slow freezing method cell stocks including growth medium 

supplemented with FBS and cryoprotective agent dimethyl sulphoxide (10% 

DMSO, preventing damaging crystals) were transferred to a -80°C freezer, and 

then for long term storage moved to liquid nitrogen tanks (-180°C).  

 

Experimental set up in 6-well plates: 

The cells were counted on the Countess® Automated Cell Counter to calculate the cell 

volume to be seeded out in 6-well plates (Nunc, Thermo Fisher Scientific), ensuring 

the same cell count and confluence before every experiment. The plates were 

incubated with the same conditions as previously described. 
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2.2 Transfection 

Transfection is the process of delivering nucleic acids into eukaryotic cells, while 

minimizing unwanted effects such as cytotoxicity, off target gene response or cell 

death. Because DNA are hydrophilic molecules, the lipid bilayer of the hydrophobic 

cell membrane becomes an efficient barrier, and moving through can prove 

challenging. Transfection can be accomplished by a variety of methods. In this project 

the use of lipid-based reagents was applied to facilitate transfer of oligonucleotides 

into the cell.  

The reaction is based on complexing DNA and lipids to form a carrier vesicle 

that can pass through the cell membrane, either by fusion or by endocytosis. This is 

possible because the cationic head group of the lipid compound will associate with the 

anionic phosphates on the nucleic acids. Depending on the material transfected into 

the cell, the expression of target genes can be manipulated in different ways. By 

delivering mRNA for a specific gene, it is possible to increased expression, or by 

delivering siRNA to decrease expression of a target gene. Transiently transfected 

genetic material is not integrated into the genome and will eventually be degraded, 

lost or diluted and therefore not passed on to the next generation during cell division. 

However, within the time frame the transfected material exists in the cell, the effect 

can be monitored.  

2.2.1 Transfection using RNAiMAX and LipofectamineTM 2000 

Transient transfection protocol was performed using lipofectamine agents RNAiMAX 

and Lipofectamine2000 (Invitrogen), where nucleic acids and positively charged 

lipids are complexed together prior to transfection. In this study, siRNA-mediated 

depletion of MITF-M was performed in 6 cell lines; SKMEL-28, WM1382, 

WM983B, MeWo, Hermes 3C and 4C. In addition, siRNAs targeting p16INK4A were 

transfected into the cell line WM1382. The siRNA sequences used are listed in table 

2.2. Moreover, the cell lines WM983B and WM9 were transfected with two variants 

of p16 mRNA (wild type and mutant P81T), generously provided by Stein Sæbøe-

Larssen, Dept. of Cellular Therapy, The Norwegian Radium Hospital, OUS. 
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Table 2.2 siRNA sequences     

Target siRNA Sequence Direction Source 

p16 
5`-CGC-ACC-GAA-UAG-UUA-CGG-UTT – 3` Sense 

MedProbe 
5`-ACC-GUA-ACU-AUU-CGG-UGC-GTT-3` Antisense 

MITF-M 
5`-GCA-GUA-CCU-UUC-UAC-CAC-U-3` Sense 

Oligoengine 
5`-AGU-GGU-AGA-AAG-GUA-CUG-C-3` Antisense 

Table 2.2 show the siRNA sequences used in the current study. 
 

Experimental setup for siRNA transfection: cells were seeded in 6-well plates 

(Nunc, Thermo Fisher Scientific) and incubated at 37°C in a humidified incubator 

containing 5% CO2, and grown to 60% confluence. Together with samples transfected 

with siRNA (25pmol) using Lipofectamine RNAiMAX (Invitrogen), control samples 

were added to monitor off-target effects: negative control (NC) siRNA (scrambled 

non-target sequence), and a control treated with only RPMI-1640 medium. The cells 

were transfected with siRNAs targeting MITF-M or p16INK4A and incubated for 72 

hours. Then RNA and protein was harvested.  

siRNA transfection mixture: 

- 1,25 μl (25 pmol) target siRNA or negative control (NC) siRNA 

- 7.50 μl Lipofectamine RNAiMAX 

- 125 μl RPMI-1640 medium 

- Incubation of mixture for 5 min, then added to cultured cells in 6-well plates.  

 

Experimental setup for mRNA transfection: the cells were seeded out and 

incubated as previously described. A transfection time of 72 hours prior to RNA and 

protein harvesting were chosen before detection by qPCR and Western blotting. A 

sample containing only lipofectamine agent was included to assess possible 

transfection effects. mRNA transfection mixture: 

- 1 μg mutant (P81T) p16 mRNA molecules or 1 μg wild type p16 mRNA 

molecules 

- 2 μl Lipofectamine 2000 (Invitrogen) 

- 125 μl RPMI-1640 medium 
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- Lipofectamine 2000 was incubated for 5 min before mRNA molecules were 

added. 

- Final mixture was incubated for 20 min, and then added to cultured cells 

cultivated in 6-well plates. 

 

Co-transfection mixture: 

Prior to flow cytometry, the WM9 cell line was co-transfected with EGFP and p16 

mRNA (P81T or WT). This was done to estimate the percentage of transfected (live 

cells) in the sample. 

- 0,5 μg p16 (P81T) or 0,5 μg wild type p16 mRNA molecules together with 

- 0,5 μg EGFP mRNA 

- 2 μl Lipofectamine 2000 (Invitogen) 

- 125 μl  RPMI-1640 medium 

- Lipofectamine 2000 was incubated for 5 min before mRNA molecules were 

added. 

- The final mixture was incubated for 20 min, and then added to cultured cells 

in 6-well plates for 24 and 72 hours of incubation. 

2.3 RNA expression analysis  

2.3.1 RNA harvesting and isolation 

To investigate RNA expression in the distinct melanoma and melanocyte cell lines, 

the cells was lysed and harvested for RNA. For this task the GenElute Mammalian 

Total RNA Miniprepkit (Sigma Aldrich) was used with the following protocol: 

- Growth medium was discarded from cultured cells in a 6-well plate and 

washed with ice cold PBS three times. 

- 650 μl lysis buffer was added (with 1% marcaptoethanol). 

- Cell lysates were collected in eppendorf tubes and then stored at -80°C. 

- For isolation, the samples were transferred to filtration columns and 

centrifuged 2 min at 14.000 g/min. 
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- The supernatant was kept, and an equal amount of 70% ethanol was added. 

- The lysate/ethanol sample was then transferred to a binding column, and spun 

for 15 sec at 14.000 g/min. 

- The flow trough was discarded and the column was transferred to a new 

collection tube. 

- A 500 μl wash solution 1 was added followed by a spin for 15 sec (14.000 

g/min). 

- Transfer column to new collection tube. 

- The 500 μl wash solution 2 were then added followed by a new spin for 15 sec 

(14.000 g/min). The flow trough was discarded. 

- Then, 500 μl wash solution 2 were again added prior to a 2 min spinning step 

(14.000 g/min). 

- The flow through was discarded and another 15 sec spin (14.000 g/min) were 

performed to remove unwanted ethanol. 

- The column was finally transferred to a new collection tube and 50 μl elution 

buffer was added followed by a 1 min (14.000 g/min). 

The samples were then measured with a spectrophotometer (NanoDrop 2000, thermo 

scientific) to determine RNA purity, and stored at -80°C before cDNA synthesis. 

2.3.2 RNA concentration 

NanoDrop 2000 UV-VIS spectrophotometer (Thermo Scientific) can determine 

concentrations and purity by measuring an absorption spectrum. Different molecules 

have distinct absorption maximums: RNA 260 nm, proteins 280 nm and other 

molecules like phenol at 230 nm. The spectrometer uses this information to measure 

RNA concentration and determine the samples purity. If the absorption ratio A260/280 is 

above 2 and the A260/230 was smaller than 1,4 the RNA is not pure enough for further 

experiments and was precipitated and measured again. The following criteria were set 

for future analysis: <2.00 A260/280 - accepted purity /  >1,40 A260/230 - accepted purity. 
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2.3.3 RNA precipitation  

When the RNA samples were determined impure by NanoDrop spectrophotometer 

measurements, the RNA samples was purified using precipitation with isopropanol.  

