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Introduction
 Zinc, an essential micronutrient associated with the immune system, is known to play a role in the regulation of in biological aging, although its full effect is unclear1. Autophagy is a protective mechanism that disposes of cellular debris such as accumulated lipid droplets, damaged mitochondria, inflammasomes, and other proteins and organelles.1 Autophagy has been linked to both longevity and biological aging in numerous studies and it falls under the hallmark “loss of proteostasis”, which is one of the nine official hallmarks of the aging process and is considered one of the primary hallmarks of aging.2-5 Several longevity/ biological aging pathways have been found to interface with autophagy via dietary/ caloric restriction, exercise , exposure to rapamycin (a mTORC1 inhibitor) or even alcohol.3-6 In addition to autophagy, zinc may regulate the expression of microRNA, the modulation of methylated genes and help regulate the inflammatory response.1-2  Due to its ability to influence human health, it is imperative to study how biological aging interfaces with the micronutrient zinc and examine the possible implications that may arise from this relationship as it relates to longevity. 
Background
Biological aging can be roughly defined as the overall resemblance an individual has to the average age associated changes in their chronological age group.1 Biological aging varies from chronological aging because it suggests that aging can be accelerated or decelerated based upon environmental, genetic and lifestyle factors.1 As it is currently understood, there are nine hallmarks affiliated with the aging process. These hallmarks are altered intercellular communication, genomic instability, telomere attrition, epigenetic alteration, loss of proteostasis, deregulated nutrient-sensing, mitochondrial dysfunction, stem cell exhaustion, and cellular senescence.2 The primary causes of aging are genomic instability, loss of proteostasis, telomere attrition and epigenetic alterations.2 When these hallmarks are disturbed or damaged, compensatory mechanism are mobilized to ameliorate the response. These compensatory mechanisms are deregulated nutrient sensing, mitochondrial dysfunction, and cellular senescence. 2 Finally, once primary, and secondary hallmarks of aging reach their end, the last two hallmarks in the integrative category become responsible for the common phenotypes seen in aging. These last two hallmark are stem cell exhaustion and altered intercellular communication. 2
Fundamentally, zinc may modulate biological aging via the following pathways. Firstly, zinc may in part inhibit the AMPK/mTOR pathway by inducing Beclin 1; inhibition this pathway has been shown to extend lifespan across various species.2,9-11 It is important to note that the medication Rapamycin, one of the most potent initiators/analogs of this mTOR pathway, works to release Beclin 1 from the Beclin 2 complex to induce autophagy.11 Further, an inflammatory marker known as human plasma C- reactive protein (CRP or HS-CRP) has been found to inhibit Beclin 1’s release from the Beclin 2 complex, thereby inhibiting autophagy as Beclin 1’s release is critical for its intiation.11 Additionally, in order for autophagy to conclude properly, zinc is needed for the degradation of the cargo in the autolysosome.1 Finally, as humans age, the immune response becomes compromised, and the number of senescent cells increases; this decreases metallothionein (a protein that sequesters and releases zinc) expression and lowers the amount of available intracellular zinc needed to repair damaged DNA.8  
Turning to the research, a randomized, double-blind placebo control study found that zinc supplementation in individuals who were 56 years old and older significantly reduced concentrations of HS-CRP.12  Following, the Leiden Longevity Study suggests HS-CRP plays an vital role in the prediction of longevity potential in male and female offspring of nonagenarian siblings.13 In mice models, zinc supplementation has shown to prevent or delay age- related, cell-mediated immune responses and increase lifespan.14-15 For example, if the mice were supplemented from the presenescent age, defined as 12- 14 months, they had an increased rate of survival and lifespan (up to 33 months) compared to the control; this, in part, was due to a significant reduction of death in middle age because they avoided acquiring cancer.14-15 
Zinc metabolism and tolerance may be, in part, influenced by an organism’s genetic makeup. In both humans and C. elegans, mutations and single nucleotide polymorphisms or SNPs have been identified that relate to zinc.16,17 For example, genes that can increase resistance to zinc toxicity in C. elegans am120 (on chromosome 1), am138 (on chromosome 5) and am132 (on chromosome 10).16  In humans, it is not fully understood how genetic factors influence serum zinc concentration.17 However, one study conducted in 102 Japanese participants found that three SNPs SLC30A3 (rs11126936), SLC39A8 (rs233804), and SLC39A14 (rs4872479) were significantly associated with higher blood zinc concentration.17 Overall, more research needs to be conducted to understand how zinc status interfaces with  biological aging and longevity as little is known about zinc in this context.
