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Abstract Melanoma is one of the most heterogeneous and
immunogenic forms of cancer. Both tumor and stroma cells
synthesize many cytokines involved in rapid development and
metastasis. One of these cytokines from the tumor milieu is
tumor necrosis factor-alpha (TNF-α), which seems to have an
intricate role in melanomagenesis. Initially, it was found that
TNF-α can induce apoptosis of tumor cells through both ex-
trinsic and intrinsic pathways, in contrast with later studies
that revealed its protumoral activity. TNF-α is involved in
inflammation, inducing the secretion of survival molecules
like antiapoptotic proteins, proangiogenetic factors and metas-
tasis markers. Although there are many therapeutic strategies
against melanoma, the prognosis of advanced stages remains
poor, due to several tumor resistance mechanisms. TNF seems
to be a negative prognostic factor in melanoma surgery and
correlates with chemotherapy resistance. However, high
intratumoral levels of TNF-α might be beneficial for immu-
notherapy. Researchers may redirect their studies in the future
by double activating of the proinflammatory molecule TNF-α
and the immune cells in order to obtain an antitumoral re-
sponse in metastatic melanoma.
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Introduction

The association between inflammation and cancer develop-
ment has been attested for more than 100 years ago, when
Virchow observed the presence of the leukocytes in the tumor
microenvironment. Lately, it was revealed that skin injury
initiates inflammatory remodeling and renewal processes. Per-
sistence of any deregulation of the cytokine/chemokine profile
at the inflammation site may be the onset of various patholo-
gies including cancer [1], since disturbance of these paths may
lead to oncogenesis. The same pathway is involved in
melanomagenesis. Ultraviolet radiation (UVR) from the sun
exposure accounts for developing of 65 % of melanomas
worldwide [2].

Cutaneous melanoma, first described by the French physi-
cian Rene Laennec, is an abnormal proliferation of melano-
cytes. It is the most harmful type of environmental skin cancer
due to its rapid development and metastasis [3]. If diagnosed
early, melanoma can be cured by surgical resection with al-
most 80 % effectiveness. However, once metastases occur, it
is largely refractory to existing therapies, including newly de-
veloped forms of immunotherapy. Median survival time for
patients with stage IV (metastatic) melanoma is approximately
9 months, and 3 years survival rates are less than 15 % [4].

Different molecular pathways are involved in
melanomagenesis: (1) B-Raf (BRAF), one of the most inten-
sively studied protein in melanoma biology, is a member of
the Raf kinase family of growth signal transduction protein
kinases and plays an important role in regulating the mitogen-
activated protein kinase (MAPK) signaling pathway. MAPK
regulates cell division, differentiation, and proliferation [5].
(2) Other deregulated pathways in melanomagenesis are
PI3K-Akt pathway and signal transducer and activator of tran-
scription 3 (STAT3) [6, 7]. (3) Different inflammatory mole-
cules play a critical role in the processes of skin carcinogenesis
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such as nuclear factor kappa B (NF-κB), hypoxia inducible
factor-1 alpha (HIF-1α), cyclooxygenase-2 (COX-2), inter-
leukin 1 (IL-1), and tumor necrosis factor-alpha (TNF-α) [1].

These molecules are involved in malignant conversion, tu-
mor dissemination/metastasis, and angiogenesis. Understand-
ing the interactions between the inflammatory molecules and
the tumor microenvironment may lead to the development of
more effective antimelanoma therapies.

A plethora of therapies against metastatic melanoma have
emerged, including (1) MAPK pathway inhibitors, (2)
anticytotoxic T-lymphocyte-associated antigen-4 (CTLA-4),
and (3) programmed cell death protein 1 (PD-1)/programmed
cell death ligand 1 (PD-L1) pathway blocking antibodies, with
promising perspectives [8, 9]. Different approaches are also
studied: (1) immune key players involved in carcinogenesis,
(2) antiangiogenic therapies, and (3) combined chemotherapy
protocols [10]. Nevertheless, melanoma resistance mecha-
nisms hinder the efficacy of both old and new therapeutic
approaches.

A paradigm in the melanoma development has recently
emerged, the parallel between pregnancy and cancer [4, 11].
Similarities between the mechanisms involved in the
maternal-fetus tolerance and the tumor escape from the host’s
immune cells have been found. Melanoma cells induce the
secretion of sex hormones, corticotropin-releasing hormone
(CRH), and other endocrine products that help the tumor
evade the immune attack. Starting from this, new research
approaches may identify promising targeted therapies against
the immune tolerance in melanoma.

Aberrant production of TNF in pregnancy seems to be
associated with obstetric complications such as recurrent fetal
loss, gestational diabetes mellitus, hypertensive syndromes,
and fetal growth restriction [12]. Since evidence supports an
unusual resemblance between cancer development and preg-
nancy, TNF-α may be an important link between these two
concepts, as it seems to be involved in both of them. Thus,
TNF-α may be in the future one the key of elucidating the
mechanisms of pregnancy and cancer, the bridge between life
and death.