The protocol was as follows: 

- RNA samples were added an equal volume isopropanol and 0.1 volume 3M 

sodium acetate (pH 5.2) 

- Precipitate overnight (-20°C) 

- Spin 40 min (14000g/min, 4°C) 

- Discard flow through 

- Wash pellet with 75% ethanol (remove impurities) 

- Spin 15 min (14000g/min) 

- Remove ethanol and dry RNA pellet 

- Re-suspend in 50 μl elution buffer  

- Repeat RNA concentration measurement protocol (NanoDrop2000). 

 

2.3.4 cDNA synthesis 

The qScriptTM cDNA Synthesis Kit (Quanta, Bioscience) was used for reverse 

transcription of isolated total RNA. In a reverse transcription PCR, the DNA 

polymerase synthesizes double stranded DNA from a single stranded RNA template. 

This yields a more stable sample for the qPCR program. Protocol (reaction mix) after 

manufacturers description: 

- 1 μg total RNA (calculated volume μl depends on the RNA concentration) 

- 4 μl 5x iScript Mix (primers, oligo and dNTPs) 

- 1 μl iScript Reverse Transcriptase 

- Volume (μl) RNase-free water added depends on volume (μl) RNA when the 

total volume is 20 μl for each sample. 

 

The samples were run with a fixed synthesis program in a GeneAmp PCR System 

(Biosystem) with the following thermal cycling program: 
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- 22°C, 5 min stabilizing the sample 

- 42°C, 30 min cDNA synthesis 

- 85°C, 5 min enzyme deactivation 

- 6°C, ∞ cooling, END program 

cDNA samples was diluted to 100 μl with nuclease-free water and stored at 4 °C 

before qPCR. 

2.3.5 Real-Time Polymerase Chain Reaction (qPCR) 

The real-time polymerase chain reaction also called quantitative PCR (qPCR), is a 

sensitive and powerful tool for quantifying gene expression. A thermal program with 

multiple amplification cycles where the template is denatured, allowing annealing of 

the primer and extension with heat resistant DNA polymerase. This results in an 

exponential increase of replicated template (amplicon) counts that are recorded in real 

time via detection of fluorescent signal (iQ SYBR Green, Quanta Bioscience). SYBR 

green is complementary and binds the dsDNA. The fluorescence signal is inactive as 

long as the probes are attached to the sequence, and is activated when the DNA 

polymerase cleaves it off. Thus, the recorded increase in fluorescence corresponds to 

the increase in amplicon counts. The fluorescent signal measured in each 

amplification cycle provides data that give an amplification curve with four stages: 

initial exponential template accumulation (background noise), exponential 

amplification, linear amplification and plateau stage. Quantification of amplicon 

count is determined in the exponential phase, when the number of amplicons is 

directly proportional to the initial count of target sequence present. The ∆∆CT method 

was used for result analysis, with the TBP and RPLPO gene transcript as endogenous 

references (normalized expression). The formula calculates gene expression based on 

Ct values obtained from quantification of the initial transcript of unknown 

concentration. Ct is the number of amplification cycles when the optical density (OD) 

reaches the threshold value. This enables a comparison of ct values from using 

different sets of primers on the same sets of samples. The amplification possess was 

performed using CFX Connect Real-Time Detection system (Bio-Rad) with the 

amplification program listed in table 2.3. 
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Table 2.3 qPCT Thermal cycle program for cDNA amplification 

Effect Number of cycles Temperature (°C) Time 
Denaturation 1 95°C 3 min 

Amplification 42 95°C 10 sec 
60°C 35 sec 

Denaturation 1 95°C 20 sec 
Melting curve 1 55-95°C 10 sec 
Programme end - 6°C ∞ 
 
 
The iQ SYBR Green super-mix kit (Quanta Bioscience) was used for each PCR. The 

reaction mix for PCR:  

- 1.8 μl forward primer (10pmol/ul) 

- 1.8 μl reverse primer (10pmol/ul) 

- 30 μl PerfrCTaTM SYBR@ Green supermix (Quanta Bioscience) containing 

corresponding fluorescent probes, nucleotides and DNA polymerase 

- 16.4 μl ddH20 

- Total volume is 50 μl 

Each sample with 50 μl primer master mix was added to 10μl cDNA (100ng/μl) and 

run as two replicates pipetted 25μl side by side in a 96 well hard shell PCR plate 

(Corning Costar). Negative controls for each primer pair were included for 

contamination control (sample without cDNA). CFX manager 3.1 software (Bio-Rad) 

was used to display and analyze the results. Cycle threshold (Ct) values for the 

corresponding replicates were compared to ensure a difference of under 0.3 to exclude 

technical inaccuracies (pipetting). All experiments were replicated in three individual 

replicates. 

Steady-state housekeeping genes were also amplification to ensure sample 

quality, normalizing the expression and verify equal sample amounts. The two 

housekeeping genes selected to be used as endogenous references: TATA-binding 

protein (TBP) and human acidic ribosomal phosphoprotein PO (RPLPO). The 

housekeeping gene expression was not altered by experimental conditions employed 

in this study, and determined suitable for use in normalization.  
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Sequences and the efficiency of all primers used in this experiment can be 

viewed in appendix table A5. Melting curve analysis was performed to check primer 

specificity, eliminating generation of nonspecific dsDNA, and dimer formation 

(primer annealing to itself).  

2.4 Protein expression analysis  

2.4.1 Protein harvesting and isolation 

To investigate the level of protein expression in the selected cell lines, the protein was 

harvested and isolated by the following protocol: 

- Sub-cultured cells in 6-well plates were washed three times with ice cold PBS 

to remove serum residues 

- Add 1ml PBS, and then scrape the mono-cell layer.  

- Transfer the PBS-cell mixture to eppendorf tubes on ice. 

- Centrifugation at 4 °C (13.000 g/min) for 15 min 

- Discard supernatant and store pellets in the -80 °C freezer 

- The protein pellets were collected and put on ice, lysis buffer was added with 

protease inhibitor (Complete Mini) and phosphatase inhibitor (pSTOP) 

- Pallet-lysis mix was vortexed and rested on ice for 10 min, and then vortexed 

again. Repeated three times 

- The mixture was then ultra-sonicated for three sec, repeated three times 

- Centrifuge (13.000 g/min) for 15 min at 4 °C 

- The supernatant was then transferred to new tubes and stored at -80 °C, until 

protein concentration was measured. 

2.4.2 Protein Concentrations 

Protein concentration was measured by using the BIO-RAD Protein Assay (Bradford 

assay). This method is based on measuring the color reaction in the protein sample, 

when BIO-RAD coomassie brilliant blue dye is added. The color variation is 

compared it to a dilution curve made from a reference protein (Bovine gamma 

globulin), were the concentration is known. Protein concentrations were analyzed on a 
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WALLAC 1420 multilabel counter, measuring the absorbance (595 nm). Coomassie 

brilliant blue G-250 drives the color reaction and changes color upon contact with 

proteins. Basic and aromatic amino acid residues, mainly arginine, bind the dye and 

influence the color intensity. The protocol to estimate protein concentration was as 

follows: 

- The Bio-Rad protein assay dye reagent concentrate was diluted in water 1:5. 

- The dilution series was made from five concentrations of reference protein: 0, 

1, 2, 3, 4, 5 (μg) and adjusted in ddH2O, to make a total volume of 10 μl. Each 

respective dilution mix was pipetted in a 96-well plate in three parallels.  

- 1 μg protein/lysate samples was diluted in ddH2O, give a total volume of 10 

μl. And was pipetted in three parallels to the same 96-well plate. 

- 100 μl Bio-Rad dye reagent solution was added to all samples including the 

dilution series, and incubate for 5 min. 

- The absorbance was measured in a WALLAC 1420 multilabel counter (595 

nm).  

- The data was used to set up a standard curve, from the average absorption 

given by the three parallels.  

2.4.3 LDS-PAGE  

In an LDS-PAGE (Lithium Dodecyl Sulphate Poly Acrylamide Gel Electrophoresis) 

proteins are separated according to size, and the molecular weight can be estimated by 

comparing with a molecular standard. The proteins are heat-denatured and given a 

uniform negative charge. During electrophoresis the charged molecules are pulled 

towards the cathode in the polyacrylamide gel. Where larger proteins migrate slower 

than the smaller polypeptides. The protocol was as followed: 

- 30 μg protein was added together with a mix of; 2.5μl NuPage sample buffer 

(LDSx4), 1.0 μl NuPage reducing agent (10x) and de ionized water, to a total 

volume of 10 μl. 

