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Abstract

Background: The Notch signaling pathway and its modulators are directly related to growth, verticalization and
metastasis in melanoma, being a possible therapeutic target for the treatment of this type of cancer. There are
several methods of molecular biology to identify and quantify Notch receptors and it is essential to study them for
understanding the different results, advantages and disadvantages of each.

Main body: The present study brings a bibliographic review on the molecular biology methods used in the
identification and quantification of these molecules, aiming to facilitate research involving Notch receptors in human
melanoma. We identified as main methods of molecular biology Western Blotting, Quantitative real-time polymerase
chain reaction and DNA microarrays. A brief description of these methodologies is made and the advantages and
disadvantages of each are discussed. Results concerning the function of this pathway are also discussed.

Short conclusion: It is known that the activation of Notch receptors is tumorigenic in most cases, however,
depending on the microenvironment, it can provide tumor suppression. The adequate choice and use of the
methodology for identification and quantification of Notch receptors is essential for the progress of knowledge of this
important signaling pathway, which, certainly, will allow advances in the treatment of cutaneous melanoma.
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Background
Notch receptors are integral transmembrane proteins com-
posed of an extracellular Notch domain (ECD), an intra-
cellular Notch domain (ICD) and a single transmembrane
domain that joins the two previous structures. In mammals,
these receptors are expressed by four different genes
(Notch 1–4), originating the respective 4 receptors and re-
spond to justacrine - type signaling of 5 types of ligands,
which are also integral transmembrane proteins (Delta-like
1,3 and 4 - ligands, Jagged-1 and 2) (Yamamoto 2019).

When the Notch receptor binds to one of the 5 ligands,
the receptor is cleaved by the metalloprotease TACE
(Tumor necrosis factor-α-converting enzyme), releasing
the ECD that will be degraded, and by the γ-secretase
complex, which releases the active Notch domain, the
ICD, a transcriptional co-activator that will be directed to
the nucleus by the adapter protein importin-α (Nickoloff
et al. 2003; Kopan 2012; Huenniger et al. 2010).
The canonical Notch signaling pathway involves the

helix-loop-helix transcription factor CSL (recombination
signal binding protein for immunoglobulin kappa J), a
transcriptional repressor that acts as a DNA binding
adapter. The formation of the ICD-CSL complex leads
to the recruitment of several elements of transcriptional
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activation, such as MAML (Mastermind like) and p300,
which will act on the Notch target genes, such as the
HEY and HES genes (Takebe et al. 2014; Oliveira Filho
et al. 2019).
Notch signaling can result in tumor suppression or

oncogenesis. The diversity of signaling results is deter-
mined by the concomitant existence of transcription acti-
vators and repressors in the signaling cascade and by the
context in which the tumor is inserted, which includes
interaction of the Notch pathway with other pathways,
such as protein kinase B (AKT) and mitogen-activated
protein kinase (MAPK) pathways, genetic changes and the
microenvironment in which the tumor is inserted (Takebe
et al. 2014; Ayaz and Osborne 2014; Zeng et al. 2005; Oli-
veira Filho et al. 2019; Reichrath and Reichrath 2020).
Certainly, the Notch signaling pathway is necessary for

normal epithelial development. However, abnormal
Notch signaling has already been associated with devel-
opment, growth, angiogenesis and metastasis in melan-
oma. (Hendrix et al. 2002; Curtin et al. 2005; Garraway
2014; Takebe et al. 2014; Bedogni 2014; Golan et al.
2015; Krepler et al. 2016; Oliveira Filho et al. 2019).
In 2018, according to the International Agency for Re-

search on Cancer, 287,723 new cases of melanoma were
diagnosed and 60,712 deaths occurred due to it, the
most lethal of skin cancers. The Institute estimates a
62% increase in the incidence of melanoma by 2040,
with a possibility of 466,914 new cases that year, and a
74% increase in melanoma mortality, with a possibility
of 105,904 deaths (IARC (a) 2018; IARC (b) 2018).
Among the genetic mutations associated with melanoma

