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Abstract. Nuclear factor (NF)-κB is one of the most impor-
tant transcription factors that plays a crucial role in the 
regulation of a wide spectrum of genes involved in modulating 
the cell cycle, apoptosis, cell growth, angiogenesis, inflam-
mation and the tissue invasiveness of highly malignant cells. 
NF-κB activity has been found to be constitutively elevated 
in a number of human tumors from either a haematological 
or solid origin, such as melanomas. In several studies, NF-κB 
activation was shown to be an adverse prognostic factor, 
and in melanoma it was proposed as an event that promotes 
tumor progression. This study aimed to evaluate whether 
NF-κB activation in tumor tissues, assessed by the expression 
of the NF-κB p65 subunit, has an effect on the survival of 
melanoma patients. The expression of NF-κB was immu-
nohistochemically investigated, and the correlation with 
survival was analyzed. Furthermore, the immunostaining for 
p53 and survivin was evaluated, and the relationship of these 
apoptotic and anti-apoptotic factors with NF-κB expression 
was analyzed. Kaplan-Meier analysis showed that patients 
with low levels of NF-κB in the nuclei of tumor cells had a 
significantly longer survival compared to those with high 
levels. Multivariate analysis confirmed the predictive value of 
nuclear NF-κB, showing that its expression maintains signifi-
cance after the model was adjusted using clinicopathological 
factors. The results demonstrate the correlation of NF-κB 
p65 nuclear staining with the disease-specific 5-year survival 
of melanoma patients and suggest that nuclear NF-κB p65 
may be promising as an early independent prognostic factor in 
patients with primary cutaneous melanoma.

Introduction

Nuclear factor (NF)-κB is one of the most important tran-
scription factors that plays an essential role in the regulation 
of the expression and function of a wide spectrum of genes 
involved in the modulation of the cell cycle, apoptosis, cell 
growth, angiogenesis, inflammation and tissue invasiveness 
of highly malignant cells (1-3). NF-κB is a homodimeric or 
heterodimeric complex comprising proteins of the Rel-family: 
p65 (RelA), RelB, c-Rel, p50 (NF-κB1) and p52 (NF-κB2), all 
of which contain a Rel homology domain in the N-terminal 
region that mediates dimerization and DNA binding (4). The 
most commonly detected dimers are p65/p50, p65/p65 and 
p50/p50. Due to the presence of a strong transcriptional acti-
vation domain, p65 is responsible for the majority of NF-κB 
transcriptional activity (5). Moreover, the p65/p50 heterodimer 
comprises the major activated form of NF-κB in numerous cell 
types (4). NF-κB proteins are expressed in most cells, but are 
normally sequestered in the cytoplasm through binding with 
the inhibitors of NF-κBs (IκBs) (6). A number of pathways 
of cell stimulation, such as pro-inflammatory, mutagenic and 
pro-apoptotic stimuli, lead to the activation of the IκB kinase 
complex which phosphorylates the IκBs, targeting them 
for ubiquitination and degradation by the 26S proteosome 
according to the canonical NF-κB signal transduction pathway 
(7,8). The released and activated NF-κB complexes are then 
free to translocate into the nucleus and engage transcriptional 
programs, binding to the consensus enhancer sequence on the 
promoters of target genes.

The activation of NF-κB, usually assessed by the pres-
ence of nuclear p65, has been observed in a number of human 
tumors from either a haematological or solid origin, such as 
melanomas (1). Enhanced nuclear translocation of p65/p50 
was found in melanoma cell lines in comparison to normal 
melanocytes (2). Moreover, other in vitro and in vivo studies 
have shown that NF-κB activity is up-regulated in dysplastic 
nevi and lesions of human melanoma when compared to 
human nevi or melanocytes in normal skin (9-11). Largely due 
to the central role that NF-κB plays in suppressing apoptosis 
(7), NF-κB activation appears to promote melanoma progres-
sion (12-14). The anti-apoptotic mechanisms are essentially 
based on the ability of NF-κB to activate the transcription of 
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genes that are able to suppress cell death, such as survivin (2), 
thus allowing the escape of tumor cells from apoptosis and 
enhancing their metastatic potential.

