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Abstract 
Background: Malignant melanoma is an aggressive skin cancer whose survival 

rate is extremely low. Commencing apoptosis is believed to be a significant issue in 
cancer treatment and targeting the apoptosis and WNT signaling pathways, which is 
probably a potentially successful strategy to overcome tumor plasticity in melanoma.  

Method: We conducted the present in vitro study to investigate antiproliferative 
and apoptotic effects of Nic-ALA, as a new compound, on A375 melanoma cell line 
using MTT assay and flow cytometry, respectively. The gene expression profiles of 
the cancer cells were obtained for Bcl-2 and BAX as the main genes of the apoptosis 
signaling pathway and WIF1 and beta-catenin genes from the WNT signaling pathway 
with qRT-PCR.  

Results: Nic-ALA’s cytotoxicity on A375 melanoma cell line from MTT assay 
was obtained with IC50 166.7, 144.2, and 146.1µM. This novel derivative induced 
11.3, 46.1, and 85.7% of apoptosis in 24, 48, and 72h time points, respectively. In the 
treated cells, the expression of BAX, beta-catenin, and WIF1 genes increased, while 
the expression of Bcl-2 decreased significantly at 200µM concentration and the treated 
times of 48 and 72h. 

Conclusion: The antiproliferation of Nic-ALA at a lower value than what we 
found in nicotinic acid alone represented the higher bioavailability and transport 
efficiency of this novel derivative through A375 melanoma cell line. Its antipoetic 
effects were obtained by increasing the apoptosis rate and expression of the Bax gene 
and reducing Bcl-2 gene expression. Upregulation of WIF1 and beta-catenin in the 
WNT signaling pathway emphasized Nic-ALA’s anticancer effect on A375 melanoma 
cell line. 
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Introduction 

Melanoma is an aggressive skin cancer with 
a high mortality rate, whose frequency has 
increased over the past two decades.1,2 This cancer 
is the fifth and seventh most popular cancer among 
men and women, respectively.3 The most prevalent 
risk factors for malignant melanoma growth are 
known to be exposure to ultraviolet radiation, 
fair skin, dysplastic nevi syndrome, age, and 
family history.4 Although the early diagnosis of 
melanoma leads to a good prognosis, the average 
survival of patients with metastatic malignant 
melanoma is 6-9 months.5,6 The therapeutic 
interventions that are used for metastatic 
melanoma, including surgery, radiation therapy, 
and chemotherapy are not enough, and so far, 
only minor improvement in survival has been 
achieved in the published reports.7 Therefore, 
understanding the biology of malignant melanoma 
initiation and development is vital. 

Unsaturated fatty acids have an antioxidant 
activity that results into anticancer effects in the 
human body.8-10 According to the double bonds, they 
are divided into two groups: polyunsaturated fatty 
acids (PUFAs) and monounsaturated fatty acids,11, 

12 both of which have critical features.13, 14 PUFAs 
consist of omega 3 and omega 6 families and have 
anticancer activity in vitro and in vivo.8, 10, 15 

Nicotinic acid and its amide, nicotinamide, 
are the most common forms of B-vitamin niacin 
(vitamin B3) that can control the intracellular 
calcium levels in a concentration and exposure 
time-dependent manner.16, 17 Moreover, a 
relatively high concentration of nicotinic acid 
triggers cytoskeleton disassembly through 
inducing Beta-tubulin degradation. Since 
cytoskeleton plays a vital role in cell migration, 
this disassembly of cytoskeleton by nicotinic acid 
might interrupt the metastasis process of tumor 
development. This demonstrates that nicotinic 

acid has an excellent clinical therapy potential 
for the treatment of various diseases in the 
future.18, 19 