Objectives & Hypotheses:
The proposed study seeks to investigate the relationship zinc may have with biological aging and longevity in two distinct ways. First, it will analyze epidemiological data collected by the National Health and Nutrition Examination Survey (NHANES) to examine how zinc intake, serum zinc status and alcohol consumption relates to inflammation at the population level, which may influence biological aging and longevity. Second, it will examine genetic data collected by the Gene Expression Omnibus (GEO Profiles) to determine how zinc transporters can be associated with genes related to longevity and autophagy in human and animal datasets. The overarching objective of this study is to understand how biological aging and longevity is influenced by the micronutrient zinc at the population and gene level.
Objective 1:  To investigate if HS-CRP, an inflammatory biomarker affiliated with autophagy and longevity, is associated with serum zinc concentrations, zinc intake and alcohol consumption in a human population when adjusting for age, gender, race/ethnicity, folate intake and BMI. 
Hypothesis 1: Moderate alcohol intake, defined as one drink (14 g) per day for woman and one to two (14-28 g) drinks per day per man, and adequate concentrations of circulating serum zinc, defined as 70 to 250 ug/dl, will be associated with lower circulating levels of HS-CRP compared to the those with inadequate and excessive serum zinc. 11,18-23
Hypothesis 2: Moderate alcohol intake, defined as one drink (14 g) per day for woman and one to two (14-28 g) drinks per day per man, and adequate zinc intake, defined as 8 mg/day for women and 11 mg/day for men , will be associated with lower circulating levels of HS-CRP compared to the those with inadequate and excessive zinc intake. 11,18-23
Objective 2: To determine if any zinc transporters can be associated with target genes related to longevity, and autophagy. Specifically, the project will analyze various zinc transporters to see if they will be significantly associated with these differentially expressed genes related to longevity, biological aging and autophagy (see Table 1 below).17,24-27 The mechanistic processes generated will be analyzed via Bayesian machine learning techniques to determine causal pathways.
Hypothesis 3: At least one zinc transporter will be significantly associated with at least two of the differentially expressed genes listed in Table 1. 17,24-27 
Objective 3: To determine if objective 2 is conserved across species (worm, murine and human).
Hypothesis 4: At least one differentially expressed gene will be conserved across species, contributing to the uniform theory of aging.28
Table 1: Possible Target Genes 25-27, 29
Genes related to Autophagy (Human)	Genes related to 	Longevity	(Human)	Genes related to Autophagy (Murine)	Genes related to Longevity	(Murine)	Genes related to Autophagy	 (C. elegans)	Genes related to Longevity	(C. elegans)
Initiation:	ULK	TOMM40/APOE/APOC1 gene cluster	Initiation:	ULK	APOE	Initiation:	Unc-51	X
mTOR	FOXO1/FOXO3 /Daf-16	mTOR	Foxo3/Daf-16	TOR-1/ LET-363	Daf-16
RB1CC1	SIRT1-SIRT7	RB1CC1	SIRT1-SIRT7	X	Sir2
GABARAP	IGF1	Gabarap	Igf-1	LGG-1	Daf-2
Degradation:	RAB7	TFEB (also related to autophagy)	Degradation:	RAB7	TFEB	Degradation:	RAB-7	HLH-30
LAMP 2	TNFα	LAMP 2	TNFα	X	TRAF
RAB27/LAMP3	CHRFAM7A	CHRNA7, CHRNA7	RAB27/LAMP3	Chrna7	X	Eat-2	Eat-18


Methods
NHANES: Sample Population & Inclusion Criteria
The objective of the study is to this study is to investigate if HS-CRP, an inflammatory biomarker associated with autophagy and longevity, is associated with serum zinc concentrations, zinc intake and alcohol consumption in a human population when adjusting for age, gender, race/ethnicity and BMI. 11,18-23 The National Health and Nutrition Examination Survey (NHANES) is a program created by the federal government to monitor the health status of the American population.30 The study will evaluate the 2015-2016 NHANES dataset. This dataset is cross-sectional and will have a starting sample population of roughly 9900 participants. However, if a participant is under the age of 20, or if HS-CRP is missing or below rate of detection, it will be excluded from the study. Information on how the exposures variables, outcome variable, covariates were gathered, processed and analyzed can be found here https://wwwn.cdc.gov/Nchs/Nhanes/ContinuousNhanes/Default.aspx?BeginYear=2015. 