- Samples were heated to 70 °C for 10 min (denaturation). 

- And then spun down and put on ice. 
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- The gel system was assembled together with the gel (NuPHAGE Novex), the 

gel chambers were then filled with running buffer 3-N-morpholino propane 

sulfonic acid 20 nM (MOPS). 

- In the first wells of the gel, 2.5μl molecular standard (Sea Blue Plus2 Pre 

stained) was added.  

- 10 μl samples was then added to the next wells 

- Electrophoresis was run at 170V for 60-90 min 

2.4.4 Western immunoblotting 

Western immunoblotting is a semi-quantitative method that can separate protein 

samples and give insights to what protein is present and at what level (quantity). This 

is a useful way to compare protein levels between different samples. Separation of 

denatured proteins is done with electrophoresis, and then transferred to a membrane 

for specific protein detection with the use of antibodies. The antibodies used in this 

study are listed in appendix table A4. This is an estimation analysis, as proteins are 

separated according to molecular weight, and the concentration of the protein signal is 

visually inspected. A western blot can also indicate protein modifications such as 

phosphorylation status. A typical western blot procedure is as follows: 

1. The LDS-PAGE protocol previously described is followed; the gel is loaded with 

samples containing equal amounts of protein (20-40 μg), followed by electrophoresis 

170V for 60-90 min. 

2. During blotting, proteins are transferred from the gel to a nitrocellulose membrane 

placed between a top and bottom stack (iBlot Gel Transfer Stacks) using iBlot Gel 

transfer Device applying 23V over 9 min.  

3. A blocking solution was applied for an hour in agitated-incubation in room 

temperature. This served as a way to reduce non-specific antibody binding. The 

blocking agent was either 5% dry milk or 5% BSA in 0.1% TBS-T, depending on 

corresponding solution for primary antibodies.  

4. The membrane was incubated at 4C° on a platform tilter over night with primary 

antibodies in 5% dry milk or 5% BSA in 0.1 TBS-T.  
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5. After primary antibody incubation, the membrane was washed 3 times for 10 

minutes using wash buffer (0.1% TBS-T).  

6. After washing, the membrane was incubated with secondary antibodies while 

tilting for 1 hour, and then step 6 was repeated (wash).  

7. For visualization, the membrane was put in a digital membrane visualization 

chamber (G:Box, Synergene Bengaluru Area, India) and visualization solution 

(SuperSignal West duration Substrate, Pierce, Rockford, IL, USA) was added. 

Pictures were taken under various exposure times, depending on the intensity of the 

protein signal by using the GeneSnap 7.12 software. 

 

Housekeeping (reference) proteins were used to normalize the amount of 

protein added to each well (loading control). The assumption is that the housekeeping 

proteins are stably expressed and should not be affected by possible treatment 

differences between samples. However, this needs to be tested prior to use. 

2.5 Flow Cytometry 

Flow cytometry rely on lasers to analyze multiple properties of single cells or 

particles including intracellular complexity, quantitation of DNA content, cell surface, 

purity, cell count, relative size and volume in a single cell suspension. A beam of one 

or several lasers is hydrodynamically focused into the cell suspension and the 

resulting light scatter from a detected particle or cells translates into certain 

characteristics. When using specific antibodies with fluorescent labels it is possible to 

get insight of the cell content as the lasers excite the fluorochromes. The emission 

intensity is proportional to the fluorescence volume (fluorochrome number), making 

quantification of the labeled markers possible.  

 

Flow cytometry analysis of cell cycle with Hoechst DNA staining 

In order to analyze the cell cycle distribution of transfected cells, the samples were 

co-transfected with a p16 mRNA variant (p16 mutant P81T or p16 wild type) and 
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enhanced green fluorescence protein (EGFP). As EGFP protein will be expressed in 

viable transfected cells we have a way to sort for living cells. Hoechst is a DNA 

binding dye and will bind in proportion to DNA volume (stoichiometric).  Cells in G1 

phase have less DNA content then in G2, in this way the cells can be sorted based on 

DNA content, and the cell cycle distribution can be presented in a Hoechst histogram. 

Preparing live cell samples for flow cytometry: after 24 and 72 hours of co-

transfection with p16 and EGFP mRNA, the cells were stained with Hoechst (33342). 

The following protocol was used: 

- The cells where scraped and washed with PBS  

- Spun down for 5 min at 1100 rpm 

- The supernatant was removed and the cells were re-suspended in 400 μl 5 

μg/ml Hoechst 33342  

- Incubated 30 min in 37 °C 

- The cells were then filtered before flow cytometry analyzes 

2.6 MTS Assay  

The MTS assay (3-(4,5-Dimethylthiazol-2-yl)-5-(3-Carboxymethoxyphenyl)-2-(4-

Sulfophenyl)-2H-Tetrazolium) is a colorimetric based assay that measures quantity of 

viable cells in a sample. The color reaction is driven by the reduction of tetrazolium 

compounds, resulting in purple formazan products. The intensity of formazan color 

produced by metabolically active cells, is measured by a spectrophotometer (490-500 

nm), and said to be directly proportional to the number of viable cells in the sample. 

  In this study the MTS One Solution Cell proliferation Assay (Promega, 

Fitchburg, WI, USA) was used and the protocol was according to manufacturer’s 

instructions: the MTS reagent was diluted with RPMI-1640 medium to a 10% solution 

and added (1 ml) to each well. The plates were then covered with aluminum foil and 

incubated at 37 C°. Plates were monitored visually for color changes every 15 min, 

and then analyzed with a Wallac1420 VICTORTM (PerkinElmer, Waltham, MA, 

USA) 6-well plate reader before color saturation. 
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2.7 Growth assay IncuCyte®ZOOM  

The incuCyte Zoom (Essen Bioscience) allow real-time live cell analysis by 

monitoring cells over time. This is a fully automated compact microscope (phase 

contrast) with a camera inside an incubator (37°C with 5% CO2). The phase contrast 

images are analyzed by incorporated software using an algorithm to calculate 

confluence over time by measuring the area covered with cells, this indicates cell 

growth/proliferation. After transfection the 6-well plates were placed in the 

incuCyte®ZOOM and monitored for more than 72 hours. The program was set to take 

contrast images every 3 hours.  

2.8 Statistical analysis 

Student t-test: In order to compare two groups of data the null hypothesis assumes 

that there is no real difference between the groups (A and X). The alternative 

hypothesis suggests that there is a significant difference between the groups. To 

considerer both possibilities in difference outcome (A > X or A < X), the two-tailed 

student t-test was used as a test of significance. Student’s t-test is a parametric test, 

that can give insight to whether the samples have equal variances or not.  If the 

probability (P) is low, it is rare or uncommon. A rare and uncommon event in 

biostatistics is called significant and based on the P-value that indicates significance 

level. When the P-values were P < 0,05 (5%) they are considered statistical significant 

assigned by asterisk *. 

P < 0, 01  ** 

P < 0,001 *** 

P < 0,0001 **** 

P > 0,05 no asterisk 
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3 RESULTS 

 

3.1 Basal mRNA expression levels of p16INK4A, p14ARF, and MITF-M in 
an extended melanoma cell line panel 

To investigate if there was any association between the expression levels of MITF-M 

and CDKN2A transcripts, we measured the mRNA levels of MITF-M (Figure 3.1A), 

p16INK4A (Figure 3.1B), and p14ARF (Figure 3.1C) by qPCR in an extended melanoma 

cell line panel. For this experiment, we used a panel of 19 melanoma cell lines 

spanning various disease stages, including two immortalized melanocyte cell lines 

(Hermes 3C and 4C). The melanocyte cell line Hermes 3C is wild type for MC1R (the 

melanocortin 1 receptor), in contrast to Hermes 4C. Since the majority of the 

population (worldwide) harbor a normal MC1R (wild type), we selected the Hermes 

3C cell line as reference (to normalize against).  