it is the activation of BRAF and N-RAS oncogenes, which
correspond to 81% of the mutations associated with melan-
oma and which are associated with aberrant Notch activa-
tion (Curtin et al. 2005; Garraway 2014; Krepler et al. 2016).
The study and understanding of the Notch signaling path-

way in melanoma is essential, since its manipulation has a
high therapeutic potential for the treatment of melanoma and
other cancers and is directly correlated with the resistance of
tumor cells to drugs (Wang et al. 2010; Liu et al. 2014).
Molecular biology techniques are one of the most used

means to analyze the Notch signaling pathway. In gen-
eral terms, molecular biology techniques are those that
study the interactions of DNA, RNA, protein synthesis
and the regulation of these interactions. There are few
studies that analyze these methods and their results,
none directly related to the evaluation of these method-
ologies in the analysis of Notch signaling in melanoma.
This article makes a bibliographic review on the ways of

identification and quantification of Notch in human cuta-
neous melanoma using molecular biology techniques. We
contrasted and examined different methodologies, analyz-
ing their results to establish the state of knowledge in this
area, with the aim of connecting theory to practice.

Main text
After approval by the Unifesp Research and Ethics Com-
mittee, articles published between 2015 and 2020 that used
molecular biology methods to identify and quantify Notch
receptors in human cutaneous melanoma were searched
and selected in the Medline, Lilacs and Google Scholar da-
tabases, as well as references cited in these articles pub-
lished from the year 2000 onwards. Descriptors used:
Notch; melanoma; molecular biology; Western Blotting;
qRT-PCR and Microarrays. Articles of uveal melanoma
were excluded. Each selected article was summarized, tables
and graphs were built and submitted to a detailed study by
the authors, integrating everyone’s analysis.
Twenty-eight articles were analyzed, with nine different

methodologies for analyzing the expression of Notch re-
ceptors associated with melanoma, in decreasing order of
use: 78.6% (22/28) articles used Western Blotting (WB);
42.8% (12/28) Quantitative real-time polymerase chain re-
action (qRT-PCR); 35.7% (10/28) DNA microarrays
(DMA); 7.1% (2/28) Green Fluorescent Protein in Recom-
binant DNA technique; 3.6% (1/28) Polymerase chain re-
action (PCR); 3.6% (1/28) Semiquantitative polymerase
chain reaction; 3.6% (1/28) Electrophoretic Mobility Shift
Assay; 3.6% (1/28) Chromatin immunoprecipitation and
3.6% (1/28) Northern Blot. One study used PCR Array,
which uses the techniques of qRT-PCR and DMA, so this
work was counted as using both techniques.
Among the Notch receptors, the most analyzed was the

Notch 1 (N1) receptor, explored in 78.6% (22/28) articles,
the only one being explored in 39.3% (11/28) of them and
the main receptor explored in 46,4% (13/28) of them. The
other receptors, Notch 2 (N2), 3 and 4, were analyzed in
53.6% (15/28), 35.7% (10/28) and 35.7% (10/28) of the arti-
cles, respectively; however, they were explored as the main
research recipient in only 17.9% (5/28), 7.1% (2/28) and
10.7% (3/28) of the articles, respectively. The main way to
analyze Notch receptors was in its active form, ICD, which
was used in 62.3% (18/28) of the articles, however, messen-
ger RNA (mRNA), proteins, transmembrane domain, the
Notch coding gene, among other ways, were also used. It is
important to note that the analysis of target genes or Notch
ligands were used in most of the analyzed articles (22/28 or
78.6%) for the analysis of the Notch signaling pathway.
The studies used two means to obtain the melanoma

cells to be subjected to the experiments. They used pre-
established cell lines, with characteristics already known,
which can be purchased or obtained from other re-
searchers, or used material obtained from metastatic and
primary tumors of living human patients through biop-
sies. For primary melanoma, excisional biopsies are best
for histopathological diagnosis (Smith et al. 2020) and
for providing substrate to be used in molecular biology
techniques. For metastatic lesions, core biopsy is suffi-
cient, being a less invasive method (Smith et al. 2020).
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The use of the fine needle aspiration method has already
shown viable results for obtaining human melanoma
cells for culture (Oliveira et al. 2005); however, for diag-
nosis and obtaining of material for analysis by molecular
biology, the core biopsy of the metastatic lesion is more
appropriate.
The characteristics, advantages and disadvantages of

each of the three most used molecular biology methods
(WB, qRT-PCR and DMA) are discussed below.

