
Research Article

ISSN: 2574 -1241              DOI: 10.26717/BJSTR.2024.58.009221

The Association Between Diverse Dietary 
Micronutrients and the Risk of Cutaneous Melanoma: 
Findings from the 2001-2018 NHANES Data Combined 

with Mendelian Randomization Analysis

Copyright@ :  Ke Ma | Biomed J Sci & Tech Res | BJSTR.MS.ID.009221. 50962

Sheng De Liang1, Yu Chou Zhang2, Song Huang2, Ming Yang Wu1 and Ke Ma1*
1The First Affiliated Hospital of Guangxi Medical University, Plastic and Aesthetic Surgery, China
2The First Affiliated Hospital of Guangxi Medical University, Intensive Care Medicine Department, China

*Corresponding author: Ke Ma, The First Affiliated Hospital of Guangxi Medical University, Plastic and Aesthetic Surgery, Nanning, 530000, 
China

ABSTRACT

Background: Cutaneous melanoma poses a global public health concern. The aim of this study is to ascertain the 
risk factors for cutaneous melanoma and elucidate its causal relationships.

Methods: Data were derived from the National Health and Nutrition Examination Survey (NHANES) and 
Mendelian Randomization (MR) databases. Baseline characteristics of individuals with and without cutaneous 
melanoma were compared. Multivariable logistic regression analysis was employed to calculate the impact of 
various variables on cutaneous melanoma. MR analysis was used to assess the causal effect of micronutrient 
intake levels on cutaneous melanoma.

Results: A total of 38,130 patient data were included in the study (37,882 normal, 248 melanoma patients). 
There were no significant differences in the intake of 15 dietary micronutrients between the cutaneous 
melanoma group and the control group before and after propensity score matching (PSM). After adjusting 
for various covariates, dietary micronutrient intake was also found to have no statistically significant impact 
on cutaneous melanoma according to the logistic regression model. However, MR analysis revealed causal 
relationships between blood selenium and potassium levels and the risk of cutaneous melanoma (Selenium 
(IVW, P<0.001, OR: 0.780 (0.694-0.877)), Potassium (IVW, P=0.012, OR: 0.399 (0.194-0.819))). There were no 
causal relationships between the remaining 13 micronutrients and cutaneous melanoma. Goodness-of-fit tests 
and sensitivity analyses were conducted to validate the reliability of the results.

Conclusion: There is no correlation between dietary micronutrients and increased risk of cutaneous melanoma, 
indicating that dietary selenium and potassium intake may not be responsible for the protective effect of serum 
or blood intake of micronutrients against melanoma risk. These findings provide a new perspective for the 
treatment of cutaneous melanoma.
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Introduction 
Melanoma represents a potentially fatal cancer, with cutaneous 

melanoma being the most prevalent form, consistently remaining a 
primary focus of clinical investigation, manifesting intricate hetero-
geneity in its pathogenesis and presentation. Its incidence has been 
reported to exhibit a sustained upward trajectory globally, with an 
estimated annual incidence of 325,000 cases of malignant melanoma 
(MM) and a related mortality rate of 57,000 cases per year. It is pro-
jected that by 2040, the incidence of MM will further increase by 50%, 
with the mortality rate rising to 96,000 cases annually [1]. Several 
risk factors have been associated with melanoma, including environ-
mental, genetic, or immune-related changes, yet the precise etiology 
remains elusive. Particularly noteworthy is the prolonged exposure to 
sunlight or artificial ultraviolet (UV) radiation, which induces severe 
DNA damage in skin cells, resulting in a significant mutational bur-
den and ultimately culminating in melanoma formation [2,3]. Certain 
phenotypic characteristics, such as fair skin, red hair, and freckles, are 
also linked to UV sensitivity and a heightened risk of melanoma [4]. 
Furthermore, an individual’s genetic background has been demon-
strated to be closely correlated with susceptibility to melanoma, with 
the melanoma genome classified into one of four subtypes based on 
the pattern of prevalent mutations in genes: mutant BRAF, mutant 
RAS, mutant NF1, and Triple-WT (wild-type) [5]. Additionally, re-
search on immunosuppressive factors indicates that immune system 
dysregulation may provide favorable conditions for the development 
of melanoma.

In early-stage melanoma, when the tumor is confined to the skin, 
surgical excision typically results in a cure [6]; however, treatment 
becomes more complex upon progression to metastatic melanoma. 
Modern effective systemic therapies for malignant melanoma com-
prise two pivotal treatment modalities: immune checkpoint inhib-
itors (ICIs), including inhibitors of cytotoxic T-lymphocyte antigen 
4, programmed cell death 1, and lymphocyte activation gene 3; and 
small molecule BRAF/MEK inhibitor therapy. These therapies have 
revolutionized the treatment approach for advanced melanoma pa-
tients, significantly enhancing clinical outcomes [7,8]. With the in-
creased utilization of ICI therapy for melanoma and other cancers, 
associated immune-related adverse events become more prevalent. 
Some adverse events of ICI therapy, such as adrenal insufficiency, 
may be life-threatening but present with nonspecific symptoms, po-
tentially easily overlooked by providers unfamiliar with these treat-
ment modalities [9]. Hence, despite recent advances in therapeutic 
options, limitations persist, necessitating the development of novel 
therapies that can both improve outcomes and mitigate adverse reac-
tions. Trace elements refer to elements in the human body with con-
centrations between 0.01% and 0.005% of body weight, such as zinc, 
selenium, and iron, which are crucial for normal cellular function and 
metabolism. 

Currently, four main groups of metals are considered essential 
for normal biological function: sodium (Na), potassium (K), magne-
sium (Mg), and calcium (Ca), along with six d-block transition metals: 
manganese (Mn), iron (Fe), cobalt (Co), copper (Cu), zinc (Zn), and 
molybdenum (Mo). Essential trace elements are provided by food in-
take. Previous studies have suggested an association between trace 
element exposure and the occurrence of melanoma [10]. For instance, 
after adjusting for sunlight exposure and education level, individuals 
with higher toenail copper levels among melanoma patients exhibit-
ed an excess risk, while high iron concentration was associated with 
reduced disease risk, with no other differences observed in remain-
ing elements [10,11]. When exposed to ultraviolet radiation, iron/
ferrous iron levels increase in the skin [12], participating in catalyz-
ing redox reactions. In the presence of UVA radiation, redox reactions 
can generate reactive oxygen species (ROS), playing a significant role 
in UVA-mediated skin cell damage [13]. Matrix metalloproteinases 
(MMPs), zinc-containing endopeptidases, contribute to changes in 
the extracellular matrix (ECM), possibly leading to skin wrinkles, a 
hallmark of premature skin aging. ECM degradation is the initial step 
in tumor cell invasion in photo carcinogenesis. Additionally, MMPs 
participate in angiogenesis, promoting cancer cell growth and migra-
tion [14]. In current research, various vitamins have been shown to 
play important roles in the development of skin cancer. 