TNF is a pleiotropic cytokine with abundant roles in the
organism. Some of them are synthesized in Table 1. Studies
have located TNF-α as a central inflammatory mediator in
carcinogenesis. Through binding to specific receptors,
TNF-α can induce more than five pathways that end up with
inflammation, apoptosis, proliferation, invasion, angiogene-
sis, metastasis, or morphogenesis. These pathways lead to
contradictory effects: antiapoptotic and proapoptotic [24]
known to be TNF-α dose-dependent, summarized in Fig. 1.
Also, previous studies reported that TNF-α activates apopto-
sis, proliferation, and morphogenesis at the same time, and
only after reaching an equilibrium between these signals,
one of these processes will be instigated [25]. Even though it
is still hard to estimate where the pathologic activity ends and

the beneficial one starts, current studies tried to develop higher
efficiency therapies based on the antitumor activity of TNF-α.
In addition, TNF orchestrates the pathological response in
pregnancy, therefore being a solid bridge between the mecha-
nisms of pregnancy and cancer.

Protumoral mechanisms of TNF-α

TNF-α, also known in literature as cachectin, is a carefully
studied cytokine identified for the first time in 1970s by
Carwell et al. [26]. Although its name implies cytotoxic activ-
ity against cancer cells, abundant data attest TNF-α as a tumor
promoter. Indeed, the proinflammatory effect of TNF-α was
found to be important for the early stages of tumor promotion
[27]. Produced mainly by macrophages and other cells from
the tumor milieu, TNF-α participates in the inflammatory
processes present in cancer development such as proliferation,
enhancing epithelial–mesenchymal transition (EMT), metas-
tasis, and angiogenesis [28]. Besides tumor progression, inva-
sion, and angiogenesis, TNF-α can induce metastasis progres-
sion in melanoma cells by activating the NF-κB [29].

The intricate mechanisms of TNF-α are mainly mediated
through the receptor TNF-receptor 1 (TNFR1) binding, locat-
ed on almost all cells, with the exception of erythrocytes. It
can be activated by both forms of TNF, soluble and
transmembranal. TNF-receptor 2 (TNFR2) plays an accessory
role of regulating the actions of TNFR1 [30]. On one hand,
TNFR1 can induce cell survival by activating NF-κB and the
mitogenic pathway of c-Jun N-terminal kinases (JNK) and, on
the other hand, can induce apoptosis by the recruitment and
activation of caspases [13]. The second mechanism is
discussed in the next part of our review.

The proinflammatory cascade of TNF-α enhances the pro-
duction of different molecules: growth factors, metalloprotein-
ases, prostaglandins, leucotrienes, and inflammatory cyto-
kines involved in cancer progression. The effects of TNF-α
signaling pathway are mainly due to the activation of the pro-
tein complex nuclear factor kappa-light-chain-enhancer of ac-
tivated B cells, also known as NF-κB [31]. NF-κB is respon-
sible for starting the DNA transcription in order to promote the
survival of the cells exposed to different harmful agents.
NF-κB has been positioned as a crossroad between inflamma-
tion and cancer [32]. Thus, TNF-α signaling induces the
NF-κB modulated switch from the proapoptotic to the
antiapoptotic pathway in melanoma development.

TNF-α binding to its receptor TNFR1 starts the recruitment
of two opposite proteins: TNFR-associated death domain-
associated protein (TRADD) and tumor receptor-associated
factor 2 (TRAF-2). Once activated, TRADD and TRAF-2
mediate both apoptosis and cell survival [33]. TRADD can
bind to caspase-8 and initiate cell death, or it can bind to
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TRAF-2 eventually leading to the activation of the IKK com-
plex and NF-κB.

The upregulation of TRAF-2 with consequent NF-κB acti-
vation leads to the transcription of several antiapoptotic mol-
ecules such as the inhibitor of apoptosis (IAP) and caspase-8
(FLICE) the inhibitory protein (c-FLIP) [34, 35].
Antiapoptotic proteins promote cancer cell survival and pro-
liferation. Their inhibition represents a promising target for
oncological therapy.

The NF-κB complex consists of five transcription
factors: RelA/p65, RelB, c-Rel, p50 (NF-κB1/p105 pre-
cursor), and p52 (NF-κB2/p100 precursor) that contain a
Rel homology domain (RHD) in the N-terminal region.
RHD mediates dimerization and DNA binding [36].
NF-κB is maintained in an inactive form by inhibitory
kinases in the cell cytoplasm (IκBα, IκBβ, IκBε) [37].
TNF-α stimulation triggers the secretion of inhibitory
protein of NF-κB kinase (IKK), activating the

inflammatory molecules of the NF-κB complex. There
are two ways of activating the NF-κB: the canonical
and noncanonical pathways, detailed in Fig. 2. Elevated
levels of nuclear canonical and/or noncanonical forms of
NF-κB are present in a variety of cancers [38, 39]. The
loss of p53 function in melanoma and other cancers
releases IKK, with consequent NF-κB activation. There-
fore, the transcriptional induction of IKK might repre-
sent a novel pathway through which the loss of p53
function contributes to tumorigenesis, being another
possible target [40, 41].