Western blotting or immunoblotting
Technique for identifying specific proteins, even if not very
abundant, using specific antibodies labeled with radioactive
isotopes, easily detectable enzymes or fluorochromes, after
fractionization of the target protein in polyacrylamide gel
(Alberts et al. 2010; Kurien and Scofield 2015).
The process begins with the separation of proteins by

electrophoresis in polyacrylamide gel. First, the sample is
treated with a negatively charged detergent, usually so-
dium dodecyl sulfate, which causes proteins to turn into
extended polypeptide chains and to shut down from other
proteins or lipids molecules. Other reagents are added to
the sample, some for total separation of the polypeptides
and, finally, a dye is added, so that the bands formed after
electrophoresis are visible to the naked eye. It is important
to quantify the proteins in the sample, since for their effi-
cient separation and for obtaining good results it is essen-
tial to respect the limited capacity of the polyacrylamide
gel to house these polypeptides (Alberts et al. 2010;
Hnasko and Hnasko 2015).
A gel electrophoresis is then performed. Passing an elec-

tric current through the gel, the migration of proteins will
occur. Proteins will separate according to their molecular
mass: the negatively charged detergent binds to proteins
of the same size in the same quantity, which causes them
to migrate at the same speed from the negative to the
positive pole. Larger proteins, despite being subjected to
more intense electrical forces, suffer a greater delay by the
gel, which has the size of their pores adjusted for this pur-
pose, and migrate slowly, so that the bands formed by
them are closer to the negative pole. The migration of
proteins results in the formation of bands whose size will
depend on the quantity of protein it contains. Results will
be spurious if the polypeptide chain has many carbohy-
drates (Alberts et al. 2010; Hnasko and Hnasko 2015).
The next step is known as blotting, when occurs the

transference of proteins from the gel to microporous
membranes, which can be as varied as possible, such as
nitrocellulose paper or nylon membranes. The transfer-
ence to membranes allows some advantages over the gel,
since wet membranes are flexible and easy to handle and
they allow easy access of proteins to different ligands,
multiple transfers from the same gel, longer storage time
and successive analyzes from a single membrane.

Blotting can be done using various techniques, which in-
clude simple diffusion, vacuum suction and electrical
transference (Alberts et al. 2010; Kurien and Scofield
2015).
The membrane is then placed in a solution with the

labeled antibody that will show, if it is present, the pres-
ence of the target protein. There are two methods of
adding antibodies: direct and indirect. In the direct
method, only the labeled antibody is added to the solu-
tion and in the indirect one, after the addition of a spe-
cific non-labeled antibody for the protein, a labeled anti-
specific antibody is added, which will bind to the first
antibody, denouncing the presence of the specific
enzyme-first antibody binding (Cann 2005; Alberts et al.
2010). The indirect method was the most used in the an-
alyzed articles.
For linkage analysis, strategies are used to identify the

component used to label the antibody. This step may re-
quire the use of high-cost laboratory equipment (Alberts
et al. 2010; Gorr and Vogel 2015; Kurien and Scofield
2015), what can be a limiting factor for the use of WB.
Even though it is a widely-used technique, in the ana-

lyzed articles the most used one, and it has a high effi-
ciency, primarily because of its high sensitivity, WB
presents some limitations. The antibodies and laboratory
equipment to analyze antibodies - substrate binding can
be expensive, those antibodies can bind to proteins that
are not the target ones and sometimes they cannot iden-
tify the target protein, because of its extreme variable
nature, for example, they cannot identify denatured pro-
teins. Furthermore, WB requires a high expertise from
the researcher: depending on who performs it, its results
can present an 80% difference. For example, inappropri-
ate blotting can lead to a great inefficiency of the whole
experiment, its efficiency can be increased by the proper
choice of gel’s thickness, membrane type and by other
means; protein quantification must be properly done to
avoid membrane’s pores saturation, what can also com-
promise the results and a proper choice of the detection
and amplification method used at the end of the process
must be done. However, most limitations can be avoided
taking the necessary care so that the technique is per-
formed correctly (Ghosh et al. 2014; Gorr and Vogel
2015; Kurien and Scofield 2015).