Vitamin C is involved in the formation of the skin barrier and 
collagen in the dermis, exerting physiological effects in cell signaling 
pathways related to skin oxidation resistance, anti-wrinkle proper-
ties, and cell growth and differentiation, all of which are relevant to 
the occurrence and development of various skin diseases [15]. De-
rivatives of vitamin D, such as 1,25 (OH)2D3 or 20 (OH)D3, can effec-
tively reduce the proliferation of skin cancer cells by inhibiting cell 
growth and development, highlighting the role of vitamin D as a favor-
able prognostic factor [16]. Moreover, molecular and clinical patho-
logical studies indicate a correlation between defects in vitamin D 
signaling and melanoma progression and disease outcomes [17]. Skin 
photodamage, partially mediated by oxidative pathways, provides ev-
idence suggesting that antioxidants such as vitamin E and β-carotene 
in the skin may have photoprotective effects, mediated by their ability 
to quench singlet oxygen, scavenge free radicals, and prevent free rad-
ical formation [18]. Therefore, deficiencies or excessive intake of trace 
elements and various vitamins may disrupt normal cellular function, 
thereby affecting the proliferation and malignant transformation of 
melanocytes. In conclusion, epidemiological studies on trace element 
and multiple vitamin exposure in relation to cutaneous melanoma 
are limited, necessitating research with larger sample sizes and pro-
spective designs to enhance our understanding of the effects of trace 
elements on melanoma.

This study will utilize data from the National Health and Nutrition 
Examination Survey (NHANES) from 2001 to 2018, combined with 
Mendelian randomization analysis methods, to systematically explore 
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the relationship between different trace elements and the risk of mel-
anoma. Genome-wide association studies (GWAS) on melanoma and 
micronutrients have facilitated large-scale meta-analyses, enabling 
MR analysis of two samples and significantly enhancing statistical 
power. By delving into extensive population data, we hope to uncov-
er the potential mechanisms of trace elements in the pathogenesis of 
melanoma, providing a more scientific basis for the prevention and 
treatment of melanoma. This article involves trace elements including 
Copper, Calcium, Carotene, Folate, Iron, Magnesium, Potassium, Sele-
nium, Zinc, Vitamin A, Vitamin B12, Vitamin B6, Vitamin C, Vitamin D, 
and Vitamin E.

Method
Source of Melanoma Cases

Population demographics, dietary habits, and questionnaire re-
sponses were obtained from the National Health and Nutrition Exam-
ination Survey website (https://www.cdc.gov/nchs/nhanes/index.
htm). Nine two-year cycles from 2001 to 2018 were selected from 
the NHANES database, comprising 18 years of Demographics Data, 
Dietary Data, and Questionnaire Data, with a total of 70,882 partici-

pants. Excluding 32,752 patients with missing dietary data or mela-
noma data, a total of 38,130 patient data were included in the study 
(37,882 normal, 248 melanoma patients). Analysis was conducted on 
the dietary micronutrient intake of participants. The selection process 
from the NHANES database is illustrated in Figure 1A. Tumor diagno-
ses were obtained from the NHANES questionnaire. Participants were 
asked two consecutive questions: “Have you ever been told by a doc-
tor or other health professional that you had cancer or a malignant tu-
mor?” and “What kind of cancer?” Melanoma patients and non-tumor 
participants were subsequently selected for inclusion in the study. 
The weight for 2001-2018 (9 cycles) was calculated as 1/9*wtint2yr.
Participants were asked to report their intake of trace elements from 
their diet. Dietary micronutrient intake was assessed using informa-
tion obtained from the first recall interview, with wtint2yr selected as 
the study weight. Serum copper was tested in NHANES from 2001 to 
2018 using laboratory methods as detailed on the NHANES website. A 
total of 70,882 participants underwent screening, with data recorded 
on dietary copper intake and serum copper levels. Covariates includ-
ed demographic information. Self-reported demographic information 
included gender, age, race, marital status, and education level.

Figure 1:
A.	 GWAS data and NHANES data processing flow.  
B.	 GWAS data source and sample size.
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Statistical Analysis

All data in this study were analyzed using the “nhanes” R pack-
age in R version 4.3.2 software. Categorical variables, including all 
covariates, were presented as percentages and total numbers. The 
comparison of categorical variable groups was performed using the 
chi-square test or exact Fisher test. Micronutrient intake levels were 
continuous variables presented as mean ± standard deviation. Statis-
tical comparisons of continuous variables were primarily conducted 
using independent samples t-tests or non-parametric Mann-Whitney 
U tests. To enhance the reliability of observational experiments and 
reduce bias, propensity score matching (PSM) analysis was employed 
with a 1:1 ratio, matching melanoma patients with non-tumor partic-
ipants based on covariates. A multivariate logistic regression model 
was constructed using logistic regression to explore the relationship 
between dietary micronutrient intake levels and melanoma risk be-
fore and after PSM. Subgroup analyses were performed based on 
micronutrient intake levels, gender, age, education level, and marital 
status before and after PSM matching.

Mendelian Randomization Study and GWAS Data Source

Mendelian randomization (MR) is a prospective causal inference 
method that utilizes genetic variation as instrumental variables to as-
sess the impact of exposure factors on observed data outcomes. MR 
can mitigate non-measurement errors or confounding factors and cir-
cumvent reverse causality through Mendelian genetic laws [19,20]. 
GWAS data were used for Mendelian randomization analysis. SNP 
information was extracted from genome-wide association studies of 
15 micronutrients. Due to high statistical efficiency, the primary sta-
tistical method used was the inverse variance weighted method. Data 
were obtained from the IEU Open GWAS, UK Biobank, and Finn data-
bases, and genetic variations for melanoma were acquired. All data 
used in this study are openly accessible and do not require additional 
ethical approval. Blood micronutrients served as exposure factors, 
with melanoma as the outcome factor. Only p-values < 5×10−8 and 
minor allele frequencies > 1% were considered for selection. Within 
1000 kb frames, the linkage disequilibrium (LD) cutoff value was set 
at R2 < 0.001. Heterogeneity and pleiotropy were also assessed sep-
arately. GWAS data for 15 micronutrients were found, including Cop-
per, Zinc, Calcium, Selenium [21], Carotene, Folate, Iron, Magnesium, 
Potassium, Vitamin A, Vitamin B12, Vitamin B6, Vitamin C, Vitamin D, 
and Vitamin E, as depicted in the Figure 1B. 

