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Abstract: Melanoma malignum is considered the most dangerous form of skin cancer, characterized
by the exceptional resistance to many conventional chemotherapies. The aim of the study was to
evaluate the effect of Nutramil™ Complex (NC) — Food for Special Medical Purpose (FSMP), on two
types of melanoma cell lines, primary WM115 and malignant WM266-4. 24h after seeding, growth
medium was replaced with a medium containing encoded treatments of NC or NC-CC (Nutramil™
Complex without calcium caseinate) at various concentrations. Cells were treated for 24, 48 and 72
h. Our results showed that Nutramil™ Complex reduces proliferation of malignant melanoma
WM266-4 cells but did not affected the proliferation of WM115 primary melanoma. This was
followed by measured downregulation of selected pro-survival proteins expression in WM266-4
cells; specifically ERK1/2, AKT-1, HSP27, Survivin and TAK1. Interestingly, our results showed
elevated levels of some pro-apoptotic proteins in both cell lines, including Bad, Smad2, p38MAPK,
cleaved forms of Caspase-3/7, as well as cleaved PARP. Taken together, our results indicate that
various melanoma cancer cell lines may respond in a different way to the same compound. They
also suggest induction of apoptotic pathway by Nutramil™ Complex as most likely mechanism of
its anticarcinogenic activity.
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1. Introduction

Melanoma is one of the most malignant human cancers, with rising incidence rates worldwide,
accounted for 1.7% of all cancers in 2020 [1]. In the International Agency for Research on Cancer's
latest GLOBOCAN 2022 study, melanoma ranked 17th among the most common cancers worldwide
and 22nd in terms of mortality. [2]. Regarding the US, the American Cancer Society estimated 99.780
new cases and mortality at about 7.650 cancer deaths in the United States [3].

Melanoma cells are characterized by exceptional therapy resistance; thus, in addition to research
on new pharmacological strategies, studies are carried out on cancer prevention, including the effect
of diet. Results of those studies, mainly epidemiological, showed promising benefits of many dietary
nutrients in melanoma chemoprevention [4].

Nutramil™ Complex is a Food for Special Medical Purpose (FSMP) composed of all essential
nutrients - proteins, carbohydrates, fats, vitamins, micro- and macroelements. It is designed to
provide a nutritionally complete and balanced diet for people whose nutritional requirements cannot
be met by normal foods. In Europe, the FSMP product composition and placing on the market is
regulated by the REGULATION (EU) No 609/2013, supplemented by the COMMISSION
DELEGATED REGULATION (EU) 2016/128. Article 9 of the supplement makes each Member State
solely responsible for the enforcement of the FSMP legislation. FSMP legislation itself does not
impose a registration procedure on the food business operator, as required from medicinal products,
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but relies on the self — assessment that the product complies with regulations. Therefore, FSMP
products are not subjected to preclinical and clinical studies. As a result, available literature is very
limited on FSMP. A rare example is our earlier work reporting the effect of Nutramil™ Complex (NC)
on breast and prostate cancer cells; specifically, the induction of mitochondrial apoptotic pathway
[5]. In the current manuscript we studied the impact of NC on two lines of melanoma cells.
Interestingly, our results showed two different responses of these cells to the applied product.

2. Materials and Methods
2.1. Testing Material

Nutramil™ Complex (NC) was the testing material and its composition is described in our
previously publication [5]. To determine the effect of complete compound on cancer cells, an
incomplete Nutramil™ Complex without calcium caseinate (NC-CC) was also investigated. We
hypothesized that the complete formulation would have the greatest effect on cellular parameters.
On the other hand, we would like to check if the protein exclusion would maintain the observed
changes, which may be useful in a possible modification of the nutrient composition. All analyses
were blanked. All samples were numerically coded and decoded at the end of the study.

2.2. Cell Cultures and Treatments

This research was conducted with use of human primary melanoma cell line WM115 (ATCC®
CRL-1675TM), human malignant melanoma cell line WM266-4 (ATCC® CRL-1676TM) and human
foreskin fibroblast cell line B] (ATCC® CRL-2522TM). Cells were cultured in appropriate medium
with the addition of 10% FBS (Sigma-Aldrich, MO, USA) and under controlled conditions
(temperature 37 °C and 5% CO: atmosphere) according to the ATCC protocol.