Quantitative real-time polymerase chain reaction
qRT-PCR is a technique that allows the amplification
and quantification of specific genetic material, beginning
with the whole cell mRNA population (Williams 2019;
Alberts et al. 2010; Martin 2019).
The method starts with a sample containing the total

mRNA population of the cell or tissue analyzed and
must not contain DNA, which needs to be degraded.
The mRNA is transcribed in complementary DNA
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(cDNA), using the enzyme reverse transcriptase, a pri-
mer and deoxyribonucleotide triphosphates. Then, the
two strands are separated by heating (denaturation),
followed by the addition of the second type of primer,
which will generate the complementary sequence to the
cDNA. Chemical dyes, fluorochromes (TaqMan probe)
or radioisotopes and biotin (hybridization probe) are
added to the reaction, which appear only when bound to
DNA, therefore the need for the initial DNA of the sam-
ple to be eliminated, to avoid errors in quantification
(Freerman et al. 1999; Williams 2019; Alberts et al. 2010;
Hawkins and Guest 2017).
Then the same procedure used in the PCR technique is

proceeded, in which several cycles of denaturation, an-
nealing and elongation are repeated. Each cycle begins
with denaturation by heating the sample, which allows the
strands to separate. Then, in the presence of a large excess
of primers, the annealing is carried out, a cooling of the
sample, which allows the primers to hybridize with the
complementary sequences to be cloned. This mixture is
then incubated with DNA polymerase and desoxyribonu-
cleosides, thus elongation begins: the synthesis of the
cloned DNA begins with the primers and the strand is ex-
tended. In the next cycles, the same process is followed
and, in addition to the genome template, the new DNA
synthesized in the previous PCR cycles will be used as a
template for new clones, so that the process is exponen-
tial. In a few cycles, the product of the cloned fragment
will predominate, all the same length, corresponding to
the distance between the two original primers. The whole
process requires 20 to 30 cycles and lasts a few hours
(Freerman et al. 1999; Alberts et al. 2010).
The real-time quantitative process is based on a direct re-

lationship between the generation speed of the PCR prod-
uct and the original concentration of the mRNA of interest.
For calculation purposes, it is necessary that, along with the
reaction, a control reaction is performed, which allows
knowing data on the efficiency of the process steps (Freer-
man et al. 1999; Alberts et al. 2010; Martin 2019).
qRT-PCR has great advantages over PCR and RT-PCR: it

is more accurate, guarantees the researcher quantitative re-
sults without the need for association with other techniques,
allows analysis of multiple genes from the same sample and
it is less prone to contamination of the sample, since the
whole process takes place in a closed tube that does not
need to be opened after the reaction (Williams 2019).
While WB is mainly used for translational products,

that is, proteins, qRT-PCR is used mainly for transcrip-
tional products, that is, mRNA. After transcription,
mRNA undergoes post-transcriptional modifications and
regulation, whereas proteins undergo post-translational
changes and degradation, which results in different levels
of mRNA and protein of the same gene (Alberts et al.
2010), therefore, the ideal is to use the methodologies

together. The preference for WB relating to qRT-PCR,
probably derived from the fact that WB is cheaper and
allows to evaluate the results of the pathway activity,
proteins, whose levels are already influenced by other
factors adjacent to the context surrounding the cell.
As for the advantages of qRT-PCR relating to DMA, it

is that its quality and dynamic range are much higher
than that of DMA (Williams 2019), however, the tech-
niques can be combined to obtain better results.