For MR analysis, single nucleotide polymorphisms (SNPs) as-
sociated with exposure (P < 5 × 10–8) were selected as IVs. Inverse 
variance weighted (IVW), MR-Egger, weighted median, and weight-
ed mode methods were used to evaluate the causal impact of blood 
micronutrients on melanoma. MR was based on three assumptions, 
including correlation, independence, and exclusion restrictions. Co-
chran’s Q statistic was used to assess heterogeneity. MR-Egger regres-
sion intercept was used to check for horizontal pleiotropy. Leave-one-
out sensitivity analysis was conducted to validate the robustness of 
the results. Causal relationships were considered only when IVW esti-
mates were consistent with at least one direction of sensitivity analy-
sis results and statistically significant, with no evidence of pleiotropic 
effects (P > 0.05). Effect sizes were expressed as odds ratios (ORs), β 
coefficients, or proportions, accompanied by 95% confidence inter-
vals. All MR analyses were conducted using R software packages “Two 
Sample MR,” “Mendelian Randomization,” and “MVMR.” All Mendelian 
randomization analyses were performed using R version 4.3.2.

Results
Participant Characteristics of Dietary Copper Intake Be-
fore PSM

The enrollment process of this study is illustrated in Figure 1. Af-
ter excluding participants with missing values and those under the 
age of 20, a total of 38,130 participants were included in the study. 
Table 1 provides the baseline characteristics of this study. When com-
paring melanoma patients with non-tumor patients, statistically sig-
nificant p-values were found for categorical variables such as race (p 
< 0.001), age (p < 0.001), education level (p < 0.001), marital status (p 
< 0.001), and gender (p = 0.032). Among participants with melanoma, 
48.5% were male and 51.5% were female. In terms of racial compo-
sition, Mexican Americans accounted for 17.3%, Other Hispanics for 
8.9%, Non-Hispanic whites for 41.8%, NonHispanic blacks for 22.1%, 
and Other races for 9.9%. Differences were observed in education lev-
el and marital status. Specific details are depicted in the Table 1. In or-
der to reduce the impact of confounding factors and eliminate bias in 
observational studies, we conducted 1:1 propensity score matching 
(PSM). There were no statistically significant differences in covariates 
between melanoma patients and matched non-tumor participants. 
The propensity score matching and characteristics of dietary micro-
nutrient intake after PSM are illustrated in the Figure 2.
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Table 1: Basic characteristics of population distribution.
Mean SD

AGE 46.3 ± 17.0

N (%)

GENDER

Man 18478 (48.5%)

Female 19652 (51.5%)

RACE

Mexican Americans 6601 (17.3%)

Other Hispanics 3412 (8.9%)

NonHispanic white 15921 (41.8%)

NonHispanic black 8420 (22.1%)

Other races 3776 (9.9%)

EDUCATION

Less than 9th grade 3918 (10.3%)

9-11th grade (Includes 12th grade with no diploma) 5550 (14.6%)

High school graduate/GED or equivalent 8893 (23.3%)

Some college or AA degree 11249 (29.5%)

College graduate or above 8484 (22.3%)

Refused 9 (0.0%)

Don’t Know 27 (0.1%)

MARITAL STATUS

Married 19715 (51.7%)

Widowed 2335 (6.1%)

Divorced 3930 (10.3%)

Separated 1298 (3.4%)

Never married 7522 (19.7%)

Living with partner 3312 (8.7%)

Refused 16 (0.0%)

Don’t Know 2 (0.0%)

Before and After PSM, Logistic Regression Analysis of the 
Relationship between Dietary Micronutrients and Mela-
noma

The population screening process for obtaining serum copper 
data from the included subjects (n= 26,401) is illustrated in Figure 
1A, including 248 melanoma subjects and 37,882 non-tumor subjects. 
In both melanoma and non-tumor populations, age (p<0.001), dietary 
micronutrients vitamin B6 (p=0.036), total folate (p=0.001), calcium 
(p=0.003), copper (p<0.001), and selenium (p=0.004) showed sta-
tistical significance (Table 2). Given the possibility of few melanoma 

patients, we conducted PSM to control for the influence of covariates 
on the results (Figure 2). Under a 1:1 PSM, we observed no significant 
differences in dietary micronutrients among the melanoma popula-
tion (p>0.05) (Table 2). To further explore the relationship between 
changes in serum copper levels and the likelihood of melanoma oc-
currence, we constructed multivariable logistic regression models 
with and without PSM, adjusting for age, gender, race, education level, 
and marital status. Table 3 shows that dietary micronutrient intake 
before and after PSM was not statistically significant and unrelated to 
the risk of melanoma occurrence.
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Table 2: T-test before and after PSM.

Pre-PSM Post PSM

Variables t df. P value t df. P value

VITAMIN.A -1.089 252.72 0.277 1.772 490.828 0.077

α-CAROTENE -0.108 250.561 0.914 0.624 493.815 0.533

β-CAROTENE -1.397 251.558 0.164 1.463 490.536 0.144

VITAMIN.B6 -2.109 252.382 0.036 -0.075 475.125 0.94

TOTAL FOLIC.ACID -2.65 252.282 0.009 0.896 474.663 0.371

FOLIC.ACID -1.13 252.283 0.26 0.295 461.115 0.768

VITAMIN.B12 -1.555 254.797 0.121 0.289 488.15 0.773

VITAMIN.C -1.374 252.11 0.171 0.307 493.389 0.759

CALCIUM -2.981 252.484 0.003 0.503 493.398 0.615

MAGNESIUM 0.181 250.665 0.857 -1.865 461.822 0.063

IRON -0.683 251.224 0.495 0.622 478.07 0.535

ZINC -1.197 253.272 0.233 0.345 490.376 0.73

COPPER -4.75 261.578 0 0.85 490.818 0.396

POTASSIUM -1.376 251.439 0.17 0.556 493.867 0.578

SELENIUM -2.929 252.62 0.004 0.603 483.491 0.547

Table 3: Logistic regression analysis before and after PSM.

Pre-PSM Post PSM

Score Significance Score Significance

VITAMIN.A 3.464 0.063 0.009 0.927

α-CAROTENE 0.932 0.334 0.012 0.911

β-CAROTENE 1.167 0.280 0.000 0.995

VITAMIN.B6 0.177 0.674 0.586 0.444

TOTAL.FOLIC. ACID 0.030 0.862 0.094 0.760

FOLIC.ACID 0.099 0.754 0.021 0.883

VITAMIN.B12 0.469 0.494 1.446 0.229

VITAMIN.C 0.528 0.468 0.09 0.764

CALCIUM 0.520 0.471 0.002 0.966

MAGNESIUM 0.056 0.813 0.484 0.487

IRON 1.089 0.297 0.036 0.849

ZINC 0.049 0.825 0.054 0.816

COPPER 1.078 0.299 0.492 0.483

POTASSIUM 1.269 0.260 1.39 0.238

SELENIUM 1.529 0.216 0.008 0.929
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Figure 2: SMD diagram before and after PSM (age, race, gender, marital status, education).