Cancer cells were seeded in a density of 8x10° cells per well in 96-well plates, 9x10* cells per well
in 12-well plates and 2x105 per well in 6-well plates. 24h after seeding, growth medium was replaced
with a medium containing encoded treatments of NC or NC-CC at various concentrations. The final
applied concentrations of NC and NC-CC were 1, 2, 3, 4, 5 and 10%. Then, the cells were incubated
for 24, 48 and 72h. Cells cultivated only in complete growth medium were used as a negative control.
Staurosporine (Sigma-Aldrich, MO, USA) at final concentration at 1.5 uM was used as positive
control for apoptosis assay.

2.3. Cytotoxicity Assay

Cell cytotoxicity was analyzed by Cytotoxicity Detection Kit LDH (Roche, BASEL, Switzerland)
which is based on measuring the activity of lactate dehydrogenase (LDH) released into the culture
medium during cell death. The assay was carried out according to the manufacturer’s protocol. The
experiments were performed in three independent tests and 4-5 technical replicates.

2.4. Cell Proliferation Assay

Cell proliferation was determined with 5-bromo-2’-deoxy-uridine (BrdU) Labeling and
Detection Kit III (Roche, BASEL, Switzerland), according to manufacturer's instructions. The method
is based on the ability of BrdU to be incorporated instead of thymidine into the DNA of proliferating
cells. All experiments were performed in three independent tests and measured in triplicates. Results
were standardized to the negative control (non-treated cells) as 100%.

2.5. RNA Isolation, RT Reaction and Real-Time PCR Analysis

The total RNA was isolated from cell lines using the Total RNA Mini Kit (A&A Biotechnology,
Gdansk, Poland), in accordance with the manufacturer's instructions. Concentration, purity and
quality of RNA was measured in pDrop Plate (Thermo Fisher Scientific,c Waltham, MA, USA).
Reverse transcription reaction was performed using the Maxima first Strand cDNA Synthesis kit for
RT-gqPCR (Thermo Fisher Scientific, Waltham, MA, USA). A quantitative analysis of mRNA gene
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expression was performed using the panels of TagMan® Array Human C-MYC and Apoptosis
(Thermo Fisher Scientific, Waltham, MA, USA) according to manufacturer’s instructions and carried
out in StepOnePlusTM System (Thermo Fisher Scientific, Waltham, MA, USA). Analysed genes
included: AKT1, APAF1, BAD, BAX, BCL2, BID, CASP3, CASP8, CDKN2A, CYCS, FADD, FAS,
FASLG, HRAS, IGF1, IGF1R, KRAS, MYC, NRAS, RRAS, TP53, YWHAB, YWHAE, YWHAG, YWHAH,
YWHAQ, YWHAZ. Results were normalized using at least two reference genes (185, GAPDH, HPRT1
or GUSB) and were calculated using the 2-42CT method [6].

2.6. Stress and Apoptosis Signaling Assay

Cell extracts were prepared and analyzed using the PathScan® Stress and Apoptosis Signaling
Antibody Array Kit (Chemiluminescent Readout #12856, Cell Signaling Technology, MA, USA).
Assay target proteins were: P44/42 MAPK (ERK1/2) phosphorylation, Akt phosphorylation, Bad
phosphorylation, HSP27 phosphorylation, Smad2 phosphorylation, p53 phosphorylation, p38 MAPK
phosphorylation, SAPK/INK phosphorylation, PARP cleavage, Caspase-3 cleavage, Caspase-7
cleavage, IkBa total, Chkl Ser345 phosphorylation, Chk2 phosphorylation, IkBa phosphorylation,
elF2a phosphorylation, TAK1 phosphorylation, Survivin and a-Tubulin as a reference protein.
Images were acquired by briefly exposing the slide to standard chemiluminescent film. Densitometry
analysis was performed using Image]J (http://imagej.nih.gov/ij/). Results are shown as a mean+SD
normalized to the internal reference protein (a_Tubulin). Untreated negative control (UC) was set as
100% expression level.