All cell lines in our panel showed lower MITF-M mRNA levels compared to 

the reference cell line (Hermes 3C), where 5 of the 19 cell lines had very low or no 

detectible MITF-M expression (WM1366, WM852, LOXIMVI, A375, and WM9). 

Interestingly, cell lines reported to be amplified for MITF were not expressing more 

MITF-M mRNA than the reference cell line Hermes 3C (see table 2.1). When 

measuring p16INK4A and p14ARF mRNA expression levels, we observed that the 

majority of the cell line panel lacked expression of both transcripts. Among all the 

cell lines measured, WM983B showed a 3-fold higher expression of p16INK4A than the 

reference cell line, while a 4-5 fold increase of p14ARF expression were detected in 

WM983B and WM45.1, respectively. When comparing the mRNA expression levels 

of MITF-M, p16INK4A, and p14ARF, we were not able to detect any obvious association 

between MITF-M and the CDKN2A transcripts. In contrast, a positive association 

was observed between the expression levels of p16INK4A and p14ARF, with some 

exceptions (WM45.1 and WM9). 
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Figure 3.1 Basal mRNA expression levels of (A) MITF-M, (B) p16INK4A and (C) p14ARF in a cell line 

panel consisting of 19 cell lines. mRNA expression was estimated by using qPCR, and the bars 

represents the mean ± SD values from three replicates. The immortalized melanocyte cell line Hermes 

3C was used as reference, and expression was set to 1 (not shown in figure).  
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3.2 Investigating CDKN2A regulation by MITF-M 

3.2.1 Effect of MITF-M depletion upon p16INK4A and p14ARF mRNA expression 

In order to investigate if MITF-M modulates CDKN2A mRNA expression, the 

melanoma cell line SKMEL-28, WM1382, MeWo and WM983B were selected from 

the cell panel on the basis that they are all MITF-M and CDKN2A positive and 

represents various alterations in the MAPK pathway (NRAS, BRAF, NF1, see table 

2.1). The melanocyte cell lines Hermes 3C and 4C were also included, as we aimed to 

investigate potential differences between melanocytes and melanoma cells in the 

regulation of p16INK4A and p14ARF. 

By utilizing siRNA technology to deplete MITF-M expression, we were able 

to investigate the effect upon p16INK4A and p14ARF expression by using qPCR (Figure 

3.2). After 72 hours of MITF-M silencing, we detected a small up-regulation of both 

p16INK4A and p14ARF mRNA levels in the majority of the cell lines investigated. The 

exception was observed in WM983B cells (Figure 3.2D), where a minor reduction of 

p14ARF levels was detected, while no significant change in p16INK4A was measured. 

The most prominent p16INK4A up-regulation was observed in SKMEL-28 and 

WM1382 (Figure 3.2A-B). For p14ARF, the highest increase was measured in MeWo 

cells (Figure 3.2C). Interestingly, also the immortalized melanocyte cell lines showed 

an up-regulation of p16INK4A (Figure 3.2E-F). Importantly, MITF-M mRNA 

expression was depleted effectively with siRNA transfection, as can be seen by the 

black bars in figure 3.2. Transfection of the negative control (NC) siRNA did not 

significantly affect the measured genes, with an exception in the WM1382 cell line, 

where p16INK4A expression was affected (Figure 3.2B).  
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Figure 3.2: Normalized gene expression of MITF-M, p16INK4A and p14ARF were determined 72 hours 

after MITF-M depletion by using qPCR. The bars represent the mean ± SD values of three individual 

experiments. Untreated control samples were used as reference (expression set to 1, not shown in 

figure) A-D: is showing melanoma cell lines SKMEL-28 (BRAFV600E, NRASWT, NF1WT), WM1382 

(BRAFWT, NRASWT, NF1WT), MeWo (BRAFWT, NRASQ1336, NF1MUT), and WM983B (BRAFV600E, 

NRASWT, NF1WT). E-F: melanocyte cell lines Hermes 3C (MC1RWT) and Hermes 4C (MC1RMUT). 

*=p<0.05, **=p<0.01, ***=p<0.005, and ****=p<0.001 (two-tailed student t-test). 
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3.2.2 Effect of MITF-M depletion upon p16INK4A protein expression 

To investigate whether MITF-M depletion also effect protein expression of p16INK4A, 

we selected two cell lines (WM1382 and WM983B) form the previous experiment 

(Figure 3.2). MITF-M silencing was conducted with the same siRNA technology, and 

western blotting was used to validate protein expression. The resulting blot was 

immunostained with antibodies against p16INK4A and MITF-M, revealing bands of 

about 16 kDa and 52-56 kDa, respectively. The size was consistent with the 

theoretical molecular weight for both p16INK4A and total MITF-M proteins. Two 

independent experiments with comparable results are shown in figure 3.2.2 

(WM1382) and 3.2.3 (WM983B). A minor up-regulation of p16INK4A protein 

expression was detected in WM1382 cells after MITF-M depletion, while WM983B 

cells showed down-regulation of p16INK4A protein. A reduced protein signal was 

detected in the sample transfected with MITF-M siRNA, indicating successful MITF 

depletion in both cell lines. β-actin served as a loading control in these experiments 

and was unaffected by the treatment. 

Figure 3.2.2 The protein expression 
of MITF-M and p16INK4A were 
determined by western blotting in 
WM1382 cells, 72 hours after MITF-
M siRNA treatment. The picture is 
showing two independent 
experiments. The three different 
samples are untreated control (Ctr), 
negative control (NC) siRNA, and 
MITF-M siRNA transfected sample. 
β-actin served as a loading control. 

Figure 3.2.3 Western blot showing 
MITF-M and p16INK4A protein 
expression, 72 hours after MITF-M 
depletion in WM983B cells. The 
figure is representing two 
independent experiments with 
comparable results. The three 
different samples: untreated control 
(Ctr), negative control (NC) siRNA, 
and siRNA targeting MITF (MITF 
siRNA). β-actin was used as loading 
control. 
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3.3 Investigating p16 function upon cell viability and growth rates in 
melanoma cell lines 

3.3.1 Effects of siRNA mediated knockdown of p16INK4A  

In this experiment the WM1382 cell line was used in order to investigate the function 

of p16INK4A depletion upon cell viability and cell growth rates. After p16 siRNA 

transfection, mRNA expression levels of both p16INK4A and p14ARF were determined 

by qPCR to ensure successful and specific knockdown of only p16INK4A (Figure 

3.3.1A). Our data show that p16INK4A expression levels were effectively depleted by 

80-90% compared to negative control (NC) siRNA. Importantly, no down-regulation 

was detected when measuring p14ARF in the same samples. In addition, untreated 

control and NC siRNA showed comparable levels of p16INK4A and p14ARF. To further 

investigate if also the p16INK4A protein levels were depleted, we preformed western 

immunoblotting (Figure 3.3.1B). These results were in agreement with the qPCR data, 

showing effective down-regulation of p16INK4A protein expression after siRNA 

transfection.  

Next, we measured the cell viability by using MTS assay and proliferation 

rates by time-lapse microscopy imaging (IncuCyte) (Figure 3.3.1C-D). Our results 

showed that cell viability was reduced by around 20% in both NC siRNA and p16 

siRNA samples compared to untreated control cells. A comparable result was detected 

when using time-lapse microscopy, showing reduced cell growth that gradually 

increased over time in both siRNA treated samples. After 48 hours of transfection, the 

proliferation rates were lower in the p16 siRNA treated sample compared to the NC 

siRNA sample. However, the highest difference in proliferation rate was detected 

between the untreated control and the siRNA-transfected samples (NC siRNA and 

p16 siRNA). 
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Figure 3.3.1 siRNA mediated p16INK4A depletion in WM1382 cells. A: p16INK4A and p14ARF gene 

expression was determined 72 hours after p16INK4A knockdown by using qPCR. The bars represent the 

mean ± SD values from three replicates. **=p<0.01 (two-tailed student t-test). B: show p16INK4A 

protein expression 72 hours after p16INK4A silencing measured by western blotting. β-actin was used as 

a loading control (n=3). C: cell viability was measured by MTS assay 72 hours after transfection (n=3). 