BRAF is a mitogen protein, involved in cell survival.
The activating mutation of BRAF is present in more
than 50 % of melanomas [42]. The most common mu-
tation is the substitution of glutamic acid with valine in
the position 600 (V600E). Activation of oncogenic
BRAF leads to signaling via MEK and ERK with con-
sequent excessive cell proliferation and survival [43].

Fig. 1 The vicious circle of TNF-α effects. TNF-α binds to its specific
receptor from the melanoma tumoral cell in order to activate its dual
effects. TNFR is composed of three major subunits TRADD, RIP1, and
TRAF-2. On one hand, this complex can lead to cell death by biding with
FADD, forming the complex II of death and activating the caspases. And
on the other hand, the TNFR complex leads to the activation of the IKK,
with consequent activation of the NF-κB. The result is the upregulation of
the antiapoptotic genes, which encodes antiapoptotic proteins such as c-

FLIP and IAP that counteract specific caspase activation. In
melanomagenesis, it could not be established when the protumor and
antitumor mechanisms of TNF-α begin and end, in order to develop a
suitable therapeutic action. TNFR tumor necrosis factor receptor, TRADD
TNF receptor 1-associated death domain protein, RIP1 receptor-
interacting protein, TRAF2 TNFR-associated factor 2, IAP inhibitor of
apoptosis, c-FLIP caspase-8 (FLICE) inhibitory protein, IKK inhibitory
protein of NF-κB kinase

6592 Tumor Biol. (2015) 36:6589–6602



BRAF inhibitors were shown to trigger increased TNF
secretion from the tumor microenvironment leading to
resistance to therapy [44, 45]. In the future, the associ-
ation of BRAF inhibitors with drugs that target TNF
might be mandatory in order to achieve a stable therapy
response. Mutant BRAF in human melanoma lines indi-
rectly activates NF-κB by upregulating its activators,
inflammatory cytokines like TNF-α and IL-1α/β, as
well as different chemokines [46].

Besides cell survival and proliferation enhanced by
NF-κB, TNF-α also stimulates the secretion of active
matrix metalloproteinase-2 (MMP-2), an enzyme that de-
grades collagen type IV. As basement membrane compo-
nents, type IV collagen and laminin are potential sub-
strates for MMP-2, and activation of a type IV collage-
nase by this cytokine may provide a mechanistic expla-
nation for the role of TNF-α during metastasis and an-
giogenesis [47]. Another effect mediated by TNFR1 sig-
naling is the activation of the JNK cascade [48]. Once
activated, JNK phosphorylates the activator protein 1
(AP-1) transcription factor, leading to transcriptional up-
regulation of the AP-1-responsive genes, such as
granulocyte-macrophage colony-stimulating factor (GM-
CSF), MMP-3, and MMP-9, involved in proliferation,
differentiation, apoptosis, leading to inflammation, angio-
genesis as well as tumor invasion [49].

Signal transducer and activator of transcription (STAT)
proteins are important key players in cancer progression
[50]. STAT3 is constitutively activated in melanoma and

upregulates one of the most proangiogenic factors known as
the vascular endothelial growth factor (VEGF). STAT is also
responsible for the activation of the matrix metalloproteinases
MMP-2 and MMP-9 [51, 52]. Interestingly, increased STAT3
activation can silence Fas activation leading to a TNF-
deregulated proapoptotic response [53]. Other studies re-
vealed that STAT3 constantly maintains NF-κB activation in
different tumors increasing their development [54].

It seems that many proinflammatory molecules and tran-
scription factors act synergistically in order to induce tumor
invasion, progression, and metastasis. TNF-α signaling stands
in the core of many of these inflammatory responses. It is
difficult to establish the intricate pathways of NF-κB and
TNF-α involved in melanoma progression. There are more
than 150 genes governing the NF-κB activation, with
TNF-α being its main enhancer. In this respect, scientists at-
test TNF-α with its key player NF-κB as a double-edged
sword in melanomagenesis.

Melanogenesis

Bes i d e s t h e men t i oned pa t hway s i nvo l v ed i n
melanomagenesis, scientists have lighted melanin as a major
contributor to the aggressiveness of cutaneous melanoma.