Mendelian Randomization Results

A total of 198 significant SNPs were obtained for 15 micronu-
trients, and Mendelian randomization analysis was conducted with 
melanoma GWAS data (finngen_R9_C3_MELANOMA_SKIN_EXALLC). 
The analysis revealed a correlation between serum selenium and 
serum potassium and the risk of melanoma, where selenium (IVW, 
P<0.001, OR: 0.780 (0.694-0.877)) and potassium (IVW, P=0.012, OR: 
0.399 (0.194-0.819)) (Figure 3). Based on these results, we concluded 
that there is a causal relationship between serum selenium, serum 
potassium, and melanoma in the European population. Cochran’s Q 
and MR-Egger intercept tests confirmed the absence of heterogeneity 

and horizontal pleiotropy in the MR analysis. Leave-one-out analysis 
showed that the results remained stable when removing individual 
SNPs, indicating the reliability of MR estimates. In MVMR analysis, af-
ter adjusting for serum potassium, the causal relationship between 
serum selenium and cutaneous malignant melanoma still existed 
(p=0.005, OR 0.795 (0.677-0.933)), while after adjusting for serum 
selenium, the causal relationship between serum potassium and cu-
taneous malignant melanoma lost statistical significance (Figure 4). 
All directions and statistical significance of the IVW results in MVMR 
were consistent with the results of MVMR Lasso regression analysis, 
and MVMR Egger analysis indicated no directional pleiotropy of the 
instrumental variables.
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Figure 3: Results of Mendelian randomization analysis.

Figure 4: MVMR analysis of selenium and potassium.

Discussion
The biological characteristics of trace nutrients have long been a 

focal point of research. However, their role in melanoma formation re-
mains elusive. Our study marks the first endeavor to assess the causal 
relationship between dietary intake of trace nutrients and melano-
ma using GWAS data. Within this investigation, we scrutinized data 
from participants in the NHANES survey spanning from 1999 to 2004 
to identify risk factors associated with melanoma. Moreover, we em-
ployed MR methodology to evaluate the causal impact of trace nutri-
ent levels in the diet on melanoma. In our MVMR analysis, even after 
adjusting for serum Potassium, a causal relationship between serum 
Selenium and cutaneous malignant melanoma persisted. Conversely, 
the statistical significance of the causal relationship between serum 
Potassium and cutaneous malignant melanoma was lost after adjust-

ing for serum Selenium, suggesting a substantial modulatory effect of 
serum Selenium on the influence of serum Potassium on cutaneous 
malignant melanoma. Observational study findings indicate that, after 
adjusting for various confounding factors, the levels of trace nutrients 
in the diet show no statistically significant correlation with melano-
ma risk, whereas MR analysis confirms a negative causal relationship 
between Selenium and Potassium and melanoma. This represents the 
first large-scale study to investigate the causal relationship between 
trace nutrients and melanoma in real-world populations at the genet-
ic level, with goodness-of-fit tests and sensitivity analyses validating 
the reliability of our results.

Selenium (Se) is an essential trace element with crucial biologi-
cal functions in human health. Unlike other (semi)metals, it is incor-
porated into proteins via the cotranslation mechanism, serving as 
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part of the amino acid selenocysteine (SeCys), the 21st amino acid 
utilized in human protein synthesis [22]. Selenium can exist in a free 
form in foods rich in selenoamino acids. Dietary intake of selenium 
comes from plant products containing selenoamino acids and meth-
ylselenocysteine (grains, fruits, Brazil nuts, broccoli, garlic, onions, 
and cabbage) [23]. Selenium plays a wide-ranging role in the human 
body, involving inflammation [24], anticancer properties [25], redox 
homeostasis [26], growth and development [27], and anti-aging pro-
cesses [28]. Selenium exhibits antioxidant activity at optimal doses, 
while at supra nutritional doses, it demonstrates pro-oxidative activ-
ity. Redox-active selenium compounds can be utilized in cancer ther-
apy, with recent focus particularly on selenium-containing nanopar-
ticles [29]. However, selenium appears to exert a dual role in tumor 
development, where moderate elevation of selenium levels in the skin 
may accelerate the growth of early-stage tumors, while certain seleni-
um compounds administered at very high doses can be used to treat 
fully malignant tumors or prevent recurrence [30]. In some studies, 
selenium has been found to have inhibitory effects on melanoma de-
velopment. For instance, patients were categorized into four groups 
based on increasing selenium levels (quartiles I-IV). 

Compared to patients with high selenium levels, the subgroup 
with low selenium levels showed significantly decreased survival 
rates, with HR = 8.42; p = 0.005 and HR = 5.83; p = 0.02, respectively, 
in univariate and multivariate models. Univariate analysis also con-
firmed associations between Breslow thickness, Clark classification, 
and melanoma prognosis age. In summary, low serum selenium levels 
are associated with increased 10-year mortality rates after melano-
ma diagnosis [31]. Biologically available selenium from selenium-rich 
mustard cake helps prevent hydrogen peroxide-induced cytotoxicity 
in melanoma cells [32]. Selenium-binding proteins are downregu-
lated in melanoma, and their re-expression reduces melanoma cell 
proliferation [33]. Selenium inhibits melanoma cell proliferation in a 
dose-dependent manner, with growth inhibition linked to arrest in the 
G0/G1 phase of the cell cycle. Selenium treatment time-dependently 
suppresses mRNA and protein levels of CDK2/CDK4. In vivo, seleni-
um does not inhibit tumor growth; instead, it exerts inhibitory effects 
on tumor metastasis in mice [34]. Conversely, in other studies, sele-
nium has been found to promote melanoma development. Drinking 
water with inorganic hexavalent selenium levels close to the Europe-
an standard of 10μg/L may have adverse effects on cancer incidence. 
Higher plasma selenium levels are closely associated with melanoma 
risk in unmatched and matched logistic regression models as well as 
nonparametric generalized additive models [35]. 

Melanoma incidence in the exposed cohort is 3.9 times that of the 
unexposed cohort [36]. Currently, various forms of selenium are uti-
lized in melanoma treatment regimens, with particular attention giv-
en to novel nanomaterials. Intracellular ROS detection demonstrates 
that under the presence of Se-PEG-Cur, dual-induced ROS production 
from PTT and SDT reaches its peak. Therefore, Se-PEG-Cur is intro-

duced as an absorber for laser and ultrasound in cancer therapy [37]. 
Surface-functionalized selenium nanoparticles with 5-fluorouracil 
induce caspase-dependent apoptosis in A375 cells, relying on ROS 
production, achieving synergistic anticancer effects [38]. PCP-SeCN 
induces cell apoptosis by modulating Akt activity to inhibit HDAC ac-
tivity and exhibits novel inhibitory properties, leading to an increase 
in the sub-G₀-G₁ cell population and cleavage of caspase-3 and PARP 
levels. Furthermore, PCP-SeCN inhibits cell proliferation by suppress-
ing cyclin D1 expression and elevating p21 levels, suppressing the 
development of melanocyte lesions in laboratory skin by up to 87%, 
with negligible toxic effects [39]. S, S’-1,4-phenylenebis(1,2-ethanedi-
yl)bis(ethylselenourea) (PBISe) reduces cancer cell proliferation and 
increases apoptosis by targeting iNOS as an Akt3 pathway inhibitor 
and a cascade activator of mitogen-activated protein kinase (MAPK), 
inhibiting Akt3 signaling, elevating cleaved caspase-3 and PARP levels, 
thereby promoting melanoma cell apoptosis and inhibiting prolifera-
tion[40].Potassium is a crucial electrolyte responsible for maintain-
ing cellular homeostasis [41,42], participating in osmotic pressure, 
pH regulation, transport and distribution of water molecules within 
cellular compartments, energy metabolism, and regulation of elec-
tron transfer reactions, as well as serving as a cofactor for numerous 
enzymes and their functions. Currently, research on the relationship 
between potassium and tumors primarily focuses on potassium ion 
channels. 

