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Abstract
Aging research has experienced an unprecedented advance, particularly with the discovery that the rate of aging is controlled by genetic pathways and biochemical processes. Aging is driven by the inexorable and stochastic accumulation of damage in biomolecules vital and characterized by a progressive loss of physiological integrity. The deterioration of aging would lead to major human pathologies including cancer, diabetes, cardiovascular disorders, and neurodegenerative diseases. To dissect the interconnectedness is the major challenge between the candidate therapeutic targets and relative contribution to aging which can be improved human health during aging with minimal side-effects. Aging and senescent decline are influenced by genetic and extrinsic factors, although process of aging is haphazardly uncontrollable. Gene mutations and treatments have been shown to extend the lifespan of diverse organisms which related with both intrinsic and extrinsic stress. Here, the molecular mechanisms that link aging to main stress response pathways, and mediate age-related changes in the effectiveness of the response to stress. How dose each pathway contribute to modulate the ageing process with a better understanding of the dynamics and reciprocal interplay between stress responses and ageing. The critical developments of novel therapeutic strategies exploits stress combat pathways against age-associated pathologies.
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Introduction
Aging is characterized by a long progressive loss and mis-regulation of physiological phenomenon, leading to death due to increased vulnerability and impaired function. How aging process was dramatically regulated on yeast, worms, flies or mammals. And undergoing of aging also enhanced the risk of late-onset diseases such as cardiovascular and neurodegenerative related disease, diabetes or cancer. There is a general perception whether the effects of aging have indeed been slowed. Furthermore, we must define readily the meaning and central dogma of aging biology. Mechanisms and developments of age-related disorders are unclear on deterioration and degradation of individual tissues on in vivo and in vitro mammalian systems. Age-related disorders underlying high incidence of age-related diseases are not fully understood, and the magnitude of the challenge is considering knowing the causes of aging. From bench to bedside, even those who are lean for the time being might try to change their lifestyles to prevent future development of age-related disorders as well. 

Aspect of Cellular and Molecular Biology on Aging
Process of aging induces many mis-regulations at the cellular level, such as nucleus and mitochondria DNA (mtDNA) damage, production of reactive oxidative species (ROS) due to mitochondrial dysfunction, decreased production of ATP, intracellular oxidative damage to proteins and other macromolecules, misfolding, aggregation and glycation of protein, induction of proinflammatory cytokines, telomere shortening, and cell senescense (52). Numerous premature aging diseases, such as Bloom syndrome, are the consequence of increased DNA damage accumulation. The integrity and stability of DNA is continuously challenged by exogenous physical, chemical and biological agents. The genetic lesions arising are highly diverse and include point mutations, translocations, chromosomal gains and losses, telomere shortening, and gene disruption. The intracellular complex network of DNA repair mechanisms could minimize genetic lesions. The systemic genomic stability is also triggered by telomeres. In addition, laminopathy can cause genome instability and result in premature aging syndromes (33). Beyond tissue-autonomous aging, the brain helps govern aging of many organs. For example, dysfunction in the hypothalamus will exert systemic effects leading to functional decline and damage to cells even organs (79, 11).

Insulin / Insulin-like Growth Factor (IGF) and Age-1 Signaling  
Hypomorphic mutations in a single gene age-1 could extend the life span which involved insulin/ insulin-like growth factor (IGF) signaling pathway. Down-regulation of IGF signaling (IIS) pathway could extend the life span, but knocking it out entirely could be deleterious in experimental system of organism, worms and mice (47). The IIS pathway consistently extends the lifespan of worms, flies and mice by genetic analyses. IIS pathway mediates part of the beneficial effects of calorie restriction (CR) on longevity in worms and flies (18). Among the downstream effectors of the IIS pathway, transcription factor FOXO is the most relevant one for longevity in worms and flies. There are four FOXO members in mice, and the effect of FOXO over-expression on longevity and mediated increasing health span through reduced IIS have been uncertain (87). Mouse FOXO1 exerts the tumor suppressive effect of CR (97), but it is not yet known whether FOXO1 is involved in CR-mediated lifespan extension. Mice with increased dosage of the tumor suppressor PTEN exhibit a general down-modulation of the IIS pathway with increasing energy expenditure (21). The enhanced activity of the brown adipose tissue is triggered by improving mitochondrial oxidative metabolism (67). In other mouse models with decreased IIS activity, PTEN-overexpressing mice performed hypomorphic PI3K mice which show an increased longevity (19). In mouse models of premature aging, GH and IGF-1 levels decline during normal aging paradoxically (80). While a constitutively decreased IIS extends longevity, a decreased IIS pathway is a common characteristic of both physiological and accelerated aging. Under a unifying model by which IIS down-modulation reflects a defensive response aimed at minimizing cell growth and metabolism in the context of systemic damage (22). According to this view, organisms can survive longer and demonstrate the lower rates of cell growth and metabolism, and hence lower rates of cellular damage with a constitutively decreased IIS. Furthermore, extremely low levels of IIS signaling are incompatible with life, as exemplified by mouse null mutations in the PI3K or AKT kinases that are embryonic lethal. Also, progeroid mice express with very low levels of IGF-1, in which supplementation of IGF-1 can ameliorate premature aging (55).