Apoptosis as a programmed cell death strategy 
is a defense mechanism that occurs when cells 
age to balance cell populations. The apoptotic 
pathway is one of the critical signaling pathways 
with various gene and protein families that respond 
to numerous apoptotic agents, such as lack of 
growth factors, Fas ligand binding, and 
chemotherapy.20, 21 In the apoptotic pathway, anti 
and pro-apoptotic members, including Bcl-2 
family (B-cell lymphoma 2; Bcl-2, Bcl-XL, Mcl-
1, Bcl-W, Bfl-1, A1), play a crucial role as 
antiapoptotic in the control of apoptosis and the 
pro-apoptotic members (BAX, BAK, BOK).22, 23 
The other crucial signaling pathway involved in 
cell proliferation and cell fate is Wingless-related 
integration site (WNT) signaling pathway. It has 
been reported that an unusual regulation of WNT 
signaling pathway causes several types of human 
cancers, such as lung, prostate, and breast 
cancer.24-26 Wnt inhibitory factor-1 (WIF1) gene 
encodes a secreted protein that binds to WNT 
proteins, and the beta-catenin are the major critical 
proteins preventing Wnt/beta-catenin signaling 
pathway.27-29  

Thus, even though nicotinic acid has shown 
useful biochemical characteristic, the assessment 
of its clinical applications are restricted due to 
its limited bioavailability and lower permeability 
coefficient during the absorption. This study aimed 
to evaluate a newly designed complex of nicotinic 
acid-omega 3 (Nic-ALA) (Figure 1), investigate 
its effects on A375 melanoma cell proliferation 
and apoptosis, and clarify the role of apoptosis 
and WNT as the major molecular pathways of 
cell death by measuring Bcl-2, BAX (Bcl-2 
Associated X-protein), WIF1, and beta-catenin 
gene expressions.   

Figure 1. This figure shows the chemical structure of nicotinic acid -Alpha Linoleic Acid (Nic-ALA).  
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Material and Methods 

Cell culture 
In this experimental study, A375 melanoma 

cell line was purchased from Pasteur Institute of 
Iran and cultured in monolayers using RPMI 1640 
Glutamax (Biosera, France) supplemented with 

Figure 2. This figure shows the treatment of A375 melanoma cells with viability cell analysis after A. 24h, B. 48h, and C. 72 h following 
the treatment with Nic ALA derivative. 
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10% fetal bovine serum and 1% antibiotic (100 
U/ml of penicillin, 100 µg/ml of streptomycin) 
at 37ºC, 90 % humidity, and 5% CO2. The cells 
were seeded in 96 well cell culture plates, each 
containing 2500 cells for all the concentrations 
and the control. Following the treatment of the 
cells with different concentrations of Nic-ALA 
25, 50, 100, 150, and 200 at intervals of 24, 48, 
and 72 h, the cells were harvested and separated 
from the medium. 
MTT assay 

MTT was utilized in an attempt to test cell 
viability. A375 melanoma cells were seeded at a 
concentration of cells at each well and incubated 
for 24 h. Subsequently, the cells were exposed 
to 200 µl of different Nic-ALA concentrations 
(50, 100, 150, 200 pg /ml) for 24, 48, and 72 h. 
After 24 h, the medium was cleared, and 80 µl 
of the new medium was added. When the 
treatment period finished, the solution was 
eliminated and 20µl MTT (3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; 

Sigma, Germany) was added to each well. The 
wells were then incubated for 4 h at 37ºC in the 
dark. Afterwards, the MTT was removed, replaced 
with 100µl DMSO, and incubated for 10 minutes 
in a shaking incubator. 25 µl Glycine buffer was 
added and finally, the optical absorbance was 
evaluated at 570 and 630 nm with an ELISA (the 
enzyme-linked immunosorbent assay) plate reader. 
All the examinations were carried out in triplicate. 
Apoptotic assay via flow cytometry 

The annexin-V-FLUOS staining kit (Roche 
Life Science, 11 858 777 001) was employed to 
detect apoptotic and necrotic cells. This kit uses 
a dual-staining protocol in which the apoptotic 
cells are stained with Annexin-V-FLUOS (green 
fluorescence). The necrotic cells are stained with 
propidium iodide (PI; red fluorescence). A375 
melanoma cancer cells were seeded in 6-well 
plates at a density of 3 × 105 cells/well and allowed 
to attach overnight. The medium was replaced 
with fresh RPMI-1640 medium containing Nic-
ALA derivative at µM concentration and treated 