Ion channels are transmembrane proteins that allow ions to tra-
verse membranes, such as the plasma membrane or membranes of 
various cellular organelles like the nucleus, endoplasmic reticulum, 
Golgi apparatus, or mitochondria [43]. They play significant roles in 
promoting tumor occurrence and development in vivo [44-46], and 
among all ion channels, potassium ion channels are the most diverse 
and abundant, with over 70 genes in humans encoding potassium 
ion channels [47-49]. Aberrant expression of potassium channels in 
tumors has been documented in many types of cancers. In melano-
ma, K+ channel blockers inhibit cell cycle progression by membrane 
depolarization, thereby reducing intracellular calcium influx. Calcium 
(Ca2+) serves as a messenger in the mitotic signaling cascade of hu-
man melanoma cells, thereby exerting an inhibitory effect on mela-
noma by blocking potassium channels [50]. This study conducted an 
analysis by screening the NHANES database for the intake of trace 
nutrients in the population and the incidence of melanoma. Interest-
ingly, serum trace nutrients were found to be entirely unrelated to 
melanoma risk, especially after accounting for factors such as age and 
gender. To address potential research bias due to a small number of 
cases and further validate the above conclusion, Mendelian random-
ization (MR) analysis was performed with melanoma as the outcome 
factor and trace nutrients as exposure factors. MR analysis demon-
strated a negative causal relationship between selenium and potassi-
um and melanoma, suggesting that dietary selenium and potassium 
intake may not account for the protective effect of serum or blood 
intake of trace elements on melanoma risk. 
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We are curious about the mechanisms underlying this connection. 
Since serum selenium is entirely derived from diet, we want to in-
vestigate whether increasing selenium intake in the diet would affect 
melanoma risk by influencing selenium concentration in the blood 
plasma. our study holds significant importance and relevance due to 
several advantages. Firstly, our research is based on the NHANES da-
tabase of the US population. Given the representative nature of data 
collection in the NHANES database, the analysis results are highly 
representative. Additionally, there is a lack of research on the rela-
tionship between melanoma risk and trace nutrients. In this study, 
subgroup analysis was conducted to identify specific individuals who 
would benefit from this intervention. Subsequently, Mendelian ran-
domization analysis revealed a negative causal relationship between 
serum selenium and melanoma in the European population. Howev-
er, our study also has some limitations. Although some observational 
studies have found a negative correlation between selenium expo-
sure and the risk of certain types of cancer, this cannot be considered 
evidence of causality, and these results should be interpreted with 
caution. These studies have many limitations, including issues with 
assessing selenium exposure and its various chemical forms, hetero-
geneity, confounding, and other biases. It has been reported that some 
cancer types show conflicting results, including inverse associations, 
null associations, and direct associations. 

Randomized controlled trials assessing the impact of seleni-
um supplements on cancer risk have yielded inconsistent results, 
although recent studies, characterized by low bias risk, have found 
no beneficial effects on cancer risk, specifically malignant melano-
ma risk, and there is almost no evidence to suggest any impact on 
baseline selenium status. Conversely, some trials suggest harmful ef-
fects of selenium exposure. To date, there is no convincing evidence 
that selenium supplements can prevent human cancer. Additionally, 
assessment of cancer and melanoma patients is based on subjective 
survey questionnaires, which may introduce bias.

Conclusion
Although Mendelian randomization analyses confirmed that se-

rum selenium and potassium with are protective factors for mela-
noma, there is no evidence to suggest that selenium and potassium 
through the diet reduce the risk of melanoma, and we need to dig 
further into the underlying mechanisms. It is worth noting that the 
physiological mechanisms underlying the relationship between trace 
nutrients and melanoma pathogenesis are much more complex and 
extend beyond the scope of this study and its methods. Further pro-
spective studies on trace nutrients in melanoma patients before and 
after treatment, compared with healthy individuals, can provide valu-
able mechanistic insights into the etiology and treatment of melano-
ma, and help identify high-risk populations.

Ethical Statement
The manuscript describes research involving animals that did not 

require ethical approval.

Author Contributions
Sheng de Liang: Conceptualization, data curation, formal anal-

ysis, investigation, methodology, software, validation, visualization, 
writing—original draft.

Yu chou Zhang: Conceptualization, data curation, formal anal-
ysis, investigation, methodology, project management, resources, 
software, supervision, validation, visualization, writing—review and 
editing.

Ming Yang Wu: Partial data organization and analysis.

Ke Ma: Oversight and leadership responsibility for the research 
activity planning and execution, including mentorship external to the 
core team.

Acknowledgments
We would like to express our gratitude to the participants and 

researchers involved in this study. We also thank Mi Bio Gen, the Eu-
ropean Bioinformatics Institute, and Open GWAS for providing GWAS 
summary statistics data.

Data Availability 
Publicly available datasets were analyzed in this study. This data 

of observational study can be found here: https://www.cdc.gov/
nchs/nhanes/. The GWAS data are available through the MRC IEU 
Open GWAS database (https://gwas.mrcieu.ac.uk/), UK biobank 
(http://www.nealelab.is/uk-biobank), and the Finn Gen consortium 
round 7 (https://www.finngen.fi/en).

Funding Statement
The authors declare that the research, authorship, and publica-

tion of this article did not receive any financial support.

Conflict of Interest
The authors declare that the research was conducted in the ab-

sence of any commercial or financial relationships that could be con-
strued as a potential conflict of interest.

Publisher’s Note
All statements expressed in this article are solely those of the au-

thors and do not necessarily represent the statements of their affiliat-
ed organizations or the publisher, editors, and reviewers. Any product 
assessments or claims made by manufacturers in this article are not 
guaranteed or endorsed by the publisher.

https://dx.doi.org/10.26717/BJSTR.2024.58.009221


Copyright@ :   Ke Ma | Biomed J Sci & Tech Res | BJSTR.MS.ID.009221. 50972

Volume 58- Issue 5 DOI: 10.26717/BJSTR.2024.58.009221

References
1.	 Arnold M, Singh D, Laversanne M, Vignat J, Vaccarella S, et al. (2022) Global 

Burden of Cutaneous Melanoma in 2020 and Projections to 2040. JAMA 
dermatology 158(5): 495-503.