Melanogenesis is a complex process in which the melanin
pigment is produced by melanocytes. The skin relies on the
production of melanin to provide photoprotection and thermo-
regulation when exposed to solar radiation [55]. UVR-

Fig. 2 The NF-κB cascade activation. The IKK kinase complex, made of
the three subunits IKKα, IKKβ, and IKKγ (NEMO), is the core of the
NF-κB cascade activation. Inflammatory stimuli such as different
cytokines, bacterial or viral products determine the phosphorylation of
the IκB molecules, the inhibitors of NF-κB, with consequent
polyubiquitination and destruction by the proteasome. The free NF-κB

form, consisted of its two dimmers p50 and p65, enters the nucleus and
activates the process of transcription of a variety of genes participating in
the inflammatory processes. NF-κB nuclear factor kappa-light-chain-
enhancer of activated B cells, IKK inhibitory protein of NF-κB kinase,
IκB inhibitory kinases of NF-κB

Tumor Biol. (2015) 36:6589–6602 6593



induced DNA damage in melanocytes and keratinocytes is
based on an increased ROS and cytokine formation (TNF-α,
IL-1α, IL-6, IL-8, GM-CSF), which inmelanomas contributes
to therapy resistance [56].

The melanogenic pathway depends on tyrosinase, a glyco-
protein enzyme, located in the melanosomal membrane,
which converts L-tyrosine into L-dihydroxyphenilalanine
(L-DOPA) [57]. L-DOPA is oxidized to dopaquinone, further
transformed to leukodopachrome, followed by several
oxidation-reduction reactions that end by eumelanin forma-
tion [58]. Both L-tyrosine and L-DOPA are key hormone-
like regulators that stimulate melanogenesis and also enhance
metastatic capability of melanoma cells [59]. Other melano-
genesis biomarkers are S100-beta (the melanocyte lineage/
differentiation antigen) and melanoma inhibitory activity
(MIA), used as indicators of therapy response and prognostic
in melanoma [60].

Melanocytes, normal and malignant, are a target for the
proopiomelanocortin (POMC)/corticotropin releasing hor-
mone (CRH)-derived neuropeptides: α-melanocyte stimulat-
ing hormone (α-MSH), β-endorphin, and adrenocorticotropic
hormone (ACTH) and also synthetize these peptides. They act
as endocrine, autocrine, and paracrine hormones and bind to
the melanocortin 1 receptor (MC1-R), a member of the family
of G-protein receptors, present on the melanocyte membrane
[3]. Activation of the MC1-R stimulates melanogenesis.

Production of POMC/CRH and expression of the corre-
sponding receptors on the skin cells is upregulated by the
proinflamatory interleukin 1 and UVR exposure. This CRH/
POMC skin system seems to function similarly to the
hypothalamic-pituitary-adrenal axis. Cutaneous POMC pep-
tides neutralize noxious environmental and internal stimuli,
enhance pigmentation, stimulate cell proliferation and differ-
entiation, and decrease immune reactions [61–63]. The gluco-
corticoid hormones, both systemic and secreted by the skin
cells, decrease the immune response and attenuate the local
CRH/POMC system activity. In melanoma, this factors con-
tribute to immune evasion of the tumor cells [63].

MC1-R genetic polymorphisms are in control of ethnic
differences of pigmentation and different responses to UVR
exposure, respectively [64]. The variations in human skin in-
ducible pigmentation by UVR are partially due to the exis-
tence of the redhead/MC1-R allele. Epidemiologically, there is
a strong association between MC1-R loss-of-function allele
and the risk for malignant transformation of epidermal mela-
nocytes, suggesting that MC1-R functions as a melanoma
susceptibility gene [65].

In human melanoma, increased melanogenesis was corre-
lated with increased levels of tyrosinase and MC1-R [66].

ACTH and α-MSH activate the adenylate-cyclase enzyme,
wi th consequen t in t race l lu l a r cyc l i c adenos ine
monophosphate (cAMP) increased levels and the activation
of protein kinase A (PKA). The phosphorylation of cAMP

response element (CREB) by PKA acts as a transcription fac-
tor in genes like microphthalmia-associated transcription fac-
tor (MITF) [67]. MITF regulates the melanocyte develop-
ment, melanosome transport, and the expression of
antiapoptotic B-cell lymphoma-2 (BCL-2) protein [4]. Both
MITF and BCL-2 are important melanoma biomarkers. De-
pending on the tumor stage, MITF has been associated with
both poor and better prognosis of melanoma, while increased
BCL-2 expression was associated with poor prognosis [68].

The melanin pigment acts as a free radical scavenger and
chelates chemotherapeutic agents. This leads to a reduced ef-
ficacy of radiotherapy, photodynamic therapy (PDT), and che-
motherapy in melanoma. Inhibition of melanogenesis [69–71]
by blocking tyrosinase or chelating the copper ions (tyrosinase
cofactor) sensitized melanoma cells to cyclophosphamide and
potentiated immuno-toxic activities of IL-2-activated lympho-
cytes [3, 12]. Addition of L-tyrosine in the melanoma cells’
medium lead to enhanced melanin synthesis and important
changes in the cyto-arhitecture, correlated with more aggres-
sive tumors [5]. In a clinical study on cutaneous melanomas,
metastases were significantly correlated with shorter disease-
free survival and overall survival periods in pigmented com-
pared to amelanotic tumors [72]. Deregulated melanogenesis
and pheomelanogenesis were correlated with increased tumor
growth [73].