Survivin is a member of the inhibitor of apoptosis protein 
family (15), undetectable in most differentiated normal tissues, 
but strongly expressed in embryonic and fetal organs. It is 
implicated in cell division, prevention of apoptosis, cellular 
stress response and checkpoint mechanisms of genomic integ-
rity (16). It is overexpressed in many human malignancies, 
and such overexpression is associated with poor prognosis 
(17-19). Transcription of the survivin gene is inhibited by 
the p53 tumor suppressor (20), essential in the regulation of 
cellular response to DNA damage. p53 regulates the expres-
sion of various genes that contribute to cell cycle arrest, DNA 
repair or apoptosis (21-26). Mutations of p53 occur in approxi-
mately 50% of cancer types and are generally associated with 
a worse prognosis as well as a higher resistance to treatment 
(27). Loss or mutation of p53, in addition to being a possible 
mechanism responsible for survivin overexpression, appears 
to directly or indirectly lead to NF-κB activation in melanoma 
cells (4,28-30).

In this study, the expression of NF-κB, survivin and p53 
was immunohistochemically investigated, and the relationship 
among these factors was analyzed in primary cutaneous mela-
noma. Since further improvements in melanoma prognosis 
are likely to come from the development of novel molecular 
markers, the study aimed to evaluate the prognostic prediction 
of melanoma by NF-κB expression. The correlation between 
NF-κB expression and clinicopathological factors of patients 
was also examined.

Materials and methods

Samples. Archival tissue blocks of sporadic primary cuta-
neous melanoma were obtained from 70 patients. The patients 
underwent observation at the Oncologic Hospital ‘Businco’, 
Cagliari, Italy, and at the Department of Pathology, Cancer 
Center of Solca, Cuenca, Ecuador, between November 1995 
and April 2008, and were selected for further study according 
to the following criteria: melanoma with vertical growth phase 
and complete clinical data including follow-up until July 2009. 
Lymph node status and the presence of metastases were veri-
fied by a clinical and pathological examination. This study 
included a total of 70 stage I-IV melanoma patients, whose 
clinicopathological characteristics are shown in Table  I. The 
patients included 30 men and 40 women, ranging in age from 
12 to 100 years (median 68). The anatomic location of the 
primary tumor included 18 tumors located in the head and 
neck, 13 in the trunk, 8 in the upper extremities and 31 in 
the lower extremities. According to Clark's classification (31), 
4 tumors were level II, 11 level III, 23 level IV and 32 level V. 
According to the American Joint Committee on Cancer 
(AJCC) staging system (32), 51 tumors were stages I-II and 19 
were stages III-IV. Regarding tumor thickness, 17 tumors were 
classified as T1-T2 and 53 as T3-T4.

Following surgical resection, each tumor was fixed in 
formalin and completely embedded in multiple paraffin 
blocks. The sections removed from the block with the largest 
tumor thickness were evaluated. Tumoral areas were identified 
on haematoxylin and eosin-stained sections and on adjacent 

sections immunohistochemically stained for melanoma-
associated antigens, including S-100 protein, melan A and 
HMB-45. An independent histopathological analysis was 
performed by two pathologists (M.P. and J.U.) on separate 
occasions. The study protocol was approved by the Research 
Ethics Committee of our institutions, and informed consent 
was obtained from all of the patients involved in the study.

Immunohistochemistry. Serial microtome sections (5-µm) 
were treated for the immunohistochemical demonstration of 
NF-κB (p65), survivin, p53 and melanoma-associated antigens 
S-100, melan A and HMB-45, using the alkaline phosphatase-
streptavidin method.