2.	 Al-Sadek T, Yusuf N (2024) Ultraviolet Radiation Biological and Medical 
Implications. Current issues in molecular biology 46(3): 1924-1942.

3.	 Nurla LA, Wafi G, Tatar R, Dorobanțu AM, Chivu M, et al. (2024) Recent-On-
set Melanoma and the Implications of the Excessive Use of Tanning Devic-
es-Case Report and Review of the Literature. Medicina (Kaunas, Lithua-
nia) 60(1): 187.

4.	 Conforti C, Zalaudek I (2021) Epidemiology and Risk Factors of Melano-
ma: A Review. Dermatology practical & conceptual 11(1): e2021161S.

5.	 (2015) Genomic Classification of Cutaneous Melanoma. Cell 161(7): 1681-
1696.

6.	 Matthews NH, Li WQ, Qureshi AA, Weinstock MA, Cho E, et al. (2017) 
Epidemiology of Melanoma. In: Ward WH, Farma JM (Eds.)., Cutaneous 
Melanoma: Etiology and Therapy. Brisbane (AU): Codon Publications The 
Authors.

7.	 Wu F, Wang L, Zhou C (2021) Lung cancer in China: current and prospect. 
33(1): 40-46.

8.	 Wolchok JD, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, et 
al. (2022) Long-Term Outcomes with Nivolumab Plus Ipilimumab or 
Nivolumab Alone Versus Ipilimumab in Patients with Advanced Melano-
ma. Journal of clinical oncology: official journal of the American Society of 
Clinical Oncology 40(2): 127-137.

9.	 Beasley GM, Terando AM (2024) Articles from 2022 to 2023 to Inform 
Your Cancer Practice: Melanoma. Annals of surgical oncology 31(3): 1851-
1856.

10.	 Bergomi M, Pellacani G, Vinceti M, Bassissi S, Malagoli C, et al. (2005) 
Trace elements and melanoma. Journal of trace elements in medicine 
and biology: organ of the Society for Minerals and Trace Elements (GMS) 
19(1): 69-73.

11.	 Vinceti M, Bassissi S, Malagoli C, Pellacani G, Alber D, et al. (2005) Environ-
mental exposure to trace elements and risk of cutaneous melanoma. Jour-
nal of exposure analysis and environmental epidemiology 15(5): 458-462.

12.	 Bissett DL, Chatterjee R, Hannon DP (1991) Chronic ultraviolet radia-
tion-induced increase in skin iron and the photoprotective effect of top-
ically applied iron chelators. Photochemistry and photobiology 54(2): 
215-223.

13.	 Vile GF, Tyrrell RM (1995) UVA radiation-induced oxidative damage to lip-
ids and proteins in vitro and in human skin fibroblasts is dependent on 
iron and singlet oxygen. Free radical biology & medicine 18(4): 721-730.

14.	 Pittayapruek P, Meephansan J, Prapapan O, Komine M, Ohtsuki M, et al. 
(2016) Role of Matrix Metalloproteinases in Photoaging and Photocar-
cinogenesis. International journal of molecular sciences 17(6): 868.

15.	 Ponec M, Weerheim A, Kempenaar J, Mulder A, Gooris GS, et al. (1997) The 
formation of competent barrier lipids in reconstructed human epidermis 
requires the presence of vitamin C. The Journal of investigative dermatol-
ogy 109(3): 348-355.

16.	 Sutedja EK, Arianto TR, Lesmana R, Suwarsa O, Setiabudiawan B, et al. 
(2022) The Chemoprotective Role of Vitamin D in Skin Cancer: A System-
atic Review. Cancer management and research 14: 3551-3565.

17.	 Brożyna AA, Hoffman RM, Slominski AT (2020) Relevance of Vitamin D 
in Melanoma Development, Progression and Therapy. Anticancer research 
40(1): 473-489.

18.	 Anstey AV (2002) Systemic photoprotection with alpha-tocopherol (vita-
min E) and beta-carotene. Clinical and experimental dermatology 27(3): 
170-176.

19.	 Orrù V, Steri M, Sidore C, Marongiu M, Serra V, et al. (2020) Complex genet-
ic signatures in immune cells underlie autoimmunity and inform therapy. 
Nature genetics 52(10): 1036-1045.

20.	 Chen Y, Lu T, Pettersson-Kymmer U, Stewart ID, Butler-Laporte G, et al. 
(2023) Genomic atlas of the plasma metabolome prioritizes metabolites 
implicated in human diseases. Nature genetics 55(1): 44-53.

21.	 Evans DM, Zhu G, Dy V, Heath AC, Madden PA, et al. (2013) Genome-wide 
association study identifies loci affecting blood copper, selenium and zinc. 
Human molecular genetics 22(19): 3998-4006.

22.	 Kryukov GV, Castellano S, Novoselov SV, Lobanov AV, Zehtab O, et al. (2003) 
Characterization of mammalian selenoproteomes. Science (New York, NY) 
300(5624): 1439-1443.

23.	 Tangjaidee P, Swedlund P, Xiang J, Yin H, Quek SY, et al. (2022) Seleni-
um-enriched plant foods: Selenium accumulation, speciation, and health 
functionality. Frontiers in nutrition 9: 962312.

24.	 Rusetskaya NY, Loginova NY, Pokrovskaya EP, Chesovskikh YS, Titova LE, 
et al. (2023) Redox regulation of the NLRP3-mediated inflammation and 
pyroptosis. Biomeditsinskaia khimiia 69(6): 333-352.

25.	 Guo CH, Wang SY, Chung CH, Shih MY, Li WC, et al. (2023) Selenium mod-
ulates AR/IGF-1R/EGFR and TROP2 signaling pathways and improves 
anticancer efficacy in murine mammary carcinoma 4T1. The Journal of 
nutritional biochemistry 120: 109417.

26.	 Maia LB, Maiti BK, Moura I, Moura JJG (2023) Selenium-More than Just a 
Fortuitous Sulfur Substitute in Redox Biology. Molecules (Basel, Switzer-
land) 29(1): 120.

27.	 Sherlock LG, McCarthy WC, Grayck MR, Solar M, Hernandez A, et al. (2022) 
Neonatal Selenium Deficiency Decreases Selenoproteins in the Lung and 
Impairs Pulmonary Alveolar Development. Antioxidants (Basel, Switzer-
land) 11(12): 2417.