Untreated control sample used as reference not shown in figure. D: Growth curves were calculated 

from data retrieved from time lapse-microscopy after 200 hours (n=3).  
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3.3.2 Effects of p16INK4A overexpression 

Two melanoma cell lines containing different mRNA levels of p16INK4A were selected 

for mRNA up-regulation experiments. The purpose of overexpressing p16INK4A 

protein in melanoma cells was to investigate a potential effect upon cell viability. The 

melanoma cell line WM938B harbor very high levels of mutated p16INK4A mRNA, 

while WM9 cells possess a very low level of p16INK4A wild type mRNA (see figure 

3.1B). Wild type p16 (hereafter called p16WT) and mutant P81T p16 mRNA (hereafter 

called p16P81T) was transfected into the cells by using Lipofectamine 2000 delivery 

system. In this experiment the samples treated with p16P81T served as a negative 

control. 

Our results show effective delivery of p16 mRNA variants in WM9 cells 

(Figure 3.3.2A) and WM983B cells (Figure 3.3.3A) compared to untreated control 

(used as reference). A sample containing only Lipofectamine 2000 (LF2000) was 

included to assess the potential effect of the transfection reagents alone upon p16 

mRNA expression. The LF2000 treated samples showed comparable results to the 

untreated control samples. After p16 mRNA levels were measured by qPCR we 

validated p16 protein expression by Western blotting shown in figure 3.3.2B (WM9 

cells) and 3.3.3B (WM983B cells). Our results show a significant increase in p16 

protein levels in the p16WT mRNA transfected samples for both cell lines tested. In 

contrast, no detectable levels of p16 were observed in the p16P81T mRNA transfected 

samples in WM9. Of note, a minor p16 protein signal after p16P81T mRNA 

transfection was detected in the WM983B cell line. When measuring cell viability by 

MTS assay (Figure 3.3.2C and 3.3.3C) we observed a decline in cell viability after 

p16 mRNA delivery in both cell lines compared to reference (untreated control 

samples). A significant difference in cell viability between p16WT and p16P81T 

transfected samples was observed in the WM983B cells. When measuring the 

proliferation rates by time-lapse imaging (IncuCyte) in WM9 cells, we observed a 

minor difference between p16WT and p16P81T treated samples. 
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Figure 3.3.2 Two different p16 transcripts (p16WT and p16P81T) were overexpressed in WM9 cells. A: 

normalized p16 gene expression levels were determined 24 and 72 hours after p16 mRNA transfection 

by qPCR. The bars (grey 24 hours, and black after 72 hours) represent the mean ± SD values from 

three replicates. *=p<0.05, ***=p<0.005, and ****=p<0.001 (two-tailed student t-test).  B: p16WT and 

p16P81T protein expression were measured by Western blotting. Detection of α-Tubulin was used as a 

loading control. C: cell viability was measured by MTS assay 72 hours after transfection. The samples 

were normalized against an untreated control not shown (n=3). *=p<0.05 (two-tailed student t-test). D: 

the growth curve is a representative image of three independent experiments with comparable results.  
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Figure 3.3.3 Forced expression of two p16 transcripts (p16WT and p16P81T) in WM983B cells. A: 

normalized p16 mRNA expression was measured using qPCR 24 hours after transfection. The bars 

represent the mean ± SD values from three independent parallels. B: p16 protein expression was 

measured 72 hours after p16 up-regulation by Western blotting. Detection of β-actin was used to 

demonstrate equal protein loading. C: cell viability was measured by MTS assay 72 hours after 

transfection. The samples were normalized against an untreated control not shown. **=p<0.01, 

***=p<0.005 and ****=p<0.001 (two-tailed student t-test). 
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3.3.3 Overexpression of p16INK4A and cell cycle distribution 

In order to investigate if p16 protein can arrest the cell cycle in melanoma we 

transfected cells with p16 mRNA molecules and measured cell cycle distribution by 

flow cytometry. In this experiment we used Hoechst (33342) staining to sort the cells 

based on the DNA volume. The WM9 cell line is wild type for both p16INK4A and 

CDK4, and was therefore selected for 24 and 72 hours co-transfection with p16WT or 

p16P81T mRNA in combination with EGFP (enhanced green fluorescent protein) 

mRNA. EGFP is expressed in all viable transfected cells and served as a marker for 

transfection efficiency (see figure 3.3.4 and table 3.3.5). In this way, the cells could be 

sorted in transfected and non-transfected (hereafter called NT) populations. The NT 

cells were compared to transfected cells for both the p16-transfected groups. The cell 

cycle distribution is represented in Hoechst histograms for both treatments (p16WT 

and p16P81T) and both incubation periods (24 hours figure 3.3.4A and 72 hours figure 

3.3.4C). A graph is included to show the percentage of cells in G0/G1 phase, figure 

3.3.4B and D. The experiment was replicated twice.  

After 24 hours, a 10% increase in G0/G1 arrested cells was observed for the 

p16WT transfected sample, compared to non-transfected cells (WT NT). While an 8% 

difference was measured between p16P81T transfected cells and p16P81T non-

transfected cells (P81T NT). A marginal increase of 2,4% in G0/G1 arrested cells was 

observed for p16WT transfected cells compared to the p16P81T transfected cells. After 

72 hours of transfection, an increase of 6% in G0/G1 arrested cells was observed in 

p16WT transfected cells compared to the p16P81T transfected cells. While a 3% increase 

in G0/G1 arrested cells was observed for transfected p16WT compared with not 

transfected cells (WT NT).  
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Figure 3.3.3 WM9 cells were modulated by co-transfection and stained with Hoechst 33342 to 

estimate the number of cells in the G0/G1 phase measured by flow cytometry. The cells were sorted into 

transfected (p16WT, p16P81T) and not transfected (NT) groups. A: show two Hoechst histograms after 24 

hours of mRNA transfection with p16WT cells in red and p16P81T transfected cells in blue. B: the graph 

shows percentage of cells in G0/G1 phase after 24 hours of transfection. The black bar represents p16WT 

non-transfected cells (WT NT). The dark grey bar shows p16WT transfected cells. The white bar show 

p16P81T non-transfected cells (P81T NT), and the light grey bar represents p16P81T transfected cells. C: 

the two Hoechst histograms show co-transfected cells overexpressing either p16WT (red) or p16P81T 

(blue) mRNA after 72 hours transfection. D: percentage of cells in G0/G1 phase after 72 hours of 

transfection presented in a graph of all sorted cell groups; WT NT (black bar), p16WT (dark grey), P81T 

NT (white bar), and p16P81T (light grey bar). 
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Figure 3.3.4 show representative images (10x magnification) after p16-EGFP co-transfection in WM9 

cells captured by using a fluorescence illuminator microscopy (X-Cite®, Life Science). EGFP was 

used so the cells could be sorted by live/dead transfected and non-transfected groups. Cells that emit 

EGFP were considered viable as the EGFP expression is lost if the cell parishes. The assumption was 

that all cells that pick up the EGFP mRNA also contain p16 mRNA. 

 

Table 3.3.4 Enhanced green fluorescent protein (EGFP) positive cells 

Time Sample GFP positive  

24 hours 
p16WT 53,7% 

P16P81T 47,4% 

72 hours 
p16WT 33,8% 

P16P81T 32,1% 

WM9 cells were sorted by flow cytometry based on EGFP signal. EGFP positive cells were considered 
to be a measurement for mRNA transfection efficiency. 
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4 DISCUSSION 

 

Individuals diagnosed with early stage melanoma (stage I) have a good prognosis, 

with an 80-90% survival rate. Unfortunately, the survival rate declines immensely for 

patients in the later stages [46]. This underlines the importance of finding novel 

biomarkers and efficient screening techniques to identify high-risk melanoma 

subjects. The relationship between the CDKN2A gene and melanoma progression is 

well documented [27, 119, 127, 128]. The CDKN2A gene is deleted in approximately 

50% of sporadic melanomas, and further found to be mutated in 20-40% of all 

melanoma-prone family cases [114, 118]. There are still questions regarding the role 

of CDKN2A in melanoma progression. Why are mutations more commonly shown to 

affect p16INK4A, and why is p16INK4A loss more common in melanoma compared to 

other cancers? Moreover, it is questioned whether p16INK4A tumor suppressor abilities 

extends beyond the pRB/E2F pathway [157-159].  