Antigen retrieval was performed by heating at 95˚C for 
40  min in 10 mM citrate buffer solution (pH 6.0), followed 
by gradual cooling for 20 min for the demonstration of 
NF-κB (p65), survivin, p53 and melan A, and by immer-
sion in 0.1% trypsin solution in phosphate-buffered saline at 
37˚C for 5 or 10 min for the S-100 protein and the HMB-45 
antigen, respectively. Non-specific binding was blocked with 
10% normal goat or normal horse serum for 45 min. Mouse 
monoclonal antibodies to human p65 (clone F-6, 1:100 
dilution; Santa Cruz Biotechnology Inc., Santa Cruz, CA, 
USA), to human p53 (clone DO-7, 1:50 dilution; Dakopatts, 
Glostrup, Denmark), to human melan A (clone A103, 1:100 
dilution; Dakopatts) and to human HMB-45 (clone HMB-45, 
1:100 dilution; Dakopatts), rabbit polyclonal antibodies to 
recombinant human survivin protein (1:2,000 dilution; Novus 
Biologicals, Littleton, CO, USA) and to bovine S-100 protein 
(1:1,000 dilution; Dakopatts) were used as primary antisera. 
Biotinylated anti-mouse and anti-rabbit immunoglobulins G 
(1:800 and 1:200 dilution, respectively; Vector Laboratories, 
Burlingame, CA, USA) were used as secondary antisera. 
The sections were further incubated in alkaline phosphatase-
streptavidin (1:1,000 dilution; Vector Laboratories) for 30 min 
at room temperature, reacted with Fast Red Substrate System 
(Dakopatts) and counterstained with Mayer's haematoxylin. 
Sections from human prostate gland were used as positive 
controls for NF-κB, sections of rat testis as positive controls 
for survivin and sections of melanoma strongly expressing p53 
as positive controls for p53. Negative controls were established 
by replacing the primary antibodies with normal serum.

Evaluation of immunoreactivity. To identify and count tumor 
cells positive for NF-κB in the nucleus, cytoplasm or both, 
the entire tumor of each case was microscopically examined 
through x200 magnification fields with a 144-intersection 
point square reticulum (0.78 mm2) inserted in the eyepiece. 
The average of these counts per field was considered. Similarly, 
adjacent sections from the same samples were evaluated for 
survivin and p53 immunoreactivity.

The results were stratified according to a staining score 
that considered the percentage of positive cells as well as 
the staining intensity. Cases in which NF-κB cytoplasmic 
staining was detected in >10% of tumor cells with a moderate/
strong staining intensity were considered to show NF-κB 
overexpression in the cytoplasm. Regarding NF-κB nuclear 
staining, >5% positive cells were used with staining intensity 
from weak to strong as a cut-off, indicating NF-κB nuclear 
immunopositivity. The samples were scored as positive for 
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the expression of survivin or p53 when >10% of tumor cells 
showed a moderate/strong staining intensity; otherwise, the 
samples were scored as negative.

Statistical analysis. Data were computed with the Statistical 
Package for the Social Sciences (SPSS) 15.0 software. 
Correlations between NF-κB, survivin and p53 expres-
sion, and that of NF-κB expression with clinicopathological 
parameters of stages I-IV melanoma patients were assessed by 
Fisher's exact or Pearson's χ2 test.

Overall survival of patients with stages I and II melanoma 
(51 samples) was calculated from the date of histological 
diagnosis to the date the patients succumbed to melanoma 
or the last follow-up, until July 2009. Data on patients who 
succumbed to other causes were censored at the time of 
death. Survival curves were obtained using the Kaplan-Meier 
method, and comparisons were made using the log-rank test 
and adjusted for specific prognostic factors. The 95% confi-
dence intervals (95% CI) for survival were calculated and 
reported. Multivariate analysis was performed using the Cox 
proportional hazard model. The tests used were two-sided. 
Differences were considered statistically significant at P≤0.05.