28.	 Bjørklund G, Shanaida M, Lysiuk R, Antonyak H, Klishch I, et al. (2022) 
Selenium: An Antioxidant with a Critical Role in Anti-Aging. Molecules 
(Basel, Switzerland) 27(19): 6613.

29.	 Kuršvietienė L, Mongirdienė A, Bernatonienė J, Šulinskienė J, Stanevičienė 
I, et al. (2020) Selenium Anticancer Properties and Impact on Cellular Re-
dox Status. Antioxidants (Basel, Switzerland) 9(1): 80.

30.	 Cassidy PB, Fain HD, Cassidy JP, Tran SM, Moos PJ, et al. (2013) Selenium 
for the prevention of cutaneous melanoma. Nutrients 5(3): 725-749.

31.	 Rogoża-Janiszewska E, Malińska K, Baszuk P, Marciniak W, Derkacz R, et 
al. (2021) Serum Selenium Level and 10-Year Survival after Melanoma. 
Biomedicines 9(8): 991.

32.	 Jaiswal SK, Prakash R, Prabhu KS, Tejo Prakash N (2018) Bioaccessible 
selenium sourced from Se-rich mustard cake facilitates protection from 
TBHP induced cytotoxicity in melanoma cells. Food & function 9(4): 1998-
2004.

33.	 Schott M, de Jel MM, Engelmann JC, Renner P, Geissler EK, et al. (2018) 
Selenium-binding protein 1 is down-regulated in malignant melanoma. 
Oncotarget 9(12): 10445-10456.

34.	 Song H, Hur I, Park HJ, Nam J, Park GB, et al. (2009) Selenium Inhibits 
Metastasis of Murine Melanoma Cells through the Induction of Cell Cycle 
Arrest and Cell Death. Immune network 9(6): 236-242.

35.	 Vinceti M, Vicentini M, Wise LA, Sacchettini C, Malagoli C, et al. (2018) Can-
cer incidence following long-term consumption of drinking water with 

https://dx.doi.org/10.26717/BJSTR.2024.58.009221
https://pubmed.ncbi.nlm.nih.gov/35353115/
https://pubmed.ncbi.nlm.nih.gov/35353115/
https://pubmed.ncbi.nlm.nih.gov/35353115/
https://pubmed.ncbi.nlm.nih.gov/38534742/
https://pubmed.ncbi.nlm.nih.gov/38534742/
https://pubmed.ncbi.nlm.nih.gov/38276066/
https://pubmed.ncbi.nlm.nih.gov/38276066/
https://pubmed.ncbi.nlm.nih.gov/38276066/
https://pubmed.ncbi.nlm.nih.gov/38276066/
https://pubmed.ncbi.nlm.nih.gov/34447610/
https://pubmed.ncbi.nlm.nih.gov/34447610/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4580370/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4580370/
https://pubmed.ncbi.nlm.nih.gov/29461782/
https://pubmed.ncbi.nlm.nih.gov/29461782/
https://pubmed.ncbi.nlm.nih.gov/29461782/
https://pubmed.ncbi.nlm.nih.gov/29461782/
https://pubmed.ncbi.nlm.nih.gov/33165004/
https://pubmed.ncbi.nlm.nih.gov/33165004/
https://pubmed.ncbi.nlm.nih.gov/34818112/
https://pubmed.ncbi.nlm.nih.gov/34818112/
https://pubmed.ncbi.nlm.nih.gov/34818112/
https://pubmed.ncbi.nlm.nih.gov/34818112/
https://pubmed.ncbi.nlm.nih.gov/34818112/
https://pubmed.ncbi.nlm.nih.gov/38071709/
https://pubmed.ncbi.nlm.nih.gov/38071709/
https://pubmed.ncbi.nlm.nih.gov/38071709/
https://pubmed.ncbi.nlm.nih.gov/16240675/
https://pubmed.ncbi.nlm.nih.gov/16240675/
https://pubmed.ncbi.nlm.nih.gov/16240675/
https://pubmed.ncbi.nlm.nih.gov/16240675/
https://pubmed.ncbi.nlm.nih.gov/15785778/
https://pubmed.ncbi.nlm.nih.gov/15785778/
https://pubmed.ncbi.nlm.nih.gov/15785778/
https://pubmed.ncbi.nlm.nih.gov/1780358/
https://pubmed.ncbi.nlm.nih.gov/1780358/
https://pubmed.ncbi.nlm.nih.gov/1780358/
https://pubmed.ncbi.nlm.nih.gov/1780358/
https://pubmed.ncbi.nlm.nih.gov/7750796/
https://pubmed.ncbi.nlm.nih.gov/7750796/
https://pubmed.ncbi.nlm.nih.gov/7750796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926402/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926402/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4926402/
https://pubmed.ncbi.nlm.nih.gov/9284103/
https://pubmed.ncbi.nlm.nih.gov/9284103/
https://pubmed.ncbi.nlm.nih.gov/9284103/
https://pubmed.ncbi.nlm.nih.gov/9284103/
https://pubmed.ncbi.nlm.nih.gov/36583029/
https://pubmed.ncbi.nlm.nih.gov/36583029/
https://pubmed.ncbi.nlm.nih.gov/36583029/
https://pubmed.ncbi.nlm.nih.gov/31892603/
https://pubmed.ncbi.nlm.nih.gov/31892603/
https://pubmed.ncbi.nlm.nih.gov/31892603/
https://pubmed.ncbi.nlm.nih.gov/12072001/
https://pubmed.ncbi.nlm.nih.gov/12072001/
https://pubmed.ncbi.nlm.nih.gov/12072001/
https://pubmed.ncbi.nlm.nih.gov/32929287/
https://pubmed.ncbi.nlm.nih.gov/32929287/
https://pubmed.ncbi.nlm.nih.gov/32929287/
https://pubmed.ncbi.nlm.nih.gov/36635386/
https://pubmed.ncbi.nlm.nih.gov/36635386/
https://pubmed.ncbi.nlm.nih.gov/36635386/
https://pubmed.ncbi.nlm.nih.gov/23720494/
https://pubmed.ncbi.nlm.nih.gov/23720494/
https://pubmed.ncbi.nlm.nih.gov/23720494/
https://pubmed.ncbi.nlm.nih.gov/12775843/
https://pubmed.ncbi.nlm.nih.gov/12775843/
https://pubmed.ncbi.nlm.nih.gov/12775843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9939470/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9939470/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9939470/
https://pubmed.ncbi.nlm.nih.gov/38153050/
https://pubmed.ncbi.nlm.nih.gov/38153050/
https://pubmed.ncbi.nlm.nih.gov/38153050/
https://pubmed.ncbi.nlm.nih.gov/37482256/
https://pubmed.ncbi.nlm.nih.gov/37482256/
https://pubmed.ncbi.nlm.nih.gov/37482256/
https://pubmed.ncbi.nlm.nih.gov/37482256/
https://pubmed.ncbi.nlm.nih.gov/38202704/
https://pubmed.ncbi.nlm.nih.gov/38202704/
https://pubmed.ncbi.nlm.nih.gov/38202704/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9774937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9774937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9774937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9774937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9570904/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9570904/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9570904/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7023255/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7023255/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7023255/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3705316/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3705316/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8392027/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8392027/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8392027/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5918226/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5918226/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5918226/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5918226/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5828193/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5828193/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5828193/
https://pubmed.ncbi.nlm.nih.gov/20157610/
https://pubmed.ncbi.nlm.nih.gov/20157610/
https://pubmed.ncbi.nlm.nih.gov/20157610/
https://pubmed.ncbi.nlm.nih.gov/29674262/
https://pubmed.ncbi.nlm.nih.gov/29674262/


Copyright@ :  Ke Ma | Biomed J Sci & Tech Res | BJSTR.MS.ID.009221.