DNA microarrays
DMA is a technique that allows the analysis of the dif-
ferential gene expression and copy number variations
(CNVs) of thousands of genes simultaneously, in differ-
ent situations to which the cell can be submitted, besides
allowing the analysis of clusters, that is, the pattern of
joint expression of genes whose products are correlated
with the same specific cell function (Alberts et al. 2010;
Mcinnes et al. 2016).
The technique consists in analyzing slides of glass or

silicone perforated extensively by microarrays: large
quantities of DNA fragments, of known position in the
slide, containing nucleotide sequences that serve as a
probe for a specific gene. These microarrays can be,
among other techniques, prepared from PCR and then
plotted on the slide using robotic printing (Alberts et al.
2010; Harel and Lupski 2017).
First the mRNA of the studied cell is extracted and

converted to cDNA using the enzyme reverse transcript-
ase, then this cDNA is labeled with fluorescent probes.
The sample is then incubated with the microarray. The
cDNAs, derived from the sample mRNAs, which
hybridize with a probe in the array, can be identified as
a product of the specific gene represented by that probe.
Generally, next to the sample, incubation of control
cDNA marked with fluorochromes of another color is
made. CNVs, deletions and duplications, size and known
genes can be identified on chromosomes (Alberts et al.
2010; Zhang et al. 2017; Mcinnes et al. 2016).
The technique is highly sensitive and even allows to

identify such small changes in the expression of genes
that do not cause phenotypic changes in the cell. In
addition, it allows the analysis of thousands of genes
simultaneously; it is automated, with little influence by
the scientist’s ability to develop the technique and its re-
sults have high resolution. However, the technique has
some limitations, for example, it is expensive; the quality
and quantity of mRNAs and tissue samples can interfere
with the results; only available arrangements can be ana-
lyzed, which limits the exploration of the expression pat-
tern of the entire genome. In addition, the quality of the
results depends on the researcher’s ability to analyze the
data generated, which is not perfectly standardized, al-
though many algorithms already exist for its analysis
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(Alberts et al. 2010; Zhang et al. 2017; Harel and Lupski
2017; Russo et al. 2003; Kusuma and Kodabagi 2020).
DMA were used in the studies analyzed mainly to

identify several genetic alterations at once, being able to
evaluate the ones involved in melanoma and those that
occur together with alterations in Notch expression. In
this way, DMA allows the evaluation of the cell’s genetic
material, but not the direct changes that the cellular
context will produce in the Notch pathway. Anyway, the
analysis of altered genes along with altered Notch ex-
pression allows to guide the researcher in which genes
to study to solve the problem-question that he proposes.

Notch signaling pathway results in the analyzed studies
Elevated Notch 1–4 expression was identified in several
cell lines analyzed in different studies (Mikheil et al. 2019;
Hartman et al. 2019; Skarmoutsou et al. 2018; Tang et al.
2019; Hubmann et al. 2017; Lin et al. 2016; Howard et al.
2013; Zhang et al. 2012; Hardy et al. 2010; Huynh et al.
2011; Gast et al. 2010; Jönsson et al. 2007; Hoek et al.
2004; Bedogni et al. 2008). The metastatic strains showed
higher levels of Notch 1 expression than the primary
strains and it was almost imperceptible or null in normal
melanocytes (Golan et al. 2015; Zhang et al. 2012). Notch
1 was also associated with resistance to MAPK inhibitors
(MAPKi) in BRAFV600E melanoma cells, its increased ex-
pression, along with the maximum expression of Notch 3
and 4, was found in cells resistant to MAPKi with reduced
activation of phosphatase and tensin homolog (PTEN)
and increased activation of phosphatidylinositol-3-kinase
(PI3K) (Krepler et al. 2016). However, another study dem-
onstrated reduced Notch 1 levels in BRAFV600E melan-
oma cells resistant to MAPKi and its forced expression led
to the reduction of endothelin 1 (EDN1) expression,
through c-JUN, resulting in apoptosis of resistant cells
(Mikheil et al. 2019).
Elevated levels of Notch 3 and 4 expression were associ-

ated with a more aggressive melanoma phenotype, being
highly elevated in stem-like melanoma cells (MSLC) and in
melanoma cells co-cultured with endothelial cells (Hsu et al.
2017; Lin et al. 2016; Howard et al. 2013; Hardy et al. 2010).
Only in 2 of the 28 studies, Notch receptors acted as