Results

Immunohistochemistry. Immunoreactivity for NF-κB was 
observed in the nuclear and cytoplasmic compartment of the 
tumor cells, with nuclear staining localized in a small amount 
of cells with respect to cytoplasmic staining. The immunos-

taining pattern in the nuclei and cytoplasm was heterogeneous, 
with the cell clusters showing a stronger staining intensity than 
other cells in some cases since in other samples positive cells 
were homogeneously distributed throughout the tumor with 
an intense immunostaining. In normal epidermis, NF-κB was 
expressed in a cytoplasmic as opposed to a nuclear pattern. In 
some cases, the percentage of positive cells decreased from 
the edge towards the central area of tumor nodules. A total 
of 29% of the samples showed immunoreactivity for NF-κB 
in the nuclei, and 54% exhibited NF-κB overexpression in 
the cytoplasm of tumor cells. An intense immunoreactivity 
adjacent to the nucleus, leaning against the nuclear envelope, 
was observed in a number of tumors (46%). A total of 50% of 
the samples showed this staining and/or the immunoreaction 
localized inside the nucleus and were scored as positive for 
nuclear NF-κB (Fig. 1).

p53 expression, restricted to the nuclei of tumor cells, was 
found in 63% of cases. p53-positive cells were distributed 
homogeneously within the tumor with a staining intensity 
from moderate to strong. Positive cells were also observable 
in the basal epidermal layers (Fig. 2A).

Survivin immunoreaction was found in the nucleus and 
cytoplasm, with the nuclear staining being more intense. 
Survivin immunopositivity was noted in 59% of the cases in 
nuclear and/or cytoplasmic staining with positive cells distrib-
uted homogeneously throughout the tumor in some cases or 
with a heterogeneous staining pattern in other cases. A number 
of mitotic figures were intensely stained, and the epidermis 
surrounding the tumor also showed survivin-positive cells 
(Fig. 2B).

Statistical analysis. Positive immunoreactivity for NF-κB in 
the nuclei or cytoplasm of tumor cells was more frequent in 
cases positive for p53 and survivin. When analyzed by Fisher's 
exact test, NF-κB positivity in the nuclei was significantly 
associated with p53 overexpression in tumor cells (P=0.025), 
but not with survivin immunoreactivity (P>0.05). Although 
tumors with NF-κB overexpression in the cytoplasm were 
positive for p53 and survivin, the differences were not statisti-
cally significant (P>0.05). When a combined nuclear and 
cytoplasmic NF-κB staining was evaluated, i.e., tumor cells 
were considered positive if they exhibited nuclear and/or a 
cytoplasmic immunoreaction, total NF-κB showed a statistical 
association with p53 (P=0.004) and survivin overexpression 
(P=0.045). Table II shows NF-κB expression in relation to p53 
and survivin.

Kaplan-Meier univariate analysis showed that patients 
with low levels of NF-κB in the nuclei of tumor cells 
(nuclear NF-κB-negative) had a significantly longer survival 
compared to those with high levels (nuclear NF-κB-positive) 
(P=0.004; Fig. 3). The Kaplan-Meier estimates of overall 
survival probabilities at 60 months were 0.92 (95% CI 0.83-
1.00) for patients with nuclear NF-κB-negative tumors (low 
nuclear NF-κB expression) and 0.45 (95% CI 0.24‑0.66) for 
those with nuclear NF-κB-positive tumors (high expression) 
(Table III). Multivariate Cox regression analysis showed that 
the predictive value of nuclear NF-κB expression maintained 
significance after the model was adjusted using clinicopatho-
logical factors, such as age, gender, anatomic location, tumor 
thickness, Clark level and AJCC stage (P<0.05). Patient 

Table I. Clinicopathological characteristics of 70 cutaneous 
melanoma patients.

Characteristics	 Patients (n=70)

Age at diagnosis (%)
  ≤68a years	 37 (53)
  >68 years	 33 (47)
Gender (%)
  Men	 30 (43)
  Women	 40 (57)
Tumor thickness (%)
  T1-T2	 17 (24)
  T3-T4	 53 (76)
Clark level (%)
  II-III	 15 (21)
  IV-V	 55 (79)
Stage (%)
  I-II	 51 (73)
  III-IV	 19 (27)
Anatomic location (%)
  Head and neck	 18 (26)
  Trunk	 13 (19)
  Upper extremities	   8 (11)
  Lower extremities	 31 (44)

aMedian value.
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survival was also associated with total NF-κB expression 
(P=0.04) since the Kaplan-Meier estimates of overall survival 
probabilities at 60 months were 0.90 (95% CI 0.78-1.00) for 
patients with a low total NF-κB expression and 0.62 (95% CI 
0.45-0.80) for those with a high expression (Table III). This 
predictive value maintained significance even after adjust-
ment with the clinicopathological factors (P<0.05). In the 
correlation analysis, nuclear and total NF-κB positivity was 
significantly associated with advanced tumor stage (P=0.03 
and 0.002, respectively), but not with other clinicopathological 
factors, such as gender, age, tumor thickness, Clark level and 
anatomic site (P>0.05).