Figure 3. The above images show the morphological changes in A375 melanoma cells under different cell treatment 25 (B), 50 (C), 100 
(D), 150 (E), and 200 (F) μM nicotinic acid complexed with omega-3.  
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24, 48, and 72 h. The cells were trypsinized, 
washed with PBS, and processed for labeling 
with Annexin-V-Fluorescein. They were then 
used according to the manufacturer’s protocol. 
The labeled cells were analyzed in a flow 
cytometer (Cyflow, Partec). 

Measurement of BAX, Bcl-2 and, Beta-catenin 
gene expression 
Reverse transcription-polymerase chain reaction 
(RT-PCR)  

Total cellular RNA was extracted from the 
cells homogenized in 1 mL of RiboEx reagent 

Figure 4. The scatterplot of Annexin/PI staining test where A375 melanoma cells were exposed to different concentrations and time 
treatments as follows A: 24 h control, B: 48 h control, C: 72 h control, D: Treated with 166.7μM nicotinic acid complexed with omega-
3 after 24 h, E: Treated with 144.2μM nicotinic acid complexed with omega-3 after 48 h, F: Treated with 146.1μM nicotinic acid 
complexed with omega-3 after 72 h. 
PI: Propidium iodide; FITC: Fluorescein 5-isothiocyanate; FL1-H: Flow cytometry (x-axis); FL2-H: Flow cytometry (y-axis); Q1, Q2, Q3 and Q4: Quarter   
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(Gene all). After the addition of chloroform (0.2 
volumes), the homogenate was separated into 
aqueous and organic phases via centrifugation 
(15 minutes at 12000g and 4 ºC). Subsequently, 
the superior aqueous RNA-rich phase was isolated. 
The kit steps were carried out in sequence and 
the sample was then applied to the RNase-free 
mini spin column; RNA was eluted in 30 mL of 
RNAse-free water. Final RNA condensations were 
assessed with a Nanodrop ND-1000 Spectropho-
tometer and OD260/OD280 nm absorption ratio 
>1.95. 
Optimization of RT-PCR 

Table 1 represents all the RT-PCR primers 
sequences. Glyceraldehyde-3- phosphate 
dehydrogenase (GAPDH) gene expression was 
considered as the control. Due to the Taq DNA 
polymerase, dNTP concentrations, forward and 
reverse primers, cDNA, MgCl2 concentrations, 
and different annealing temperatures (53-60ºC), 
the conditions for all the PCRs were optimized 
in a gradient cycler. We separated the RT-PCR 
amplification products on a 2% agarose gel elec-
trophoresis. 
Quantitative RT-PCR 

Up to 2 µg of the total RNA was used to 
synthesize cDNA utilizing the excellent volume 

cDNA Kit based on the manufacturer’s guidelines 
(Gene All). PCR analysis of each of the target 
genes was accomplished in the following PCR 
mixtures: 2 µl of diluted cDNA, 12/5 µl of SYBR 
Green PCR Master Mix, 0.5 µl of 10mM forward 
primer, 0.5 µl of reverse primer, and 9/5 µl of 
distilled water. Quantitative RT-PCR was 
performed in triplicate. 

North Tehran branch of Islamic Azad 
University and Qazvin University of Medical 
Sciences approved all the protocols and 
procedures. Ethics Committee approved the 
present work under the reference number 
IR.QUMS.REC.1397.329.  
Statistical Analysis  

All the data were triplicated and expressed as 
the mean ± SD. To compare the differences 
between the treatment groups, Graph pad prism 
statistical software was used to analyze the 
variances. The treatments were considered to be 
significantly different at P < 0.05.  
 

Results 

Viability assay by MTT 
Human A375 melanoma cell line treated with 

designed Nic-ALA derivative resulted in inhibiting 
cell growth in a dose and time-dependent manner. 