Antitumoral mechanisms of TNF-α

TNF-α is among the most interesting and intense studied cy-
tokines over the past 30 years [74]. This proinflammatory
molecule, part of a superfamily composed of 19 ligands and
29 receptors, raised great expectations in developing an anti-
tumor therapy, using its crucial role in apoptosis and necrosis
[75]. Preclinical studies (in vitro and in vivo) proved that the
benefic potential of TNF-α can be achieved only under con-
trolled situations of acute inflammation.

Apoptosis is a two-step natural process of programmed cell
death (PCD) that occurs in multicellular organisms [76, 77].
During the first stage, the nucleus and cytoplasm suffer a
condensation, followed by the fragmentation of the cell. In
the second stage of apoptosis, apoptotic bodies resulted are
shed from epithelial-lined surfaces or phagocytized by other
cells [78]. This essential process involved in normal cell turn-
over can follow an intrinsic or an extrinsic pathway of cell
deletion [13, 79].

When initiating the extrinsic pathway of apoptosis for
those cells which are no longer required or represent a threat
for the organism (tumor cells), activated macrophages, mast
cells, and many other cells (fibroblasts, smooth muscle cells,
and NK cells) secrete TNF-α. TNF-α binds a TNF-receptor
located on the outer side of the membrane. There are two main
receptors that can interact with TNF-α: TNFR1 and TNFR2
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[80]. The difference between the two receptors is not only in
structure (only TNFR1 possesses a death domain) but also in
function. However, there is an important cross talk between
TNFR1 and TNFR2 in cellular signaling via TRAFs.

In order to initiate apoptosis, the membrane-integrated
TNF binds TNFR1, the cytoplasmic death domain (DD) is
activated and binds the adaptor proteins called TRADD and
Fas associated via DD (FADD). This is only possible with the
participation of receptor interacting protein serine-threonine
kinase 1 (RIP1), whose DD is able to link the DD-
containing death receptors (DRs), like TNFR1, Fas, TNF-
related apoptosis-inducing ligand (TRAIL) R1, and TRAIL
R2. FADD activates the caspase-8, which leads to the initia-
tion of the apoptosis cascade [81]. Depending on the cell line,
TNFR1 involvement is enough for inducing caspase-8 at an
adequate level, so that caspase-3 or caspase-7 is activated and
the programmed cell death follows its course. If the amount of
caspase-8 is insufficient, mitochondrial control intervenes and
provides an amplified cell death signal [82].

The intrinsic pathway of apoptosis (mitochondrial apopto-
sis) is possible with the help of proteins of the BCL-2 family
[83]. BCL family of proteins can be divided into proapoptotic
(BCL-2-associated X protein (BAX), BCL-2 antagonist/killer
(BAK), and BH3-only) and antiapoptotic proteins (BCL-2,
BCL-XL, MCL-1, BCL-W, A1) [84]. Common triggers for
the mitochondrial apoptosis are represented by radiation,
DNA damage, cytokine deprivation, or lack of the survival
signal trigger mitochondrial outer membrane permeabilization
(MOMP) and release of cytochrome c. This leads to the acti-
vation of BAX and BAK proapoptotic proteins and further
activation of BH3-only. As a result, antiapoptotic proteins
from the BCL family are blocked and mitochondria suffer a
permeabilization of the outer membrane with the release of
cytochrome c. Cytochrome c binds apoptosis-activated factor
1 (Apaf1) in the cytosol, which determines the blockage of
IAPs and caspase-9 activation. Once activated, caspase-9 me-
diates the activation of caspase-3 and -7; thus, the apoptotic
signaling cascade ends. A brief illustration of the mitochon-
drial pathway is shown in Fig. 3.

Necrosis is a caspase-independent cell death caused by
external or internal factors, especially infections, toxins, ische-
mia, or trauma. Unlike apoptosis, necrosis starts with a deple-
tion of cell energy, which induces metabolic collapse, cell
swelling, and irreversible membrane damage with cell rupture
[85]. Release of the cellular content, including lysosome en-
zymes and other harmful chemicals, causes inflammation in
necrosis [86]. There are two main cascades leading to necro-
sis: via DRs and using toll-like receptors (TLRs) [87].

TNF-α is the bridgehead in necrosis, apoptosis, and prolif-
eration, while FADD is the crossroad molecule between apo-
ptosis and necrosis [88]. Following TNF-α binding to
TNFR1, TRADD and FADD are recruited. This activates
caspase-8-dependent apoptosis. When TRADD binds RIP1

instead of FADD, the necrotic cell death or NF-κB pathway
can be activated. Studies showed that necrosis is within RIP1
control [89, 90]. RIP1, among TNFR1 and TRAF2, forms a
complex at the membrane level, which activates NF-κB and
MAPKs. Activated MAPK affects the mitochondrial integrity
and induces necrosis. In the event of caspase inhibition, ne-
crosis is initiated as a backup pathway for the cell death [91].
TLR is another important cascade, in which TLR3 or 4 can
also trigger necrosis via RIP1 [92].