Volume 58- Issue 5 DOI: 10.26717/BJSTR.2024.58.009221

50973

high inorganic selenium content. The Science of the total environment 
635: 390-396.

36.	 Vinceti M, Rothman KJ, Bergomi M, Borciani N, Serra L, et al. (1998) Excess 
melanoma incidence in a cohort exposed to high levels of environmental 
selenium. Cancer epidemiology, biomarkers & prevention: a publication of 
the American Association for Cancer Research, cosponsored by the Amer-
ican Society of Preventive Oncology 7(10): 853-856.

37.	 Mohammadi S, Soratijahromi E, Dehdari Vais R, Sattarahmady N (2020) 
Phototherapy and Sonotherapy of Melanoma Cancer Cells Using Nanopar-
ticles of Selenium-Polyethylene Glycol-Curcumin as a Dual-Mode Sensitiz-
er. Journal of biomedical physics & engineering 10(5): 597-606.

38.	 Liu W, Li X, Wong YS, Zheng W, Zhang Y, et al. (2012) Selenium nanopar-
ticles as a carrier of 5-fluorouracil to achieve anticancer synergism. ACS 
nano 6(8): 6578-6591.

39.	 Gowda R, Madhunapantula SV, Desai D, Amin S, Robertson GP, et al. (2012) 
Selenium-containing histone deacetylase inhibitors for melanoma man-
agement. Cancer biology & therapy 13(9): 756-765.

40.	 Madhunapantula SV, Desai D, Sharma A, Huh SJ, Amin S, et al. (2008) 
PBISe, a novel selenium-containing drug for the treatment of malignant 
melanoma. Molecular cancer therapeutics 7(5): 1297-1308.

41.	 Pohl HR, Wheeler JS, Murray HE (2013) Sodium and potassium in health 
and disease. Metal ions in life sciences 13: 29-47.

42.	 Weaver CM (2013) Potassium and health. Advances in nutrition (Bethes-
da, Md). 4(3): 368s-377s.

43.	 Hille B (1986) Ionic channels: molecular pores of excitable membranes. 
Harvey lectures 82: 47-69.

44.	 Urrego D, Tomczak AP, Zahed F, Stühmer W, Pardo LA, et al. (2014) Potassi-
um channels in cell cycle and cell proliferation. Philosophical transactions 
of the Royal Society of London Series B. Biological sciences 369(1638): 
20130094.

45.	 Schwab A, Fabian A, Hanley PJ, Stock C (2012) Role of ion channels and 
transporters in cell migration. Physiological reviews 92(4): 1865-1913.

46.	 Yang M, James AD, Suman R, Kasprowicz R, Nelson M, et al. (2020) Volt-
age-dependent activation of Rac1 by Na(v) 1.5 channels promotes cell mi-
gration. Journal of cellular physiology 235(4): 3950-3972.

47.	 Prevarskaya N, Skryma R, Shuba Y (2018) Ion Channels in Cancer: Are 
Cancer Hallmarks Oncochannelopathies? Physiological reviews 98(2): 
559-621.

48.	 Bates E (2015) Ion channels in development and cancer. Annual review of 
cell and developmental biology 31: 231-247.

49.	 Pardo LA, Stühmer W (2014) The roles of K (+) channels in cancer. Nature 
reviews Cancer 14(1): 39-48.

50.	 Lepple-Wienhues A, Berweck S, Böhmig M, Leo CP, Meyling B, et al. (1996) 
K+ channels and the intracellular calcium signal in human melanoma cell 
proliferation. The Journal of membrane biology 151(2): 149-157.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2024.58.009221

Ke Ma. Biomed J Sci & Tech Res 

https://dx.doi.org/10.26717/BJSTR.2024.58.009221
https://pubmed.ncbi.nlm.nih.gov/29674262/
https://pubmed.ncbi.nlm.nih.gov/29674262/
https://pubmed.ncbi.nlm.nih.gov/9796628/
https://pubmed.ncbi.nlm.nih.gov/9796628/
https://pubmed.ncbi.nlm.nih.gov/9796628/
https://pubmed.ncbi.nlm.nih.gov/9796628/
https://pubmed.ncbi.nlm.nih.gov/9796628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7557466/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7557466/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7557466/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7557466/
https://pubmed.ncbi.nlm.nih.gov/22823110/
https://pubmed.ncbi.nlm.nih.gov/22823110/
https://pubmed.ncbi.nlm.nih.gov/22823110/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3399702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3399702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3399702/
https://pubmed.ncbi.nlm.nih.gov/18483317/
https://pubmed.ncbi.nlm.nih.gov/18483317/
https://pubmed.ncbi.nlm.nih.gov/18483317/
https://pubmed.ncbi.nlm.nih.gov/24470088/
https://pubmed.ncbi.nlm.nih.gov/24470088/
https://pubmed.ncbi.nlm.nih.gov/23674806/
https://pubmed.ncbi.nlm.nih.gov/23674806/
https://pubmed.ncbi.nlm.nih.gov/2452140/
https://pubmed.ncbi.nlm.nih.gov/2452140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3917348/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3917348/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3917348/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3917348/
https://pubmed.ncbi.nlm.nih.gov/23073633/
https://pubmed.ncbi.nlm.nih.gov/23073633/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6973152/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6973152/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6973152/
https://pubmed.ncbi.nlm.nih.gov/29412049/
https://pubmed.ncbi.nlm.nih.gov/29412049/
https://pubmed.ncbi.nlm.nih.gov/29412049/
https://pubmed.ncbi.nlm.nih.gov/26566112/
https://pubmed.ncbi.nlm.nih.gov/26566112/
https://pubmed.ncbi.nlm.nih.gov/24336491/
https://pubmed.ncbi.nlm.nih.gov/24336491/
https://pubmed.ncbi.nlm.nih.gov/8661503/
https://pubmed.ncbi.nlm.nih.gov/8661503/
https://pubmed.ncbi.nlm.nih.gov/8661503/
https://dx.doi.org/10.26717/BJSTR.2024.58.009221