Figure 5. This figure shows the analysis of flow cytometry results after 24 h, 48 h, and 72 h indicated notable differences between cont 
(control) and treat (treated) cell lines.  



Nic-ALA Derivative Increased Apoptosis of A375 Melanoma Cell Line  

Middle East J Cancer 2022; 13(4): 593-606 599

Figure 2 illustrates MTT results, in which the 
treated concentrations of 25 and 50 µM did not 

affect the cell viability. Still, the percentage of 
cell viability started to decrease, particularly in 

Figure 6. This figure shows the effect of different concentrations of omega-3,omega-6, and nicotinic acid on the expression level of A. 
BAX, B. Bcl-2, C. Beta-catenin, and D. WIF1 after 24,48, and 72h. 
BAX,: Bcl-2 Associated X-protein; Bcl-2: B-cell lymphoma 2; WIF1: Wnt Inhibitory Factor 1 
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concentration higher than 100 µM. The 
magnitudes of 50% of the Nic-ALA inhibition 
concentration (IC50) were obtained to be 166.7, 
144.2, and 146.1µM for 24, 48, and 72 hours, 
respectively. The morphological changes in A375 
melanoma cell line before and after the treatment 
with different concentrations of Nic-ALA 
derivative could also be observed in microscopic 
images (Figure 3A-F). 
Apoptotic effect by flow cytometry analysis  

The apoptotic effect of the Nic-ALA derivative 
on A375 melanoma cell line was evaluated using 
the flow cytometry technique. As depicted in 
figures 4 and 5, the treated cells were stained 
with Annexin-V-FLUOS staining kit and the 
percentages of apoptotic cells were 11.3, 46.1, 
and 85.7%, respectively in 24, 48, and 72 h time 
points in comparison with their control values of  
5.4, 5.3, and 6.7, respectively. The averages of 
LL (normal live cells) and UL (necrotic cells) 
were higher (92.66 and 2.98 %, respectively) in 
the control A375 melanoma cells compared with 
the treated cells with Nic-ALA derivative (Table 
2); however, in the case of UR (late apoptotic 
cells) and LR (early apoptotic cells), the treated 
cells were found to have higher values (3.14 and 
7.04 %, respectively; Table 2) 
Changes of BAX, Bcl-2, Beta-catenin and, WIF1 
gene expression by qRT-PCR 

The expression of GAPDH, as an internal 
control gene, was constant. The expression of 
Bcl-2 and BAX genes, as the key elements of 
apoptosis pathways, was measured relative to the 
reference gene (GAPDH). The results of qRT-
PCR indicated that BAX gene expression increased 

significantly (P < 0.001) at the concentration of 
200µM Nic-ALA derivative and time scales of 
48 and 72 h (Figure 6A). Bcl-2, the other member 
of the apoptosis signaling pathway, decreased 
significantly (P < 0.001) at the concentration of 
200µM Nic-ALA and time scales of 48 and 72 h 
in A375 melanoma cells (Figure 6B). Evaluation 
of WNT signaling pathway was performed 
through beta-catenin and WIF1 gene expression 
analysis. Furthermore, in Figure 6C, we observed 
that 200µ Nic-ALA induced a significant increase 
(P < 0.001) in the nuclear beta-catenin in A375 
melanoma cells. Furthermore, the WIF1 gene 
expression reached its highest expression rate at 
this concentration tat the time intervals of 48 and 
72 h (P < 0.05; Figure 6D). 

 
Discussion 

The present work demonstrated the antipro-
liferative and apoptotic effects of a novel Nic-ALA 
derivative on A375 melanoma cancer cell line. 
Additionally, it changed the expression level of 
antiapoptotic Bcl-2 and pro-apoptotic BAX genes 
of apoptosis and WIF1 and beta-catenin genes 
from WNT signaling pathways. Despite previous 
findings in cancer therapy, toxicity of normal 
cells and development of drug resistance due to 
the modulation of the expression of different 
genes and their molecular products involved in 
cell death, proliferation, and survival, persuaded 
researchers to design more efficient anticancer 
treatments and combinational therapies for 
targeting different molecular signals involved in 
cancer cell death.  