tumor suppressors, in the others it revealed an onco-
genic role (promotion of cell proliferation, metastasis,
angiogenesis and vasculogenic mimicry). Notch’s role as
a tumor suppressor may be one of the reasons why γ-
secretase inhibitors (GSI) are deficient in the treatment
of metastatic melanoma (Rad et al. 2016).
Notch’s role as a tumor suppressor could be identified

by the fact that the forced expression of N1ICD alone is
sufficient to induce apoptosis in mutated BRAFV600E
melanoma cells resistant and not resistant to MAPKi.
Apoptosis occurs by reducing the expression of EDN1, by
c-JUN, induced by Notch 1 (Mikheil et al. 2019). In

addition, Notch 4 has also been described as a tumor sup-
pressor for its role in the mesenchymal-epithelial transi-
tion (MET), which leads to reduced motility, proliferation
and invasive phenotype in melanoma in vitro and reduced
tumorigenicity in vivo (Rad et al. 2016).
The growth, survival and acquisition of more aggressive

tumor phenotype generated by Notch 1 is mediated by
beta-catenin (Balint et al. 2005) and by the MAPK and
PI3K/AKT pathways, which are activated indirectly in an
event dependent on the transcription mediated by the
Notch/MAML cascade (Liu et al. 2006) and, for PI3K/
AKT, also by the positive regulation of neuregulin 1
(NRG1) by Notch1 (Zhang et al. 2012). The inhibition of
Notch 1 and epidermal growth factor receptor (ERBB),
which binds to NRG1, regulated by Notch 1, activating
the AKT pathway, attenuates the signaling of tumor
growth and survival factors AKT and nuclear factor kappa
B, whose subunits p65 and p50 are retained in the cytosol,
what blocks its transcriptional activity and inhibits the
population of cells positive for lysine-specific demethylase
5B, a critical element for the long-term maintenance of
melanoma growth (Zhang et al. 2012; Zhang et al. 2016).
Furthermore, the negative regulation of Notch 1, through
the inhibition of epidermal growth factor like domain 7, is
a mechanism that induces apoptosis and inhibits cell pro-
liferation (Tang et al. 2019).
The high expression of BRAF-activated non-protein

coding RNA (BANCR), characteristic of melanoma, leads
to the inhibition of micro RNA (miR)-204, a negative
regulator of Notch 2, what results in the activation of
this receptor. This BANCR/miR-204/Notch2 axis inter-
mediates cell proliferation, tumor progression, invasive-
ness capability and protection against apoptosis (Cai
et al. 2017).
The expression of miR-146a inhibits the expression of

NUMB (repressor of the Notch signaling pathway), in-
creasing the expression of Notch. MiR-146a is highly
regulated by oncogenic BRAF and N-RAS. Inhibition of
miR-146a results in reduced proliferation and tumor for-
mation in melanoma, probably due to the consequent
Notch inhibition (Forloni et al. 2014).
Notch 3 and 4 receptors still act on oncogenesis by

promoting angiogenesis and vasculogenic mimicry
(VM). Notch3, intermediates cell-cell contact between
endothelial and melanoma cells, which can lead to the
induction of the MSLC phenotype (highly resistant),
angiogenesis and VM (Hsu et al. 2017). Notch 4 has also
been identified as a promoter of angiogenesis and VM
both in MSLCs and in human cutaneous melanoma cells
(Lin et al. 2016; Hardy et al. 2010).
In addition, Notch receptors have been associated with

the epithelial-mesenchymal transition (EMT) of cells, which
gives them greater mobility and invasive capacity. Notch4
(+) MSLCs trigger EMT in melanoma cells, with increased
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expression of Twist-related protein 1, vascular endothelial
cadherin and reduced expression of epithelial cadherin, in-
ducing metastasis (Lin et al. 2016; Hoek et al. 2004).
The contact of melanoma cells with differentiated ker-

atinocytes activates Notch signaling. The translocation
of ICD to the nucleus results in the removal of the indu-
cing transcription factor (MITF)/CSL repressor from the
miR-222/221 promoter, whose expression allows the ac-
quisition of the invasion capacity, which does not de-
pend exclusively on genetic alterations, but also on the
microenvironment in which the melanoma is inserted,
activating Notch signaling (Golan et al. 2015).
Opposite roles of Notch signaling, such as promoting