2.7. Statistical Analysis

The statistical analysis was performed by using Statistica ver.12 (StatSoft, Tulsa, OK, USA). All
experiments were performed in three independent tests and measured in triplicates. Shapiro-Wilk’s
test was applied to assess normality of distribution. Results are expressed as mean * standard
deviation (SD). Statistical analysis of all experiments in melanoma and BJ cells was conducted using
an independent samples t-test to compare unpaired means between two groups. p values less than
0.05 were considered as statistically significant.

3. Results
3.1. Cytotoxicity

Nutramil™ Complex showed strong cytotoxic effects on both examined melanoma cell lines
(WM266-4 and WM115), as well as non-neoplastic BJ cells (Figure 1).

d0i:10.20944/preprints202411.1186.v1
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Figure 1. Cytotoxycity of Nutramil™ Complex and Nutramil™ Complex without calcium caseinate
in human melanoma cell lines: A) WM-115, B) WM-266-4 and C) BJ normal fibroblast cell line. Cells
were treated for 24, 48 and 72h with 1-10% concentration of NutramilTM Complex (NC) or
Nutramil™ Complex without calcium caseinate (NC-CC ). Cytotoxicity was measured with
Cytotoxicity Detection Kit LDH (Roche, Poland). Values are expressed as mean + SD for n=15,
standardized to untreated control (UC) as 100%.
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Cytotoxicity was dose- and time-dependent and showed similar trend for both NC-CC
(NutramilTM Complex without calcium caseinate) and NC treatment. Application of Cytotoxicity
Detection Kit LDH (Roche, Poland) showed that 4% treatment did not initiate necrosis (Figure 1 A-
C). Based on the results, 4% concentration was chosen for further studies as the inhibitory
concentration for 10% cytotoxicity (EC10).

3.2. Cell Proliferation

The BrdU test demonstrated that Nutramil™ Complex reduced the proliferation of WM266-4
cell line to approximately 75-80% of the negative control (Figure 2B) but did not affect WM115
melanoma cells (Figure 2A). In contrast, NC stimulated proliferation of normal BJ cell line (Figure
2C). Treatment with NC-CC cells showed similar effects as NC on studied cell lines (Figure 2A-C).
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Figure 2. The effect of Nutramil™ Complex and Nutramil™ Complex without calcium caseinate on
proliferation in human melanoma cell lines (WM-115, WM-266-4) and normal fibroblast cell line (BJ).
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Cells WM-115 (A); WM266-4 (B) and BJ (C) were treated with Nutramil™ Complex (NC) or
Nutramil™ Complex without calcium caseinate (NC-CC ) at concentration 0, 3, 4% for 24, 48 and 72h.
Cell proliferation was measured using Cell Proliferation ELISA, BrdU (Roche, Poland). Values are
expressed as mean + SD for n=12, standardized to untreated control (UC) as 100%. Statistical
significance was based on T-test; * vs. UC when p < 0.05.

3.3. mRNA Expression of Genes Associated with Cell Cycle and Apoptosis
The expression of genes regulating cell cycle and apoptosis was investigated with TagMan®

Array C-MYC and Apoptosis Kit. Results are presented in Table 1.

Table 1. The effect of Nutramil™ Complex and Nutramil™ Complex without calcium caseinate on
mRNA expression of genes in human melanoma WM-115 and WM-266-4 cells lines.