Saturated, monounsaturated, and trans fatty 
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Table 1. Forward and reverse primer sequences of WIF1, Bcl-2, BAX, Beta-catenin, and GAPDH genes 
Gene Primer 
WIF1 F: 5′- CCGAAATGGAGGCTTTTGTA -3′ 

R: 5′- TGGTTGAGCAGTTTGCTTTG -3′ 
Bcl-2 F: 5′- TGGGAAGTTTCAAATCAGC -3′ 

R: 5′- GCATTCTTGGACGAGGG -3′ 
BAX F: 5′- TGGCAGCTGACATGTTTTCTGAC -3′ 

R: 5′- TCACCCAACCACCCTGGTCTT -3′ 
β-catenin F: 5′-CTCTGATAAAGGCTACTGTTGGATTGATTC-3′ 

R: 5′-TTGCTGCTGTGTCCCACCCA-3′ 
GAPDH F: 5′-CATGGCCTCCAAGGAGTAAG-3′ 

R: 5′-GGTCTGGGATGGAATTGTGA-3′ 
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acids enhance the risk of cancer incidence by 
jeopardizing cellular immunity, if a high amount 
is taken.30 In contrast, omega-3 PUFAs improve 
cellular immune function and lessen the tumor 
incident, increase the expression of TNF-a, IL-
1b, IL-6, and IL-8, suppress the level of reactive 
oxygen species, and affect the metabolism of 
nutrient in cancer cells.30, 31 To date, numerous 
studies have demonstrated that omega-3 induces 
cell death through apoptosis32 and nicotinic acid 
prevents angiogenesis via cytoskeleton 
remodeling,18 suggesting that ALA synthesis, as 
omega-3, and nicotinic acid, as a new derivative, 
may be safe chemo-preventive and therapeutic 
agents for certain types of cancer. Our previous 
study focused on the synthesis of polyunsaturated 
acid derivatives and the effect of chrysin- omega-
3 and -6 derivatives that are the inhibitors of 
tyrosinase enzyme which is overexpressed in 
melanoma.33 In addition, our other study 
investigated the inhibitory effects of benzoic acids 
and pyridine compounds as the potential 
therapeutic inhibitors on tyrosinase enzyme and 
A375 melanoma cell line. The concentrations at 
which the inhibitors reduced the cell density up 
to 50% (IC50) were obtained at 3.61 and 2.42 
mM for nicotinic and picolinic acids, 
respectively.34  

Combining the anticancer agents to augment 
or eliminate the drawbacks of the agents is a well-
established approach to cancer chemotherapy.35 

As mentioned in the results of the MTT assay in 
figure 2, the IC50s of Nic-ALA on A375 melanoma 
cell line were 166.7, 144.2, and 146.1µM for the 
time scales of 24, 48, and 72 h, respectively, which 
emphasizes furhter antiproliferative effect of this 
new derivative compared with the nicotinic acid 
and ALA alone. In a similar study, He et al. 
generated a derivative of curcumin by adding 
two niacin molecules which improved bioavail-

ability and exhibited a notable antiproliferative 
function against cancer cell lines of the colon 
(HCT116), breast (MCF-7), and nasopharyngeal 
(CNE2, 5-8F, and 6-10B).36 Moreover, induction 
of apoptosis in addition to arresting the cell cycle 
at the G2/M phase with a p53-mediated 
mechanism was found to be the main approach 
of this derivative while maintaining a high level 
of selectivity.  