both EMT and MET, being oncogenic and a tumor sup-
pressor, being associated with resistance and sensitivity
to MAPKi, among other contrasts that affect the results
of Notch signaling, depend on several factors, among
which are the tumor’s microenvironment, genetic factors
associated with different melanoma cell lines and inter-
action of Notch signaling with other signaling pathways.
As for the microenvironment, the interaction of endo-

thelial and melanoma cells and melanoma and keratino-
cyte cells produce different effects on Notch signaling, as
previously described (Hsu et al. 2017; Golan et al. 2015;
Howard et al. 2013). In addition, hypoxia also contrib-
utes to melanoma oncogenesis, as it stabilizes hypoxia
inducible factor-1α, increasing levels of Notch1 (Bedogni
et al. 2008).
Each tumor is affected by major and most common

somatic genetic changes, such as changes in Notch, BRAF,
N-RAS, ERBB, MITF, carotenoid cleavage dioxygenase 1,
murine double minute 2, PTEN; and by specific genetic
changes, which can produce different results in Notch sig-
naling in each cell line (Gast et al. 2010; Jönsson et al.
2007). For example, the NOTCH2F1209V and
NOTCH2N2002S variants have opposite activity: HES1 ex-
pression was significantly lower in cells with the F1209V
variant and significantly higher in cells with the N2002S
variant, what can produce significant phenotypic differ-
ences in the cell (Hartman et al. 2019).
Genetic differences in each stage of development of

melanoma (radial, vertical and metastatic) produce dif-
ferent results in Notch signaling. The role of Notch 1
was identified as stage specific, predominating in pri-
mary melanomas, mainly in the phase of vertical growth,
leading the melanoma to a more aggressive phenotype,
acquiring metastatic ability. Despite being present in
higher concentrations in metastatic melanoma cells, as
mentioned earlier, Notch 1 does not alter cell morpho-
genesis or proliferation at this stage (Liu et al. 2006; Balint
et al. 2005; Golan et al. 2015). In addition, melanoma cells
co-cultured with endothelial cells showed different
changes in Notch 3 modulation, higher in melanoma cells
in the vertical growth phase and lower in those in radial

phase. Although all metastatic melanoma cells have in-
creased Notch 3 mRNA expression, the increase was more
expressive in cells in the vertical phase (Howard et al.
2013). Overexpression of mutated BRAF resulted in re-
duced expression of ICD and HES1 proteins only in meta-
static melanoma cells, reinforcing Notch’s specific stage
role (Maddodi et al. 2010).
Considering that Notch 3 expression is higher in vertical

phase, high levels of Notch 3 can be considered evidence
of a worse prognosis in patients with melanoma (Howard
et al. 2013). Still on the prognosis, another study showed
that high levels of HES1 and delta-like 3 ligand expression,
components of Notch signaling, are significantly associ-
ated with reduced post-recurrence melanoma survival
(Huynh et al. 2011). Forkhead box protein P3 (FOXP3)
has also been described as a marker of aggression and me-
tastasis and it is regulated by Notch 1 in two ways: directly
raising FOXP3 transcription and cooperatively with TGF-
B1, which is also responsible for increasing Notch 1 ex-
pression (Skarmoutsou et al. 2018).
Notch interactions with other pathways producing differ-

ent results have already been described. It is also worth not-
ing that Notch 4 in aggressive cell lines is a positive
regulator of Nodal, which is partly responsible for VM and
independent anchorage growth produced by Notch 4 in
melanoma (Hardy et al. 2010). Another important inter-
action is the regulation of the Notch pathway by BRN2,
pathway activator, and by MITF, pathway repressor; high
levels of MITF can reduce the expression of BRN2, redu-
cing the expression of Notch (Thurber et al. 2011).
Rad and collaborators attest that GSI has not been