WM-115 WM266-4
Gene NCvs UC NC-CCvs UC NCvs UC NC-CCvs UC
Symbol FC value Adjusted FC value Adjusted FC value Adjusted FC value Adjusted
p-values p-values p-values p-values
Pro-apoptotic genes
APAF1 14,52* 1,1E-07 14,73* 0,00003 1-4,56* 0,00001 1-2,69* 0,00010
BAD 11,59* 0,01212 11,25% 0,00007 16,20* 0,01623 13,62* 0,00128
BAX 11,37* 0,00064 1,44 0,07656 12,12* 0,00005 1,29 0,05086
BID 11,78* 0,02290 11,25% 0,00552 12,58* 0,00013 1,74 0,12706
CASP3 12,42* 0,00017 12,79* 5,0E-07 14,00* 0,00017 13,27* 0,00005
CASP8 14,01* 0,00015 15,53* 0,00007 1-1,55* 0,00001 1-2,28* 0,00013
CASP9 12,91* 0,00148 11,40% 0,00752 14,80* 0,00148 12,93* 0,00007
CYCS 11,73* 0,03390 11,48* 0,00641 1-2,06* 0,00295 1-2,76* 0,00006
FADD 1,20 0,08572 11,47% 0,01262 13,16* 0,00008 1,87 0,163556
FAS 1,01 0,3740 11,12* 2,80E-05 1,12 0,37390 11,34* 0,00006
TP53 1,02 0,09595 11,49* 0,02467 11,72* 0,00001 1,28 0,06596
Pro-survival genes
AKT1 1,05 0,28798 1,18 0,12187 1-1,97* 0,00014 1-1,42* 0,02336
BCL2 -1,36 0,19346 1-1,37* 0,00859 1-1,57* 0,00022 1-2,53* 0,00023
HRAS 1-1,82* 0,02360 -1,69 0,51894 1-2,38* 0,00033 1-1,64* 0,00358
IGF1 1-3,04* 0,04336 1,01 0,11020 1-7,70% 0,00003 2,16 0,08021
IGFIR 11,56* 0,00003 11,27* 0,00040 -2,01 0,43357 1-1,43* 0,00005
KRAS 1-2,28* 0,00004 1-1,18% 0,00008 1-2,67* 0,00004 1-3,29* 0,00009
MycC 1-2,55% 0,00366 11,12% 0,00006 1-1,10* 0,00006 1-1,23% 0,03746
NRAS 11,16* 0,00015 11,18* 0,00018 -3,43* 0,00001 1-3,70* 0,00001
RRAS 11,34* 0,01637 -1,60 0,60253 11,17* 0,00007 -1,15 0,05788
YWHA family genes
YWHAB 1-2,27* 0,00027 11,04* 0,00038 1-2,46% 0,00001 1-1,27% 0,00014
YWHAE 1-1,57* 0,00001 1-1,29% 0,00003 1-2,92% 0,00001 1-3,86* 0,00001
YWHAG 1-1,85* 0,01506 1-1,29% 0,00280 1-1,08* 0,00008 1-1,56* 0,00496
YWHAH 1-1,73* 0,00376 1-1,38% 0,00007 1-1,88* 0,00009 }-1,55* 0,00754
YWHAQ 1,01 0,10424 1-1,10* 0,00007 1-2,35% 0,00001 1-4,10* 0,00001
YWHAZ 1-1,10* 0,00029 11,10* 0,00081 1-2,38* 0,00002 1-4,10* 0,00082

For WM-115 primary melanoma cells, results showed up-regulation of many pro-apoptotic
genes, including: APAF1, BAD, BAX, BID, CASP3, CASP8, CASP9, CYCS, FADD and down-
regulation of pro-survival genes: BCL-2, HRAS, IGF1, KRAS, MYC and YWHA family.

For WM266-4 melanoma cells, results showed up-regulation of pro-apoptotic BAD, BAX, BID,
CASP3, CASP9, FADD, FAS and TP53, and down regulation of APAF1 and CYCS. Pro-survival genes,
including: AKT1, BCL-2, HRAS, IGF1, IGF1R, KRAS, NRAS, MYC and genes from the YWHA family,
showed a reduction in their mRNA levels after NC treatment.

Results for treatment with NC-CC showed similar trends (Table 1).