Discussion

NF-κB plays an important role in cancer development and 
progression. Numerous studies have demonstrated that NF-κB 
is activated in a variety of cancer types, including breast, 

Figure 1. NF-κB immunohistochemical expression was observed in the 
cytoplasm (A and B), adjacent to the nucleus (B, arrows) and in the nuclei 
of tumor cells (C, arrows). Original magnification, x200 (A); x400 (B) and 
x1,000 (C).

Figure 2. Strong nuclear immunoreactivity for p53 (A) and nuclear or cyto-
plasmic expression of survivin (B) were detected throughout the tumoral 
area and in the basal epidermal layers. Original magnification, x100 (A) and 
x200 (B).

Figure 3. Kaplan-Meier overall survival analysis of stages I and II melanoma 
patients according to the expression of nuclear NF-κB.
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lung, gastric, esophageal, pancreatic, prostate cancer (33-38) 
and melanoma (2,8).

Our study aimed to evaluate whether NF-κB expression in 
tumor tissues has an effect on the survival of melanoma patients. 
We used immunohistochemistry, a simple reproducible method 
for pathologists to conduct the investigation or for routine use in 
the estimation of NF-κB. Intense immunoreactivity was found 
adjacent to the nucleus, leaning against the nuclear envelope. 
This immunopositivity may reflect the presence of NF-κB 
dimers activated in the cytoplasm and travelling to the nucleus. 
For this reason, immunopositivity was considered to indicate 
NF-κB activation in the tumor tissue, together with nuclear 
staining and cytoplasmic overexpression. In particular, it was 
included in nuclear positivity as an index of NF-κB activation 
towards its transcriptional activity. The Kaplan-Meier univar-
iate analysis showed that patients with low levels of NF-κB 
in the nuclei of tumor cells (nuclear NF-κB-negative) had a 
significantly longer survival compared to those with high levels 
(nuclear NF-κB-positive). In order to confirm the prognostic 
role of nuclear NF-κB expression, we conducted a multivariate 
Cox regression analysis for patient survival, including known 
prognostic factors such as age, gender, anatomic location, tumor 
thickness, Clark level and AJCC stage. The predictive value of 
nuclear NF-κB expression was found to maintain significance 
after the model was adjusted using the aforementioned clini-
copathological factors, thereby confirming the value of nuclear 
NF-κB as an independent prognostic variable in this patient 

population. This result is consistent with previously reported 
immunohistochemical studies showing the association between 
high nuclear NF-κB p65 expression and progression-free 
survival of patients with prostate cancer (39,40) and metastatic 
serous ovarian carcinoma (41). In numerous other studies, 
NF-κB activation was universally verified to be an adverse 
prognostic factor (42), and in melanoma it was proposed as an 
event that promotes tumor progression (12-14). Our findings, 
which show that the nuclear staining of NF-κB p65 is correlated 
with disease-specific 5-year survival of melanoma patients, 
confirm that an increased nuclear expression of NF-κB p65 is a 
crucial activity during melanoma progression.

Inhibition of apoptosis is the most likely pathway through 
which NF-κB signaling promotes the development of cancer. 
Moreover, NF-κB activation is known to suppress apoptosis 
(7). NF-κB may facilitate invasion and metastasis by inducing 
the expression of molecules that are mediators of the migra-
tion of cancerous cells, crossing of vessel walls and invasion 
at sites of metastasis (2). NF-κB activity is involved in the 
regulation of angiogenesis, the process by which tumor cells 
promote neo-vascularization, an essential step for their 
growth and invasiveness. Vascular endothelial growth factor, 
the main member of the angiogenic factor family, is under the 
transcriptional regulation of NF-κB (43). It has been reported 
that tumor vascularity is an early requirement for melanoma 
progression and that NF-κB plays a mediating role between 
melanoma cells and tumor vasculature (44).