It has been reported that quercetin and its ester 
derivative were not transported during paracellular 
pathways. It was also poorly absorbed by active 
transport, whereas its ester derivative was mainly 
absorbed by passive diffusion.37 Therefore, it 
could be suggested that improving the lipophilicity 
of nicotinic acid by conjugation with an aliphatic 
carboxylic acid could increase its transport across 
the cell membrane as reported in figures 2 and 4. 
According to these figures, the apoptosis 
percentage of A375 melanoma cell line increased 
dramatically in comparison with the control groups 
in time steps of 48 and 72 h. We synthesized this 
derivative of nicotinic acid to improve its bioavail-
ability and transport efficiency; this molecular 
structural modification probably augments its 
intestinal absorption. Nicotinic acid and 
nicotinamide adenine dinucleotide (NADC) are 
the two precursors of vitamin B3 or niacin.  These 
two compounds act as a substrate of NADC-
degrading enzymes, such as poly (ADP-ribose) 
polymerases (PARPs), CD38, and sirtuins. 
Additionally, 1 NADC degradation by PARP1/2 
allows PAR production and DNA repair and 
through DNA damage, PARP1/2 activity leads 
to cell demise by apoptosis.17 Furthermore, 
previous reports concerning nicotinic acid 
receptors in human skin keratinocytes have 
indicated the protective role of niacin as a potential 
skin cancer prevention. Thus, this receptor is a 
potential target for skin cancer prevention agents.38 
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Table 2. Mean ± SD among LL (normal live cells), UL (necrotic cells), UR (late apoptotic cells), and LR (early apoptotic cells) in 
untreated and treated groups with Nic-ALA derivative in A375 melanoma cell line 

LL UL UR LR 

Control 92.66 ± 0.87 2.98 ± 0.95 2.07 ± 0.75 2.28 ± 0.27 
Treated 87.93 ± 1.93 1.87 ± 0.25 3.14 ± 0.88 7.04 ± 1.74 
LL: Lower left; UL: Upper left; UR: Upper right; LR: Lower right 
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The gene expression data exhibited in figures 
6A- and -B showed the upregulation of BAX and 
down-regulation of Bcl-2 in A375 melanoma cell 
line treated with Nic-ALA. The control and 
induction of apoptosis are related to the ratio of 
anti- and pro-apoptotic protein expression, such 
as Bcl-2/BAX as the main mitochondria-related 
apoptotic factors. The consequence is the release 
of cytochrome c from the mitochondria into the 
cytosol, leading to caspase-9 activation and 
another cascade of caspases, thereby adducting 
the intrinsic cell death apoptosis pathway.39 Based 
on the significant expression rate of the mentioned 
genes in 200µM concentration of Nic-ALA 
compared with the GAPDH as an internal control 
gene, the lower ratio of Bcl-2 to BAX was due to 
the elevation of BAX and the decrease in Bcl-2; 
this proved the significant apoptotic effect of the 
new derivative in comparison with the control 
group. In accordance with this study, the universal 
involvement of Bcl-2/BAX in cancer cells and 
the positive effect of its down-regulation on 
apoptosis has been frequently observed;22, 40-43 
the vital role of Bcl-2/BAX was vividly presented 
by Sheng and Wei who reported that the 
knockdown of CASC15 prevented Wnt/β-catenin 
signaling pathway and inhibited β-catenin 
expression, which ultimately enhanced apoptosis 
of melanoma cells through reducing the expression 
of Survivin and Bcl-2 and upregulating BAX in 
A375 and SK-MEL-28 cells lines.41 Curcumin 
has been known to inhibit cell proliferation, while 
inducing apoptosis and increasing caspase-3 
activity in cancer cells. Mou et al. found that 
curcumin’s apoptotic effect is through down-
regulation of Bcl-2 and PI3K protein and 
upregulation of the phospho (p)-Akt protein 
expression of human laryngeal cancer cells.40 

In other studies on normal cells, niacin 
pretreatment has been shown to protect the skin 
keratinocytes (HaCaT cells) against UV-induced 
cell death and apoptosis by enhancing the pro-
survival pathways AKT, mTOR, and S6. mTOR 
promotes cell survival and stimulating cell growth 
and eIF4E, as an essential downstream effector of 
mTOR, induces its control activity on cell survival 
through 4E-BP1.44 A few primary antiapoptotic 

agents, such as XIAP, c-IAP1, Bcl-XL, and Bcll-
2, are mTORC1 and cap-dependent.45 