showing efficient results, what may be related to Notch’s
role as a tumor suppressor (Rad et al. 2016). Studies
using GSI have shown a reduction in Notch signaling,
but the success in tumor suppression, however,
depended on other factors associated with the context in
which the melanoma cells analyzed were inserted. In
studies that used the GSI RO4929097, there was a re-
duction in the capacity of cell proliferation and invasion
and in Notch expression levels (Nair et al. 2013; Huynh
et al. 2011). However, only cells with wild PTEN showed
induction of senescence and apoptosis, with wild PTEN
being an important sensitivity factor for this GSI (Nair
et al. 2013). Yet, GSI Dibenzazepine together with Lapa-
tib (tyrosine kinase inhibitor that inhibits ERBB3/2), in
cells with mutated BRAF and N-RAS, reduced cell via-
bility by 90%, hindering tumor growth and inducing
apoptosis of melanoma cells (Zhang et al. 2016).
Other studies have evaluated the efficiency of drugs,

not previously characterized as GSIs. Gliotoxin could in-
duce apoptosis, reduced tumor volume and prevented
the formation of the N2ICD-DNA complex, being consid-
ered more efficient than GSI DAPT (Hubmann et al.
2017). Phospholipase A2 derived from the Daboia
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siamensis venom (dssPLA2) demonstrated cytotoxicity
in melanoma cells, with increased apoptosis, reduced
migration capacity and, after 72 h, reduced Notch1
levels, which was associated with the induction of death
and cell damage caused by dssPLA2 (Khunsap et al.
2016). Finally, the natural biphenolic compound Hoko-
niol (HNK) reduced levels of N1ICD and N2ICD expres-
sion, by inhibiting the expression of TACE and γ-
secretase complexes, thus reduced proliferation, viability,
clonogenicity and induced autophagy, but not apoptosis,
were observed in melanoma cells. In addition, HNK was
a potent inhibitor of MSCLs (Kaushik et al. 2015).

Conclusion
The study and understanding of Notch signaling in mel-
anoma is essential, since manipulation of the pathway
has high therapeutic potential for treating melanoma
and other cancers and since Notch is directly associated
with tumor cell resistance to drugs (Wang et al. 2010;
Liu et al. 2014).
Notch is directly related to melanoma, either as a

tumor suppressor (rarely) or promoter. Divergent results
in the studies demonstrate the complexity of this type of
skin cancer, which is not strictly determined by the
Notch signaling pathway, and depends on the context in
which the cells are inserted, such as the tumor micro-
environment, genetic factors associated with melanoma
and pathways that interact with each other. Knowing
that, it can be inferred that each patient’s tumor genetics
and specific conditions can be analyzed and used as an
important tool to choose the most suitable treatment for
each individual, aiming better results.
Given the opposition between Notch signaling results,

depending on the context in which the cell is inserted, it
is necessary to use extremely reliable methods for its
quantitative and qualitative analysis by molecular biol-
ogy, to avoid that results contrary to those of previously
published studies are just the result of error in the exe-
cution of the methodology and ensure that they are a
new way in which the Notch pathway acts on melanoma,
in variable contexts. Therefore, it is essential that experi-
mental studies are carried out to compare the efficiency
of the different molecular biology methods in the ana-
lysis of Notch in melanoma, focusing on the 3 main
methods used: WB, qRT-PCR and DMA.
The choice of the methodology to be used depends on

the objectives and possibilities of the researchers. How-
ever, the joint use of several methodologies can guaran-
tee more reliable and reproducible results.
According to the results of our review, WB seems to

be the most proper molecular biology technique to be
used to analyze the Notch signaling pathway in melan-
oma, and to test therapies’ influence on it. Besides the
fact it was the primarily mean chosen by researches to

analyze Notch on their studies, WB allows the analysis
of proteins, which are the result of the pathway activity,
revealing any influences on the final product of the gene.
Messengers RNA undergo post-transcriptional modifica-
tions thus, the analysis of proteins, using WB, should be
the most adequate to analyzes all the medium’s and
therapeutics’ influence on the cell, acknowledging post-
transcriptional and post-translational changes, that can
alter the results of the modulation of the Notch signaling
pathway in the melanoma.
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