Table II. NF-κB expression in relation to p53 and survivin.

	 Nuclear NF-κB	 Cytoplasmic NF-κB	 Total NF-κB
	 (no. of cases)	 (no. of cases)	 (no. of cases)
	 -----------------------------------------------------------------	 -----------------------------------------------------------------	 ----------------------------------------------------------------
	 Negative	 Positive	 P-valuea	 Negative	 Positive	 P-valuea	 Negative	 Positive	 P-valuea

p53			   0.025			   0.143			   0.004
  Negative	 18	   8		  15	 11		  15	 11
  Positive	 17	 27		  17	 27		    9	 35
Survivin			   0.145			   0.469			   0.045
  Negative	 18	 11		  15	 14		  14	 15
  Positive	 17	 24		  17	 24		  10	 31

aFisher's exact test. Bold, significant p-values.

Table III. Univariate analysis of NF-κB expression for 5-year survival in melanoma patients.

Variable	 No. of patients	 No. of events	 5-year survival	 SEa	 P-valueb

Nuclear NF-κB					     0.004
  Negative	 30	 3	 0.92	 0.05
  Positive	 21	 8	 0.45	 0.14
Total NF-κB					     0.040
  Negative	 23	 2	 0.90	 0.06
  Positive	 28	 9	 0.62	 0.10

aStandard error; bLog-rank test. Bold, significant p-values.
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Statistical analysis showed that a positive immunoreac-
tion for NF-κB in the nuclei or cytoplasm of tumor cells was 
more frequent in cases positive for p53 and survivin and that 
a complete NF-κB expression was statistically associated 
with p53 and survivin overexpression. Our results show the 
concomitant presence of activated forms of NF-κB and p53 
overexpression in melanoma cells, an association that may 
be explained by the functional relationship between the two 
proteins, since they both play a central role in the control of 
proliferation and apoptosis. Normally, p53 is able to block 
the activity of other transcription factors, including NF-κB, 
in order to promote apoptosis. When p53 is mutated or has 
lost its activity, a condition detectable through its accumula-
tion and pronounced immunohistochemical expression, its 
functional loss leads to the activation of NF-κB, observable as 
an enhanced nuclear localization, as noted in our melanoma 
samples. Moreover, p53 and NF-κB (p65) mutually inhibit the 
transcriptional activity, establishing a functional relationship 
between the two pathways (1). The concomitant expression of 
activated NF-κB and survivin is in agreement with the role of 
NF-κB in enhancing the expression of anti-apoptotic proteins, 
such as survivin, as a mechanism for protection from apop-
tosis in melanoma (2). Our findings confirm the presence of a 
constitutive activation of NF-κB in melanoma cells, showing 
in particular a significantly elevated expression of RelA (p65) 
and its increased nuclear translocation, suggesting NF-κB acti-
vation through the canonical pathway. Notably, the majority 
of the studies concerning the association between NF-κB and 
tumor development usually involved the p65 subunit (39-41).

The present study indicates that the interaction of NF-κB 
with p53 and survivin is a potential key signaling pathway in 
the process of melanoma pathogenesis. Moreover, it suggests 
that patients with tumors that are strongly positive for nuclear 
NF-κB p65 expression should be regarded as being at high risk 
of mortality, and that nuclear NF-κB p65 may be a promising 
early independent prognostic factor in patients with primary 
cutaneous melanoma. The evaluation of nuclear NF-κB 
expression, either alone or in combination with other routinely 
available clinical and histological prognostic markers, may be 
useful in improving the prediction of outcome of melanoma 
patients. NF-κB inhibition is considered to be promising in the 
fight against cancer, and many efforts are now concentrated 
on the ability to identify novel NF-κB targets specifically 
activated in tumors. For this reason, we believe that targeting 
NF-κB may be useful in developing a risk-adjusted approach 
to adjuvant therapies in melanoma patients.
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