Clinical aspects

Melanoma derives from the pigment cells, melanocytes. The-
se malignant melanocytes are sustained by a vast tumoral
stroma consisting of fibroblasts, myofibroblasts, and immune
cells such as macrophages, neutrophils, and lymphocytes, re-
sponsible for cancer progression.

Fig. 3 Mitochondrial apoptosis pathway. UV radiation, DNA damage,
and cytokine deprivation lead to the activation of BAX and BAK
proapoptotic proteins and further activation of BH3-only. As a result,
antiapoptotic proteins from the BCL family are blocked and
mitochondrias suffer a permeabilization. Cytochrome c is released from
the outer mitochondrial membrane and binds Apaf1 in the cytosol,
activates caspase-9, and triggers apoptosis. BCL family B-cell
lymphoma-2 family, BAX BCL-2-associated X protein, BAK BCL-2
antagonist/killer, BH3-only proapoptotic effector of the BCL family,
Apaf1 apoptosis-activated factor 1
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Prognosis of late-stage melanoma is very poor; therefore,
early diagnosis and treatment needs to be taken fast into con-
sideration. Several treatment strategies like surgery, chemo-
therapy, radiotherapy, and, more recently, immunotherapy
can be applied, depending on the clinical stage of melanoma.
However, advanced melanoma is capable of developing resis-
tance mechanisms to most of the therapeutic strategies ap-
plied, including immunotherapy [4]; thus, the outcome of ther-
apy is largely disappointing. Melanoma resistance mecha-
nisms to therapy involve the development of intratumoral het-
erogeneity, defined by heterogeneity of melanoma cells and
their behavior, the alterations of the microenvironment, and
the tumor immune evasion [4].

TNF-α has a complex role in melanomagenesis and is re-
sponsible for the tumor response following different oncolog-
ical therapies. In this review, several antimelanoma
therapeutical approaches are taken into consideration in an
effort to establish whether TNF-α might have any influence
in the treatment outcome. Figure 4 emphasizes the impact of
TNF in the most important therapies against melanoma.

Surgery and chemotherapy

Surgery represents the golden standard in the melanoma pa-
tient management. Depending on the loco-regional invasion,
it can usually be applied till stage III [93]. Still, different
markers have been assessed to measure the disease recurrence
risk. A recent study demonstrated that TNFR2 is the most
sensitive marker in relation with the disease progression, be-
ing a poor prognostic marker in high-risk surgically resected
melanomas [94].

BRAF signaling inhibition induces inmelanoma cells a cell
cycle arrest with consequent death through apoptosis, thus
validating BRAF as an important therapeutic target for stop-
ping the progression of advanced melanoma [95]. In 2011,
Chapman and his colleagues conducted a randomized phase
III clinical trial, comparing the BRAF inhibitor vemurafenib
with dacarbazine in stage IIIC/stage IV unresectable melano-
ma. Patients with BRAF-positive mutation who received
vemurafenib had a relative reduction of 63 % in the risk of
death and of 74 % in the risk of tumor progression, which
seemed to be remarkable results [96].

In contradiction with the first successful achievements, it
was demonstrated that BRAF inhibitors may trigger TNF-α
activation of the macrophages from the tumor milieu, further
leading to NF-κB proinflammatory actions and eventually
treatment failure. NF-κB was the critical transcription factor
that blocks apoptosis when BRAF signaling was inhibited
[45]. Still, one recent study revealed that IKK inhibitors can
inhibit the proinflammatory cytokines from the tumor micro-
environment but they cannot be administered alone or in suf-
ficient dosage due to their high toxicity [97]. Thus, it is man-
datory to add in future clinical trials drugs that target both the
tumor and stromal cells. Other chemotherapeutics that are
taken into account in advanced melanoma clinical trials are
VEGF inhibitors [98].

Isolated limb perfusion

Isolated limb perfusion (ILP) is one of the loco-regional ther-
apies in melanoma that uses melphalan (used in USA) or
melphalan + TNF-α (often used in Europe). Themain purpose
of ILP is to deliver a high dose of chemotherapy at a high
temperature, strictly into the blood stream of the affected limb.
Cornett et al. aimed to determine whether TNF-α addition to
melphalan in ILP therapy would bring an improvement in the
overall response [99]. This prospective trial reported not only
the absence of a significant difference between the two treat-
ment strategies but also the increased toxicity because of
TNF-α addition. However, the outcome of a 20-year study
was that a high-dose of TNF-α is able to prolong local control,
without influencing the overall survival [100].