Another gene considered to be a potential prognosis marker in melanoma is 

MITF-M, this melanocyte-specific transcription factor is reported to regulate a variety 

of genes important in melanoma progression, including cell cycle inhibitors. 

Interestingly, MITF-M has previously been found to activate p16INK4A expression in 

melanocytes [108]. However, less is known about the role of MITF-M in the 

regulation of CDKN2A transcripts (p16INK4A and p14ARF) in melanomas spanning 

different developmental stages and genetic backgrounds. Are there ways to inhibit 

melanoma progression by modulating p16INK4A expression in melanoma patients? In 

this study, we investigated the role of MITF-M upon CDKN2A regulation in 

melanocytes compared to various melanoma cell lines, and the possibility to regulate 

p16INK4A expression with the following downstream evaluation; cell cycle 

progression, cell viability and growth assays. 
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4.1 The role of MITF-M in CDKN2A regulation 

To investigate the role of MITF-M in the regulation of CDKN2A, we initiated our 

study by measuring the levels of MITF-M, p16INK4A and p14ARF mRNA expression in 

an extended melanoma cell line panel. Our results showed that MITF-M expression 

levels varied throughout the cell line panel. The immortalized melanocyte cell lines 

(Hermes 3C and 4C) contained the highest level of MITF-M expression, despite the 

fact that MITF amplification has been reported in 10-20% of all melanomas [101]. 

Previous research by Wellbrock et al 2008, has suggested that low MITF-M 

expression is maintained in BRAF mutated melanoma cell lines compared to 

melanocytes, due to constitutively activated ERK. Additionally, Wellbrock and 

colleagues propose that MITF-M expression is required in melanoma cells to permit 

proliferation and survival by cell cycle regulation through CDK2 and CDK4 [109]. In 

our study, all cell lines regardless of disease stage and mutational background show 

lower MITF-M expression compared to the reference cell line Hermes 3C. Our 

findings also show that five melanoma cell lines in our panel have very low or no 

detectable MITF-M expression (WM1366, WM852, LOXIMVI, A375, WM9). Three 

of these cell lines are BRAF mutated (see table 2.1). Thus, questioning the suggestion 

by Wellbrock et all 2008, in that MITF-M expression is “required downstream of 

oncogene BRAF because it regulates expression of key cell cycle regulatory proteins 

such as CDK2 and CDK4” [109]. In the latter cell lines, cell cycle progression and 

survival is likely to depend on other factors then MITF-M [160].  

When measuring p16INK4A mRNA levels we observed that 10 of 19 cell lines 

lacked p16INK4A expression, while 6 of 19 were missing p14ARF mRNA expression. 

The lack of p16INK4A and p14ARF expression is likely due to gene deletions, as this is a 

common occurrence in melanoma. While examining the mRNA expression patterns 

we were not able to detect any association between MITF-M and the two CDKN2A 

transcripts (p16INK4A and p14ARF). In contrast, a positive association in expression was 

observed between p16INK4A and p14ARF mRNA levels. This is supported by earlier 

published data reporting of a collective transcriptional regulatory domain (RDINK4/ARF) 

upstream of INK4B [130]. However, some exceptions were found, especially in 

WM45.1, WM9, FEMX-I and FEMX-VI. In these cell lines, we measured expression 

of p14ARF mRNA, while p16INK4A expression was lost. Possible explanations for this 
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observed difference could rely on aberrations in the CDKN2A gene that only affect 

the expression of p16INK4A [161], or the presence of a transcription factor that 

activates p14ARF and at the same time inhibits p16INK4A expression. One example of 

such a gene is c-Jun [139, 140]. 

After exploring a possible association between MITF-M and CDKN2A in our 

melanoma cell line panel, we wanted to investigate whether modulation of MITF-M 

levels would affect CDKN2A expression. A previous study suggested that MITF-M 

bind and activate the p16INK4A promoter in melanocytes but not in melanoma cell lines 

[108]. In the current study, we wanted to investigate if this was relevant in a panel of 

melanoma cell lines harboring different alterations in the MAPK pathway. 

Surprisingly, our results are not in correspondence with Loercher et al 2005. When 

analyzing the expression levels of p16INK4A and p14ARF after MITF-M depletion, we 

measured an up-regulation of both p16INK4A and p14ARF mRNA levels compared to 

negative control (NC) siRNA. This was consistent in various stages of the disease, 

from immortalized melanocytes to metastatic melanoma. Furthermore, the up- 

regulation of CDKN2A transcripts also appeared to be independent upon the various 

alterations in the MAPK pathway. An exception was found in the WM983B cell line, 

where no change in p16INK4A mRNA levels was detected. To investigate if the 

changes observed in p16INK4A mRNA levels could be detected at the protein level, 

samples from WM1382 cells and WM983B cells were investigated by Western 

blotting. The result for the WM1382 cell line was comparable; MITF-M depletion 

slightly elevates protein expression of p16INK4A in this cell line. In contrast, we 

detected a down-regulation of p16INK4A in the WM983B cell line. This latter result 

suggests that MITF-M regulates p16INK4A differently between melanoma cell lines. Of 

note, Loercher and colleagues found a MITF binding site in the promoter area of 

p16INK4A, suggesting a direct binding of MITF protein. The mechanism behind the 

changes in CDKN2A expression after MITF-M depletion in our cell lines is currently 

not known and remains to be investigated.   
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4.2 The role of p16INK4A function upon cell cycle, cell viability, and 
growth rates 

Down-regulation of p16INK4A  

p16INK4A is known to be a tumor suppressor with cell cycle-inhibitory functions, we 

therefore aimed to investigate if p16INK4A depletion would affect the cell viability and 

growth rates in melanoma cells harboring a normal (wild type) p16INK4A protein. For 

this experiment we selected the WM1382 cell line, which also has been validated as 

the slowest growing cell line among the melanomas in our cell line panel (based on 

unpublished results from Hovig group, The Norwegian Radium Hospital (OUS). Our 

data showed that p16INK4A depletion by siRNA molecules decreased cell viability by 

approximately 20%. However, this reduction was not specific and was also observed 

in the cells treated with negative control (NC) siRNA. The data from the time-lapse 

microscopy (IncuCyte) were in agreement with the results from the MTS assay, 

showing a decline in growth rate for both p16 siRNA and NC siRNA treated samples. 

The decline was found to be slightly more prominent in cells that received the p16 

siRNA. However, this latter result is not conclusive and need to be further addressed. 

Our data implies that the transfection protocol is the main reason for the decline in 

cell viability and growth rates. In a corresponding study, cell cycle phase distribution 

analysis showed a decrease in G1 phase (81-65%) and an increase of G2 phase (15-

26%) after siRNA mediated p16INK4A knockdown. In the same study a similar result 

was detected when depleting RB, and by optimizing the transfection protocol to 

overcome toxicity issues the cell cycle distribution was not significantly altered 

compared to NC siRNA treated cells [159]. When studying the cell cycle or cell 

viability changes after transient siRNA transfection, there will always be a balance 

between siRNA target efficiency versus toxicity from the transfection protocol. To 

overcome this obstacle, it would be more suitable to use other strategies for gene 

silencing, such as stable transfected cell lines (shRNA technology). 

To our knowledge, at least 14 out of 17 melanoma cell lines in our cell line 

panel have a non-functional p16INK4A/CDK4/RB pathway. This suggests that the 
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pathway is very important in melanoma, and further makes the significance of the 

pathway difficult to study in melanoma cell lines. In our study, we used the WM1382 

cell line which is reported to be CDK4 amplified. CDK4 amplifications may affect the 

inhibitory functions of p16INK4A, and further the outcome of p16INK4A depletion in this 

particular cell line [162]. Of note, we did not detect any obvious morphological 

phenotype changes in the p16 siRNA treated cells compared to NC siRNA-transfected 

cells in the WM1382 cell line. In contrast, siRNA mediated knockdown of MITF in 

the same cell line, showed senescence-like phenotypic features such as cell flattening 

and dendritic shape (see supplementary figure S1).  