3.4. Expression of Proteins Involved in Cellular Stress and Apoptosis Signalling

Results of the PathScan® Stress and Apoptosis Signalling Antibody Array analysis for WM115
and WM266-4 are presented in Figure 3A and Figure 3B, respectively.
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Figure 3. The effect of Nutramil™ Complex and Nutramil™ Complex without calcium caseinate on
expression of stress and apoptosis proteins in melanoma cells (WM-115, WM-266-4).Cells WM-115 (A)
and WM266-4 (B) were treated for 48h with 4% of Nutramil ™ Complex (NC) or Nutramil ™ Complex
without calcium caseinate (NC-CC). Staurosporine (ST; 1,5 uM concentration) was used as positive
control. Cell extracts were analyzed using the PathScan® Stress and Apoptosis Signaling Antibody
Array Kit (Chemiluminescent Readout) #12856, Cell Signaling Technology, MA, USA. Images were
acquired by briefly exposing the slide to standard chemiluminescent film. Densitometry analysis was
performer using Image]J. Results are shown as a mean+SD normalized to the internal reference protein
(a_Tubulin). Untreated negative control (UC) was set as 100% expression level. Statistical significance
was based on T-test; * vs. UC when p < 0.05. Gene symbols and names: P44/42 MAPK (ERK1/2)
phosphorylation (Thr202/Tyr204), Akt-1 phosphorylation (Ser473), Bad phosphorylation (Ser136),
HSP27 phosphorylation (Ser82), Smad2 phosphorylation (Ser465/467), p53 phosphorylation (Ser15),
p38 MAPK phosphorylation (Thr180/Tyr182), SAPK/JNK phosphorylation (Thr183/Tyr185), PARP
cleavage (Asp214), Caspase-3 cleavage (Aspl75), Caspase-7 cleavage (Asp198), IkB total, Chk-1
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phosphorylation (Ser345), Chk-2 phosphorylation (Thr68), IkBa phosphorylation (Ser32/36), elF2a
phosphorylation (Ser51), TAK1 phosphorylation (Ser412), Survivin total.

Treatment of WM115 with NC did not significantly reduce levels of pro-survival proteins,
including ERK1/2, AKT-1, HSP27 and Survivin; however, it significantly increased levels of phospho-
BAD (128% of UC) as well as cleaved form of Caspase -7 (200% of UC), Smad2 tumor suppressor
(211% of UC), P38MAPK (220% of UC) and SAPK/JNK (157% of UC). The level of p53, Caspase-3 and
PARP cleavage were not significantly affected. Expression of Chk-1 and Chk-2, total and
phosphorylated Ikfa, elF-2a as well as TAK1 were significantly increased to (148%, 330%, 161%,
132%, 447%, 493% of UC, respectively) (Figure 3A).

Treatment of WM266-4 with NC significantly affected pro-survival proteins, including: AKT-1
(57% of UC), Survivin (64% of UC) and TAK1 (69% of UC). Levels of ERK1/2 and HSP27 showed an
insignificant reduction. Among the pro-apoptotic proteins, results showed an increase in levels of
Bad, Smad2, p38MAPK, cleaved forms of Caspase-3 and -7, as well as cleaved PARP (144%, 160%,
134%, 237%, 111%, 148% of UC, respectively). In addition, Chk-1 levels were significantly reduced to
70% of UC, while Chk-2 remained unchanged. Expression of p53 suppressor was reduced (76% of
UC). The SAPK/JNK, IxBa-phospho and total Ik[3a showed a decrease while the elF-2a protein level
was elevated to 126% of UC (Figure 3B).

For NC-CC, results for the majority of tested proteins were consistent with the results observed
for NC treatment (Figure 3A-B).

4. Discussion

Available epidemiological research indicates the importance of diet in reducing the risk and
progression of melanoma. Anti-cancer properties are primarily expected from products with a strong
antioxidant and anti-inflammatory potential, associated with the ability to reverse the oxidative
damage caused by UV light [7]. On the other hand, main therapeutic strategies are focused on
induction of apoptosis and suppression of survival pathways [8].

Our data showed that NC reduced proliferation of malignant melanoma WM266-4 cells but did
not affected the proliferation of WM115 primary melanoma (Figure 2). Initially, both melanoma lines
showed a measurable downregulation of most of the analyzed pro-survival genes expression at the
mRNA level (Table 1). However, these results were not confirmed for WM115 cells at the protein
expression level (Figure 3A), which is consistent with the observed lack of changes in WM115 cell
proliferation (Figure 2A). It should be emphasized that changes at the transcription level are not
always reflected in protein expression [9].