Other studies obtained long-term local control in patients
with metastatic melanoma after ILP with TNF-α plus

Fig. 4 The implications of TNF-α in antimelanoma therapies. The
horizontal axis represents the discovery over time of the most important
therapies against malignant melanoma. The vertical axis highlights the
prognosis of patients after various therapies, associated with the presence
of TNF-α in the tumor. Thus, it can be seen that TNF may adversely
affect surgery, its presence being correlated with a higher recurrence of
cancer. It was also demonstrated that BRAF inhibitors cause increased
levels of TNF with consequent activation of the proinflammatory and
protumoral effects of NF-κB. Thereby, BRAF inhibitors are
recommended as combination with other chemotherapeutic drugs that
lower the protumoral effects of NF-κB, such as IKK inhibitors.
Immunotherapy is a basic weapon against melanoma, since the
discovery of interferon to the use of ipilimumab and inhibitors PD-1/
PDL-1. One can observe the evolution of these agents, both in time and
in terms of improving survival of patients with unresectable melanoma.
IFN interferon, IL-2 interleukin-2, IKK inhibitors IKK, inhibitory protein
of NF-κB kinase inhibitors, IPI ipilimumab, PD-1/PDL-1 inhibitors
programmed cell death protein 1/programmed cell death ligand 1
inhibitors
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melphalan [101]. Studies have revealed three important mol-
ecules capable of inducing both apoptosis and necrosis
(necroptosis), which are TNF-α, TRAIL (or Apo2L), and
CD95 ligand [102]. As CD95L and TNF-α induce severe
adverse effects after systemic application, TRAIL gave anoth-
er hope in developing an antitumor therapy. TRAIL is capable
of inducing necroptosis in tumor cells, without causing toxic-
ity [103]. γ-irradiation and sodium arsenite treatment in-
creased surface TRAIL-receptor 1 and receptor 2 (DR4/
DR5) levels and surface Fas levels, activating apoptosis in
melanoma cells via TRAIL [104]. A promising new option
for cancer therapy using TRAIL-induced necrosis was sug-
gested byVoigt et al. (2014). The study shows that pronecrotic
kinase RIPK-3 is a predictive marker for resistance or suscep-
tibility of tumor cells to TRAIL-induced necrosis, despite
TRAIL-receptor [105]. However, many metastatic tumors
gained resistance to TRAIL-mediated apoptosis, including
late-stage melanoma [106].

Radiotherapy

Radiotherapy in melanoma is associated with poor results.
Currently, there is under investigation a radioinducible
TNF-α promotor (TNFerade) that can be locally injected in
the tumor, thus resembling an antiangiogenic therapy [107]. In
the future, it may have promising results in the radiotherapy
field, not only in advanced melanoma but also in unresectable
esophageal, rectal, and pancreatic cancer. Increased tumor
TNF-α was associated with an increase in endothelium apo-
ptosis; therefore, it improved prognosis [88].

Photodynamic therapy

PDT unveils encouraging results on in vitro and in vivo ex-
perimental models, as well as few clinical reports, suggesting
a possible role in the management of advanced melanoma
[108–111]. PDT is an ideal theoretical approach because it
induces direct tumor cell photodamage, targets tumor vascu-
lature, and activates the immune response. Due to a limited
experience of PDT in melanoma, extensive clinical studies
need to be conducted, using selected photosensitizers and
standard irradiation protocols and also several combination
regimens with chemotherapy or immunotherapy, in order to
obtain an established antitumoral effect [107, 112].

Immunotherapy

Still, after decades of chemotherapy, a new era has emerged,
the immunotherapy of cancer. Immunotherapy stimulates the
patient’s immune system to fight harder and smarter against
the cancer cells. The latest clinical trials involve anti-CTLA-4
and PD-1/PD-L1 pathway blocking antibodies with very
promising future perspectives.

Interferon alpha-2b is the first immunotherapeutic agent,
used since 1995. It is able to inhibit DNA/RNA replication
and stimulate the fight of the immune system against melano-
ma cells. High-dose IFNa-2b was introduced as an adjuvant in
advanced stages of melanoma (IIB, IIC, and III) or recurrent
melanoma. IFN has shown significant progression-free sur-
vival (PFS) and overall survival (OS) improvement, especially
in patients with lymph node involvement [2].

Serum cytokines were analyzed from melanoma patients
treated with IFN and used as biological markers for prognosis.
Surprisingly, IFN has induced significant increase in the con-
centrations of TNF-α, TNF-RII, and multiple other cytokines
[113]. These high levels of proinflammatory molecules were
correlated with significant enhancements in progression-free
survival. PegIFN was approved in 2011 in the treatment of
advanced melanoma. PegIFN has a larger molecule which
ensures prolonged plasma concentrations, allowing one
dose/week, unlike three doses/week of IFN. Studies have
shown remarkable improvement in progression-free survival,
but no benefit in overall survival for patients treated with
PegIFN.

IL-2 was approved as an election treatment for late-stage
melanoma in 1998. High doses of IL-2 stimulate T cells, and
NK cells attack against malignant cells, inducing cytolysis at
the tumor site. Studies on IL-2 biological therapy reported an
increase in TNF-α serum levels after IL-2 interruption, in
patients that showed clinical response [114]. Even though
IL-2 has a higher curative potential than IFN, its administra-
tion is limited by the severe acute toxicity (hypotension, acute
arrhythmias, hepatic dysfunction, vascular leak syndrome)
[115]. Thus, it is mandatory that the patient has a good pul-
monary, heart, and kidney status, before starting IL-2 therapy.
Moreover, clinical practice showed that patients unresponsive
to chemotherapy were unlikely to respond to IL-2. On the
other hand, effective therapy methods, like surgery or chemo-
therapy, were combined with immunotherapy (IFN or IL-2)
for a more powerful antitumor effect. Recent studies have
proved that cytokines combined with antibodies (F8, L19,
FuP) can diminish toxicity and improve the patient survival
[116, 117].