 

Overexpressing p16INK4A  

In the current study, forced expression of two different p16 transcripts were 

performed to investigate the effect upon cell cycle distribution, cell viability, and cell 

growth rates in melanoma cells lines. In similar experiments where wild type p16 

mRNA (p16WT) was reintroduced into melanoma cells the downstream effects 

included suppression of cell growth, increased cell cycle G0/G1 arrest, and the 

detection of senescence markers [126, 163]. Our data suggest that the overexpression 

of p16WT by mRNA delivery did not result in any significant change in proliferation 

rates, cell viability, or cell cycle arrest compared to mutant P81T-p16 control 

(p16P81T). Delivery of p16WT mRNA should in theory form p16WT protein that binds 

to CDK4/6 complexes, followed by G1 cell cycle arrest. This is in contrast to p16P81T 

transcripts, which are reported to negatively affect the binding to the CDK4 and 

CDK6 [120, 164]. Therefore, the two distinct p16 transcripts are thought to effect cell 

cycle progression and subsequently cell proliferation differently. On this basis p16P81T 

represents a negative control in this study. We observed that the overexpression of 

both p16 mRNA variants suppressed cell proliferation in melanoma WM9 cells and 

WM983B cells. This implies that the transfection protocol was cytotoxic to the cell 

lines tested, and that further optimization of the transient transfection protocol or 

contraction of stable cell lines is necessary to distinguish the function of p16 wild type 

and p16 aberrations in melanoma cell lines.  
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In our experiments, p16 mRNA delivery of both transcripts was verified by 

the strong up-regulation measured by qPCR. However, p16 protein expression was 

only detected in the samples treated with p16WT mRNA. The lack of p16P81T protein 

expression can be explained by the use of monoclonal antibodies. In an effort to 

eliminate non-specific interactions with other proteins, monoclonal antibodies against 

p16INK4A were used in this study. We believe that this antibody was not able to 

recognize the p16 protein carrying the P81T mutation, as monoclonal antibodies will 

only recognize one epitope on the proteins surface, and can be susceptible to 

conformational alterations of the protein. An alternative explanation for the lack of 

p16P81T protein expression could rely on an error in the p16P81T mRNA sequence, 

resulting in a blockage of translation.  

When investigating whether the two distinct p16 transcripts affected the cell 

cycle distribution differently, we choose the WM9 cell line for further flow cytometry 

experiments. This cell line was chosen as it harbors a p16INK4A/CDK4 wild type 

genotype. Our results could only demonstrate a 6% difference in G0/G1 arrested cells 

when comparing p16WT (77%) and p16P81T (71%) samples. In a corresponding study, 

Jenkins et al. 2013 showed an approximately 20% difference between stably 

transfected fibroblast cells expressing p16WT (70%) versus a the p16 variant carrying 

the P81T mutation (50%) [120]. The effect of transient transfection compared to 

stable transfection upon p16 overexpression is different. In addition, the effect is 

likely to be cell line dependent. To eliminate experimental implications when 

studying cell cycle progression and cell viability, additional controls should be 

included. It is important that this negative control have no regulatory effect upon cell 

cycle progression. An explanation to why the distinct p16 mRNA transcripts are not 

affecting cell cycle progression or cell viability differently can rely on the p16 mRNA 

transcripts. The mRNA transcripts can contain errors after production or be non-

functional due to degradation. Most of our p16 mRNA transfection studies 

demonstrate that the levels of p16P81T mRNA within the cells was consistently higher 

than the levels p16WT mRNA. This difference in mRNA levels needs to be taken into 

account when analyzing the data. The reason for the discrepancy in mRNA levels 

could be due to minor degradation of the mRNA stock tubes. Single stranded mRNA 

molecules are easily degraded and require an RNase free environment. 
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To further study the role of the two p16 transcripts it would be important to 

verify their function by co-precipitation with CDK4/CDK6. This may also reveal 

functional differences between WT and P81T mRNA or indicate if CDK4/CDK6 

carries aberrations preventing successful p16 protein interaction. In addition, the RB 

phosphorylation status after p16 overexpression should be investigated to further 

validate the p16 transcripts and their function. Looking at these latter aspects can help 

to determine the role of p16 protein activity within the p16INK4A/CDK4/RB pathway 

in melanoma cell lines. 

4.3 Methodological considerations 

Transient Transfection  

Transfection is a method to aid delivery of genetic material (DNA or RNA) through 

the cell membrane by the use of an agent called transfection reagent. In general, 

transfection reagents can be divided into two groups; cationic lipids or cationic 

polycations. Cationic lipids such as Lipofectamine 2000 and RNAiMAX are effective 

transfection reagents for the transfer of mRNA and siRNA molecules into the cell. 

However, possible toxicity must be controlled. Even though the toxicity of these 

agents (Lipofectamine 2000 and RNAiMAX) is reported to be limited, the 

transfection protocol may promote unspecific responses that can interfere with cell 

viability. These effects are cell line dependent and some cell lines may also show 

increased proliferation as a result of the transfection procedure. Previously, it has been 

reported that the transfection reagents (cationic lipids) may interfere with the 

functions of the cell membrane [165, 166], and the cells can become more sensitive to 

adverse effects such as immune activation, inflammation and cytotoxicity, thus 

inhibiting cell cycle progression [167]. The differences in the amount of 

oligonucleotide uptake between experiments as well as differences in uptake between 

cell lines can affect the results. In this study, siRNA molecules were used to reduce 

expression of MITF-M and p16INK4A mRNA levels. Gene silencing by the use of 

siRNA molecules will never be 100% efficient, keeping small amounts of targeted 

protein present within the cell. In contrast to modulations at the DNA level (CRISPR) 

where gene expression can be completely abolished. When using siRNA molecules it 
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is important to consider the protein turnover with respect to choosing an appropriate 

transfection time. In addition siRNA molecules have a restricted duration of efficacy 

before they are degraded and/or are diluted into daughter cells. Many of these 

challenges when using siRNA molecules can to some extent be avoided by stably 

transducing cell lines with vectors containing short hairpin RNA (shRNA), a method 

that is also reported to have a lower probability of off-target effects [168]. 

Nevertheless, the use of siRNA molecules and transient transfection was selected in 

this study, based on previously optimized transfection protocols and the ease of use. 

Cell viability 

The MTS One Solution Cell Proliferation Assay from Promega is easy to use, and 

requires only a spectrophometer. The values measured after running a MTS assay are 

often used to assess cell viability, since the amount of formazan color produced are 

proportional to the count of viable cells [169]. However, it is important to recognize 

that the MTS assay measures metabolically active cells, and not cell viability in form 

of the amount of e.g. apoptotic cells. Thus, the difference measured in absorbance 

might not reflect a difference in only proliferation, as senescent cells also are 

metabolically active. Moreover, the MTS assay can be influenced by changes in 

culture conditions such as pH and nutrients (glucose and fatty acid content) [170]. 

Therefore, it is beneficial to compare the results from several cell viability assays to 

strengthen the data. In this study we also investigated cell proliferation rates after 

various treatments by using time-laps microscopy assay (IncuCyte).  

Gene expression measured by qPCR 

qPCR was used to study potential differential gene expression. One of the important 

considerations in this method is the normalization of the results. Reference genes 

correct the variation between the samples and serve as loading control. Choosing 

reference genes that are stable among the samples is therefore important. 