Analysis (Objective 1)
Data will be downloaded from the CDC and imported into R. Then, all continuous variables will be recategorized into categorical variables, which except for age (as this is subjective), will be categorized based off accepted medical reference ranges and or industry standards. Descriptive statistic in terms of frequencies and percent will be reported. Likely, most variables will be missing data, so imputation methods via the algorithm (“mice”) will be used to reduce bias and will be inspected thoroughly for its accuracy by using the count feature in the package (“plyr”) .31-33 Ultimately, the NHANES dataset will be evaluated via a Bayesian Logistic Regression to determine if HS-CRP is associated with serum zinc concentrations, zinc intake and alcohol consumption when adjusting for age, gender, race/ethnicity, folate intake and BMI. The analysis will report the priors used, classification models, credible intervals, odds ratio, HDI and AUC.
GEO Profiles: Sample Population and Inclusion Criteria (Objectives 2 and 3)
       All the datasets for objectives two and three derive from the Gene Expression Omnibus repository of National Center for Biotechnology of the National Institute of Health.34 The datasets are listed in Table 2 below and features a mixture of microarray and RNA-seq data. Both types of data feature human, murine and worm samples.  In terms of the inclusion criteria for this proposal, the dataset needed to be upload to GEO profiles and it had to be related to zinc, autophagy, biological aging, longevity to be considered for analysis. More specifically, subjects were supplemented or consume zinc during their lifetime and then had to either undergo autophagy or be analyzed in the context of aging and or longevity. 
Table 2: Datasets35-52
Microarray: Species	RNA-seq: Species
GSE31430: Rat	GSE155230: Rat
GSE125830: Human	GSE122097: Worm (C. Elegans) & Mouse
GSE1572: Human	GSE6718: Rat
GSE8479: Human	GSE152554: Human
GSE 139890: Mouse	GSE139204: Mouse
GSE 21784: Worm (C.Elegans)	GSE93826: Worm (C. Elegans)
GSE 93903: Mouse	GSE 135532: Mouse
	GSE111778: Mouse
	GSE96644: Mouse
	GSE137869: Rat & Human
	GSE107894: Human


Processing & Gene Identification: 
RNA-seq Data
	For the datasets that derive from RNA-Seq, the raw FASTQ files will be downloaded from the appropriate datasets. Then a QC report will be generated to see if the data needs to be trimmed.53 Once the data passes the quality control measures, it will be passed through the aligner HISAT2 to generate assigned reads. Then, it aligns the assigned genes via HT-Seq.53 These processes requiring significant computing power, so it will be conducted using the computers that belong to the Statistical Machine Learning Group at FIU.54 From here, the data will be analyzed using DESeq2 in R.55 For determination of the differentially expressed genes, an FDR of <0.05 will be used as well as an adjusted p-value < 0.05.55
Microarray 
      The datasets will be downloaded and processed to sort the genes.  Any gene expression missing a value, unvaried, minimum, and maximum will be excluded.56 If a gene is repeated, the average of that expression will be found.  The annotated information (Headers) will be renamed (i.e. control vs experiment). The header for gene expression values will be renamed to gene. Then, limma package will be downloaded from R to calculate the logFC (logarithmic fold-changes) based off the gene expression difference between the control and experimental groups (|logFC|≥2).56 Also, the adjusted p-value, p < 0.05, will be reported.
Bayesian Network
These kinds of networks are composed of directed acyclic graphs where the nodes are the random variable and the edge between two nodes illustrates the dependency between the variables.57 In terms of this experiment, a Bayesian Network on differentially expressed genes will be constructed to make sure false positive and false negative are identified. Additionally, these networks will help determine possible pathways associated with the differentially expressed genes and zinc transporters.  Using GeNIe (https://www.bayesfusion.com) and R, the log-likelihood of the control and experimental groups will be calculated.58 Cases will be categorized as ageing if the Bayes Network models has a higher log-likelihood given specific evidence (interfaces with aging), compared to control. AUC will be computed to help determine accuracy of the model.58 Finally, the proposed model will be compared with models created by well-known algorithms such as Random Forest and Naïve Bayes to help evaluate their potential usefulness.58
Significance 
Overall, if the results of this study are validated, it will contribute to our limited understanding on zinc interfaces with biological aging and longevity on a population and molecular level. Further, if pathways are conserved via different species, this will provide additional evidence to the uniform theory of aging (which has yet to be proven). On a practical scale, the results generated may help in the creation, screening and analysis of markers related to biological aging and longevity as well as provide insight into the mechanism of the disease process, as the risk for heart disease, cancer, autoimmune diseases and Alzheimer’s disease increases with age. Finally, to our knowledge, no one has conducted this kind of analysis in the context of biological aging and longevity or has attempted to link common themes from NHANES and GEO Profiles. 
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