Pretto et al. aimed to demonstrate the efficacy of the com-
bined therapy compared to single-agent therapy [118]. The
comb ina t i on t h e r apy con s i s t e d o f IL -2 - b a s ed
immunocytokines plus a chemotherapeutic drug (dacarbazine
or paclitaxel) or IL-2-based immunocytokines plus TNF-
based immunotherapy on a murine melanoma (K1735M2).
High doses of F8 antibody fused to IL-2 (F8-IL2) focused
selectively at the tumor site and were responsible for decreas-
ing the malignant cell proliferation. Dacarbazine or paclitaxel
administration increased the effect of F8-IL2, without addi-
tional toxicity, but without cure. Furthermore, the combination
F8-IL2 + F8-TNF cured completely two out of four mice via
necrosis after one intratumoral injection.
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Weide et al. analyzed the long-term evolution of 72 mela-
noma patients with injectable metastases [119]. All patients
received high doses of IL-2 intratumoral injections. Thirty
patients had recurrence of unresectable distant metastases
and required chemotherapy afterwards. Intratumoral IL-2
therapy for stage III melanoma patients with cutaneous metas-
tases (without lymph node involvement) and stage IV mela-
noma patients with soft tissue metastases (without visceral
involvement) showed a great improvement of the survival
rate, as well as increased responses to the following
chemotherapy.

In the early 2011, FDA approved the use of ipilimumab, a
specific inhibitor of CTLA-4 antigen that leads to sustained
immune response of the T lymphocytes against melanoma
cells. A phase III randomized clinical trial compared
ipilimumab with glycoprotein (gp) 100 vaccine [8]. Gp100
was combined with IL-2 in order to obtain such an immune
response against cancer [120]. Among 676 patients enrolled in
the clinical trial, 403 received ipilimumab associated with
gp100, 137 received ipilimumab alone, and the last 136 pa-
tients received gp100 alone. It was found that ipilimumab
increased the median overall survival with 10.0 months,
whether administered alone or in combination.

The PD-1 receptor is a negative regulator of the T cells,
silencing their antitumor actions. In 2012, the anti-PD-1 anti-
body lambrolizumab was tested in phase I trials in patients
with advanced melanoma, including those with disease pro-
gression while they had been receiving ipilimumab. Follow-
ing lambrolizumab administration, a high rate of tumor regres-
sion was registered. Clinical trials with both ipilimumab and
the PD-1 antibody nivolimumab revealed promising results
with rapid melanoma regression [121].

Tumor cells use PD-1 and CTLA-4 inhibitory pathways to
decrease the immune cell activity [122, 123]. An effective
immune antitumor response requires not only the activation
of the immune cells but also an increase of their consequent
destructive actions.

An in vivo study on mice bearing B16 melanoma revealed
that regulatory T infiltrating tumor lymphocytes (Treg)
expressed PD-1, CTLA-4, or both markers. Blocking of PD-
1 and CTLA-4 can modulate Treg functions, leading to anti-
tumor responses and tumor rejection [124]. In addition,
blocking PD-1/PDL-1 bond and CTLA-4 triggers the reacti-
vation of the T lymphocytes with increased secretion of cyto-
kines and inflammatory molecules like IFN, IL-2, and TNF-α
with consequent cytotoxic effect. The intratumoral, proinflam-
matory cytokine TNF-α is essential in order to reorient the
lymphocytes against the malignant melanoma cells.

NGR-TNF is a tumor vessel-target peptide conjugate made
of TNF-α fused with CNGRCG, a peptide ligand of CD13
expressed by endothelial cells in tumor vessels. Administra-
tion of NGR-TNF can alter the endothelial barrier function
and facilitate the penetration of the chemotherapeutic drugs

in tumors. Based on these findings, a recent pilot phase I trial
concerning a combination of TNF peptide conjugate and im-
munotherapy revealed promising results, with an ex vivo T
cell response and long-term overall survival [125].

Conclusion

Although the advances in the skin melanoma therapies have
shown great promise, many mutations that induce tumor re-
sistance have also emerged. Thus, the discovery of curative
drugs is probably a miles away journey. It could be possible
however that the key resides in rediscovering old molecules
involved in oncogenesis, particularly melanomagenesis, such
as TNF-α and NF-κB and their intricate mechanisms of ac-
tion, both antiapoptotic and proapoptotic involved in tumor
progression. Thus, it is of paramount importance to establish
when and where these protumor and antitumor mechanisms
begin and end, in order to choose the most suitable therapeutic
action.
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