Housekeeping genes TBP and RPLPO were used in this study, as their gene 

expression was not altered by experimental conditions. The Ct values obtained from 

qPCR are the normalized value of the target gene. The normalizer is a mean Ct value 

from the two reference genes.  
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A comparison between different genes in the same conditions using Ct values 

is challenging. In this study the same target genes with the same reference genes (TBP 

and RPLPO) were used on the same samples from different cell lines. These Ct values 

can then be compared as they have the same reference point. To ensure that the 

threshold does not influence the Ct values, the threshold was set at the same point (in 

the gene analysis program, Bio-Rad) where the amplification curves had an 

exponential increase.  
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5 FUTURE PERSPECTIVES 

 

To further investigate the role of MITF upon the CDKN2A gene regulation in 

melanoma, it would be mandatory to investigate the potential binding of MITF 

protein to the INK4A and ARF promoter in various cell backgrounds spanning the 

disease. This could be achieved by running a ChIP-PCR of the relevant promoter. If 

MITF binds to the promoter of p16INK4A and/or p14ARF, it would be interesting to 

mutate the MITF binding site by CRISP. Then, overexpress p16INK4A/p14ARF and 

compare against wild type (non-mutated promoter) for downstream effects such as 

senescence (by using a β-galactosidase assay). Since MITF has been reported to 

activate p16INK4A, and they both have been found to induce senescence (after 

modulation), it is challenging to separate downstream effects from the two genes. We 

find it interesting that depletion of MITF alone and induction of p16 both induces 

senescence, while depletion of MITF has been found to inhibit p16INK4A expression. Is 

MITF using an alternative pathway to induce senescence (p21/p53) or do our results 

make sense (imply that MITF could inhibit p16INK4A expression)? Several questions 

need to be addressed to elucidate the role of MITF and p16INK4A in the senescence 

program. A better understanding of the senescence program could give rise to new 

treatment modalities involving e.g. natural killer (NK) cells that can eliminate 

malignant senescent cells [171]. 
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6 CONCLUSIONS 

 

- Positive association between p16INK4A and p14ARF mRNA expression in an 

extended melanoma cell line panel. 

- MITF-M depletion up-regulates mRNA levels of p16INK4A and p14ARF the 

majority of melanoma cell lines tested. The exception found in the WM983B 

cell line indicates that regulation of p16INK4A and p14ARF expression by MITF-

M is cell line specific. 

- Knockdown of p16INK4A have no specific effect on proliferation rate in 

melanoma cell line WM1382. 

- Overexpression of p16 wild type mRNA have no significant effect on 

proliferation rate, compared to overexpression of p16 P81T mutated mRNA in 

cell lines WM9 and WM983B. 
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7 APPENDIX 

 

Table A1. Cell culturing Producer 

RPMI-1640 medium Sigma@ Life Sciences 
L-alanyl-L-glutamine (Glutamax) Sigma@ Life Sciences 
Fetal Bovine Serum (FBS) Sigma@ Life Sciences 
Culture EasY-flasks Nunc 
6-well plates Nunclon Thermo-fisher 
Trypsin-EDTA Sigma@ Life Sciences 
CountessTM automated cell counter Invitrogen 
CountessTM cell counter chamber slides Invitrogen 
Dimethyl-sulphoxide-hybri-max (DMSO) Sigma@ Life Sciences 
1420 multilable counter victor2 Wallac 
PBS Sigma@ Life Sciences 
96-well plates Corning Costar 
254 medium Gibco Invitrogen 
Phorbol-12-myristate-13-acetate Sigma-Altdich 
Cholera toxin  Sigma-Altdich 
Human stem cell factor (hSCF) Thermo-Fisher 
Endothilin (EDN1) Milipore 
VenorGEM Mycoplasma detection kit Biolabs 
Cell lines Source 
WM35 Coriell Institute (Wistar collection)  
WM1366 Coriell Institute (Wistar collection)  
WM983 Coriell Institute (Wistar collection)  
WM115 Coriell Institute (Wistar collection)  
WM1341 Coriell Institute (Wistar collection)  
FMX-I Norwegian Radium Hospital 
FMX-V Norwegian Radium Hospital 
LOXIMVI Norwegian Radium Hospital 

MEWO 
American Type Culture Collection 
(ATCC)  

WM9 Coriell Institute (Wistar collection)  
WM1382 Coriell Institute (Wistar collection)  
WM239A Coriell Institute (Wistar collection)  
WM45.1 Coriell Institute (Wistar collection)  

SKMEL-28 
American Type Culture Collection 
(ATCC)  

WM266-4 Coriell Institute (Wistar collection)  

A375 
American Type Culture Collection 
(ATCC)  
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WM852 Coriell Institute (Wistar collection)  
Hermes 3C The welcome trust genomic cell bank 
Hermes 4C The welcome trust genomic cell bank 
  

 
Table A2. Transfection Producer 

siRNA MITF Eurogenetic 
siRNA p16 Medprobe 
EGFP mRNA Medprobe 
Lipofectamine RNAiMAX Invitrogen 
Lipofectamine 2000  Invitrogen 
Negative control #1 random sequence Eurogenetic 

 
Table A3.Real time PCR Producer 

NANODROP 2000 Thermo Scientific 
qScriptTM DNA synthesis kit Quanta Biosciences 
Total RNA Miniprep kit Sigma-Aldrich 
Thermo-cycler Gene-amp@ PE Applied Biosystems 
Nucleotide-Perfecta@ super mix Quanta Biosciences 
Real time PCR CFX-connectTM Bio-RAD 
Perfecta TM SYBR@ Green supermix Quanta Biosciences 
CFX manager 3.1 softweare Bio-Rad 

 
Table A4. Western immunoblotting 

Antibodies Dilution Producer 
Anti-β-actin (mouse) 1:10 000 (primary) Sigma-Aldrich 
Anti-α-tubulin (mouse) 1:10 000 (primary) Sigma-Aldrich 
Anti-mouse (rabbit) 1:10 000 (secundary) Daco 
Anti-MITF (mouse) 1:10 00 (primary) Cell signaling 
Anti-p16 (mouse) 1:10 00 (primary) Millipore 
Phosphatase inhibitors 1:100 Sigma-Aldrich 
Sulotion buffers      

Lysis buffer: 

NaCl 150mM 
Tris-HCL pH 7,5 50mM 
NP-40 0,1% (v/v) 
EDTA 1 med mer 
ddH2O Adjust 

TBS-T: 

NaCl (150mM) 5M - 30ml 
Tris-HCL pH 7,5 
(20mM) 1M - 20ml 
Tween-20 (0,1%) 20% - 5ml 
ddH2O Adjust to 1 
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Liter 
 
Table A5. PCR primers (producer IDT) 

Primer target Sequence Direction 

MITF-M 

5'-CATTGT-TAT-GCT-GGA-AAT-GCT-AGA-
3' Forward 
5'-GC-TAA-AGT-GGT-AGA-AAG-GTA-CTG-
C-3' Reverse 

p16v3 
5'-GTCTG-TGA-TTA-CAA-ACC-CCT-TCT-G-
3' Forward 
5’-GTCCC-CTT-GCC-TGG-AAA-GAT-AC-3’ Reverse 

p14 
5’-TCCCA-GTC-TGC-AGT-TAA-GGG-3’ Forward 
5’-TGAAC-CAC-GAA-AAC-CCT-CAG-3’ Reverse 

TBP 
5’-GCCCGA-AAC-GCC-GAA-TAT-3’ Forward 
5’-CGTGGC-TCT-CTT-ATC-CTC-ATG-A-3’ Reverse 

RPLPO 
5’-CGC-TGC-TGA-ACA-TGC-TCA-AC-3’ Forward 
5’-TCG-AAC-ACC-TGC-TGG-ATG-AC-3’ Reverse 

Primer efficiency tests was conducted with the following results: p16v3 95,1%, p14 97,6% and MITF-
M 93,8%. 
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8 SUPPLEMENTARY FIGURES 

 

 

Supplementary figure S1: images (20x magnification) captured by phase contrast microscopy (X-

Cite®, Life Science) after siRNA silencing of MITF in the WM1382 cell line (120 hours). Image A 

represents untreated control, B: negative control (NC siRNA), and C: MITF target siRNA to the right.  

 

 

Supplementary figure S2: the WM1382 cell line were transfected with p16 siRNA and monitored for 

120 hours by time-lapse microscopy (incuCyteZoom). A: untreated control. B: negative control (NC 

siRNA) and C: p16 siRNA.  

 

 

 

   A                                                             B                                                            C 

A                                                             B                                                             C 



 

 

77 

 

 

Supplementary figure S3: show representative growth curves of WM9 and WM1382. Cells were 

monitored for 120 hours by time-lapse microscopy (incuCyteZoom) in two independent experiments. 

The program was set to take contrast images every 3 hours. The incorporated software analyzed the 

phase contrast images, and calculated confluence over time, by measuring the area covered with cells. 

A much higher growth rate was observed for the WM9 cells (grey curve) compared to WM1382 cells 

(black curve). 
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