Measured protein expression in WM266-4 cells confirmed downregulation of pro-survival
ERK1/2, AKT-1, HSP27, Survivin and TAK1 (Figure 3) and upregulation of pro-apoptotic Bad,
Smad2, p38MAPK, cleaved forms of Caspase-3 and -7, as well as cleaved PARP (Figure 3B).
Interestingly, similarly to WM266-4 cells, WM-115 cells showed a significant increase in levels of
some pro-apoptotic proteins, including phospho-BAD, cleaved form of Caspase -7, P38SMAPK and
SAPK/INK as well as Smad2 tumor suppressor (Figure 3A). The sensitivity of various melanoma
cancer cell lines to the same compound may differ, depending on the distinctive mechanism of
formation and progression. The speed of cell division and their translational activity are mentioned
as the primary determinants [10]. The resistance of tumor may also result from the decreased ability
to undergo spontaneous apoptosis. Available research indicates that phenotype changes occurring
during cancer development may play a crucial role in developing resistance to applied pro-apoptotic
factors [11]. Our proliferation data would confirm that hypothesis as both NC-treated melanoma cell
lines showed similar trends in pro-apoptotic protein expression, but they manifested a different
response. In addition, our results also highlight the complexity of mechanisms and interactions that
must be triggered to regulate growth and death of cancer cells.

Literature suggests that in human melanomas two major signaling pathways
RAS/RAF/MEK/ERK and the PI3K/Akt are constitutively activated through genetic mutations. It also
suggests the influence of regulatory proteins of the Bcl-2 family [12,13].


https://doi.org/10.20944/preprints202411.1186.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 November 2024

9

The RAS/RAF/MEK/ERK signaling pathway is an important regulator of cell growth and
survival and it has been reported to be activated in about 90% of human melanomas [14]. Of all RAS
isoforms (HRAS, KRAS, and NRAS in humans), the most common mutation in melanomas occurs in
NRAS gene, while in other types of human cancers mutations are more frequent in the KRAS gene
[15]. Some melanomas exhibit an excessive activation of heat shock proteins, such as HSP27. HSP27
increase the resistance of melanoma cancer cells to apoptosis by binding cytochrome c and preventing
the activation of caspase-9 and caspase-3 [16]. HSP27 also accelerates the proteolysis of p27 (CDK
inhibitor), which prevents cell cycle arrest in the G1 phase [17]. HSP27 is also associated with the
promotion of the proteasomal degradation of Ixfa — the inhibitor of the NF-k{ transcription factor.
On the other hand, the presence of phosphorylated form of Ik« indicates degradation of the NF-«[3
/ Ixf3 complex and subsequent translocation of NF-kf to the nucleus, where it can activate many anti-
apoptotic genes [5]. Treatment of WM-266-4 cells with the Nutramil™ Complex had no significant
effect on the level of the phosphorylated form of Ixfa. It also did not increase the level of the non-
phosphorylated IxPa, capable of binding to NF-xf3 (Figure 3B). However, our results showed a
reduced level of TAK1 protein, which may stimulate the phosphorylation of the Iipa protein [18].

PI3K/Akt signaling as was found dysregulated in over 50% of melanomas [19]. PI3K/Akt
signaling cascade is activated via the IGF growth factors paracrine/autocrine signal. Active RAS
induces membrane translocation and activation of PI3K leading to PIP2 phosphorylation to PIP3 and
activation of Akt protein. Akt effectors promote cell survival, proliferation and invasion [20],
including activation of NF-«B transcription factor (15), promoting expression of pro-survival proteins
from Bcl-2 family and inhibiting expression of pro-apoptotic Bad [21,22]. Nutramil™ Complex had a
downregulating effect on the expression of AKT1 gene and its protein in WM266-4 cells, while it had
no significant effect in WM-115 cells (Table 1; Figure 3). However, down-regulation of BCL-2 gene
expression and increased expression of pro-apoptotic genes, including BAD, BID and BAX were
observed in both cell lines (Table 1). In addition, an increased level of Bad protein was also
measured in both cell lines (Figure 3). Our results also showed an elevated level of phosphorylated
kinases MAP p38 MAPK and SAPK/JINK MAP in both melanoma cell lines after NC treatment (Figure
3). The literature indicates that activation of p38 MAPK and SAPK/JNK MAP kinases occurs via dual
phosphorylation mechanism in response to cellular stressors and leads to the cell-cycle arrest and
apoptosis induction. In addition, it is suggested that SAPK/JNK may contribute to the activation of
both apoptotic pathways, the extrinsic and the mitochondrial-dependent pathway. In order to induce
cell death, these mechanisms may interact or act independently [5], which finds confirmation in
measured upregulated expression of FADD, FAS and CASP8 genes (Table 1).