Wnt/βeta-catenin pathway has been reported 
to be a predisposing factor in melanoma 
contributing to its progression.46-48 Thus, inhibiting 
this pathway through the inhibitors, 
overexpression of the WIF1 gene would be of 
paramount significance. In our previous studies, 
we observed that Omega-3 increased WIF1 gene 
expression in a time-dependent manner and 
reduced WT1 mRNA in a time and concentration-
dependent manner, leading to a decrease in cell 
viability in pancreatic cancer.49 A study showed 
that a nuclear protein (Nop14) inhibits melanoma 
proliferation and invasion via this pathway.50 In 
a research conducted in 2016, endogenously 
synthesized n-3 fatty acids were observed to stop 
melanoma development through increasing E-
cadherin expression and inhibiting 
AKT/beta-catenin signaling pathway.51 Beta-
catenin has a connection with WNT signaling 
pathway by activating the transcription of genes 
responsible for developing cells. It also acts in 
cell adhesion at the plasma membrane. Either of 
these functions is dysregulated in human 
malignancies.52 In a study, it was demonstrated 
that downregulation of beta-catenin results in 
malignant transformation.53 However, it has been 
reported that the overexpression of WIF1, as a 
tumor suppressor gene, results in the inhibition 
of cell development in various cancer cell lines.54 

In line with these studies, as illustrated in figures 
6C and 6D, the significant increase of beta-catenin 
and WIF1 expression levels in the treated cells 
with 200 µM concentrations of Nic-ALA proved 
the anticancer effect of this novel derivative. We 
hypothesized that the stimulatory effect of Nic-
ALA on WIF1 could be ssociated with 
modifications induced by this derivative in the 
molecular pathway of beta-catenin. Various studies 
have shed light on the importance of Wnt/beta-
catenin signaling pathway in metabolism of energy 
and cellular development; thus, this pathway 
holds a therapeutic potential for different cancers.55 
In agreement with this study, where enhancement 
of beta-catenin suggested a positive involvement 
in Wnt/beta-catenin signaling pathway in 
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encouraging apoptosis in melanoma cancer cells, 
several other researches have confirmed the same 
findings.56-59 Most recently, Uka et al. revealed 
that even temporal activation of Wnt/ BETA-
CATENIN signaling pathway can prevent the 
expression of a critical transcription factor, Sox10, 
in melanoma growth and proliferation.48 On the 
other hand, a large body of literature still favors 
the oncogenic nature of this signaling pathway;  
for instance, Sarma et al. indicated that by loosing 
AD6B, a ubiquitin-conjugating enzyme, led to 
disruption of the expression of melanoma 
phenotype as result of inhibiting Wnt/beta-catenin 
signaling pathway.60 Moreover, Sheng and Wei 
observed an increase in the relative expression 
of CASC15, as a carcinogen, and /beta-catenin. 
In their study, knocking down the former led to 
downregulation of  Wnt/beta-catenin signaling 
pathway. Accordingly, they concluded that the 
proliferation, migration, and invasion of CASC15 
are associated with the activation of this pathway.41 
Despite significant endeavors, the exact role of 
Wnt/ beta-catenin signaling pathway still remains 
controversial.  

 
Conclusion 

Overall, the newly designed Nic-ALA induced 
its antiproliferative and apoptotic effects on A375 
melanoma cell line in a time and concentration-
dependent manner, its lower IC50 compared to 
nicotinic acid alone. ALA proved that this 
molecular modification induced further bioavail-
ability for the treated cells. The induction of 
apoptosis by Nic-ALA was achieved by down-
regulation of Bcl-2 and upregulation of BAX and 
increasing the expression level of beta-catenin 
and WIF1 as prominent members of WNT 
signaling pathways, which proved the anticancer 
effect of this nicotinic acid omega3 fatty acid 
derivative. Therefore, this new derivative, such 
as niacin and nicotinamide, could be proposed 
for further studies as a chemo-preventive 
supplement candidate for skin cancer and 
disorders.  
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