In contrast to many other cancers, the p53 suppressor gene is rarely mutated in melanoma [19]
but its functional attenuation is needed for tumor development [23]. Our results showed an increased
level of TP53 gene mRNA in both NC-treated melanoma cell lines (Table 1); however, WM266-4 also
showed a reduced level of p53 protein (Figure 3). This indicates potentially p53-independent
induction of apoptosis in this cell line. These results are consistent with other studies on human
melanoma cells that showed potential degradation of p53 protein rather than its accumulation (11).
In addition, recently, the essential p53 inhibitor Mdmx was determined frequently over-expressed in
melanoma. Mdmx displays both p53-dependent and p53-independent oncogenic effects needed for
melanoma growth [23].

APAF-1 gene dysregulation is often indicated (42%) as one of the factors inhibiting the apoptotic
process in melanoma cells; namely, by directly preventing caspase-9 activation and initiation of
protease cascade [24,25]. Our results showed that treatment of both melanoma lines with Nutramil™
Complex increased the expression of APAF-1 as well as CASP 9 and CASP 3 (Table 1). However,
simultaneous increase in the protein levels of apoptotic markers, including the cleaved form of
caspase-3 and its substrate PARP, was observed only in WM266-4 cells (Figure 3). Similarly, only
WM266-4 cell line showed a reduction in the level of Survivin (Figure 3), a protein highly expressed
in most cancer cells. Survivin inhibits the caspase activation in tumor cells, thereby suppressing their
apoptosis and at promoting cell proliferation [26-28]. It has been shown that by inhibiting Survivin
expression via various mechanism, including blocking its transcription, increased the sensitivity of
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various cancer cells, including melanoma, to some chemotherapeutic agents [29,30]. For this reason,
Survivin is considered an independent marker associated with poor prognosis [11,31]. Taken
together, measured gene and protein expression supports presented proliferation results in the
examined cell lines (Figure 2). In the WM115 cells, despite the observed activation of some pro-
apoptotic genes, NC did not cause the death of these cells. On the other hand, the reduction of
WM266-4 cell line proliferation was associated both with the downregulation of pro-survival genes
and induction of apoptosis. Available literature indicates that dysregulation of apoptotic processes
in melanoma cells are primarily associated with impaired mitochondrial-dependent pathway.
Although our results do not include the full set of proteins involved in this process, measured
changes expression of BCL-2 genes, upregulation of APAF-1 and reduced Survivin expression (Table
1, Figure 3) support this hypothesis. In addition, in our previous study showed a similar effect of this
FSMP on the induction of the intrinsic pathway of apoptosis in breast and prostate carcinoma cells
[5]. Taken together, Nutramil™ Complex, as a food for special medical purposes, may support the
nutritional treatment of oncological patients. In addition, in the current and previous study, we
presented its cytotoxic effect against cancer cells. This effect on reducing the growth of cancer cells,
described in detail in our earlier publication, may be associated with the product composition,
including the contribution and chemical form of the particular macro and microelements [5].

5. Conclusions

In conclusion, it should be emphasized that the results presented in current paper, are one of the
very few investigating the effect of the selected FSMP product, Nutramil™ Complex, on the
proliferation of melanoma cells. Results obtained from WM?266-4 line cells are consistent with our
previous findings in breast and prostate cancer lines, which confirms beneficial effect of the product.
On the other hand, the observed differences in response to the NC treatment between two studied
melanoma line cells may result from their different sensitivity. Although our experiments are limited
to the in vitro model and require verification in vivo, we find those tests necessary according to the 3R
principle (Replacement, Reduction and Refinement). Together, they serve as a valuable and
multifaceted source of information and provide justification for further research.
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