Epigenetic Alterations of Sir2
Sir2 had a remarkable longevity activity which is interested in this family of proteins in relation to aging stems in yeast, flies and worms reporting that the single sirtuin gene of these organisms (30). Overexpression of Sir2 was first shown to extend replicative lifespan in Saccharomyces cerevisiae (41), and subsequent reports indicated that enhanced expression of the worm (sir-2.1) and fly (dSir2) orthologs could extend lifespan in both model systems (76, 90). Histone methylation plays a role as a hallmark of aging in invertebrates. Deletion of components of histone methylation complexes could extend longevity in nematodes and flies (27, 85). Moreover, histone demethylases modulate lifespan due to targeting components of key longevity routes in IIS pathway (39). It is not clear yet whether manipulations of histone-modifying enzymes can influence aging and epigenetic mechanisms which is impinged on DNA repair, genome stability or transcriptional. The sirtuin family of NAD-dependent protein deacetylases and ADP-ribosyltransferases has been indicated as potential anti-aging factors. However, the lifespan extension originally observed in the worm and fly studies was mostly due to confounding genetic background differences and rare expression of sir-2.1 or dSir2, respectively (8). In fact, careful reassessments indicate that overexpression of sir-2.1 only results in modest lifespan extension in Caenorhabditis elegans (93). Sir2 plays as an important gene which combat yeast mother cell aging (45, 46, 88). The modest upregulation of yeast Sir2 extended life span, but more prolific overexpression could be cytotoxic. Indeed, a more recent genome-wide quantitative trait locus (QTL) analysis identified Sir2 as the single most important yeast gene in determining the difference in mother cell life span from bench to bedside (89). Sir2 orthologs also have been extending life span in worms, flies, and mice (28). Sir2 was associated with yeast genomic silencing, itself linked to the deacetylation of histones (7). Deacetylation activity by Sir2 protein in vitro initially proved impossible, and Sir2 protein had a very weak ability to transfer ADP-ribose from NAD+ to the irrelevant substrate bovine serum albumin in vitro (20). Moreover, the yeast Sir2 protein and its mammalian ortholog, SIRT1, were NAD+-dependent protein deacetylases (37). These seven proteins are all encoded by nuclear genes but mainly reside in discrete cellular compartments-the nucleus (SIRT1, SIRT6, and SIRT7), the cytosol (SIRT2), and the mitochondria (SIRT3, SIRT4, and SIRT5) (92).

Metabolism and Calorie Restriction
Metabolism and aging had already been linked due to calorie (or dietary) restriction (CR), which became the gold standard to slow aging and extend the life span. CR worked by generally slowing down metabolism and then the presumed accompanying oxidative damage such as ROS production in cells. IIS pathway and sirtuins both play longevity pathways which affected metabolism offered the possibility that CR might extend life span by altering specific pathways (28). CR induces the levels and activities of several sirtuins. Knocking out any one sirtuin gene in mice model abolishes at least some of the phenotypes of CR and these phenotypes of mice extended life span (SIRT1). Transgenic mice overexpressing SIRT1 in brain or SIRT6 globally live longer and show a better metabolic profile and retention of tissue integrity (42, 79). The substrates deacylated and thus activated by sirtuins are precisely those mediating important physiological effects of CR. Induction of oxidative mitochondrial metabolism and accompanying stress resistance also demonstrated in those model of CR (28, 92). SIRT1 activator compounds (STACs) have been identified and activate the enzyme in vitro (86). STACs have been shown to extend life span in mice on the normal diet (60). STACs could slow the progression to tissue dysfunction in mice and nonhuman primates (59). STACs also induce patterns of gene expression resembling CR (28). In particular, there is a paucity of data on the effects of CR on aging in primates whether CR extends life span (14, 58). Short-term human studies do agree that CR can improve metabolic parameters, such as glucose metabolism (72). 

Calorie Restriction and NAMPT
NAD+ has been identified as the sirtuin cosubstrate. The changes in NAD+ or the NAD+/NADH ratio activate sirtuins and help drive effects of CR (28, 29). NAD+ levels appear to decline during aging across a broad spectrum of species (62, 70). Aging is associated with cumulative damage to nuclear DNA, and the chronic activation of the DNA repair enzyme poly-ADP-ribose polymerase (PARP) would consume NAD+ (3, 62). Nicotinamide phosphoribosyl transferase (NAMPT) which triggers the NAD+ synthesis is activated by the circadian clock and the diurnal staging of metabolic reactions (64, 71). During the fat oxidation in mitochondria is circadian due to pulsatile NAD+ synthesis and SIRT3 activation. Knocking out SIRT3 gene disrupts this temporal organization (68). The central clock in the suprachiasmatic nucleus of the hypothalamus may decay during aging in mammals (12). Aging-induced decline in NAD+ may be reversed in rodents by supplementing the diet with the NAD+ precursors nicotinamide mononucleotide (NMN) (70, 99) or nicotinamide riboside (NR) (9). NMN or NR can ameliorate or reverse metabolic defects in mice by restoring proper stoichiometry and expression of nuclear- and mitochondrially encoded mitochondrial proteins via SIRT1 reactivation (24). The IIS pathway that participates in glucose-sensing, three additional related mTOR, AMPK and sirtuins (35).

AMPK-related Calorie Restriction in Aging Research
Since 2000, AMP kinase (AMPK) -related pathways have also been implicated in aging (26). AMPK is upregulated when energy is limiting that associated with mammalian target of rapamycin (mTOR) (84). mTOR plays as a nutrient sensor that must be downregulated, by rapamycin which interact in mammals to regulate a wide swath of metabolism in response to diet and also trigger mechanisms to relieve oxidative stress via IIS pathway and sirtuins pathways. The IIS pathway participates in glucose-sensing and interconnected nutrient-sensing systems with mTOR that senses high amino acid concentrations. AMPK senses low energy states by detecting high AMP levels, and sirtuins, which sense low energy states by detecting high NAD+ levels in the IIS pathway (35). mTORC1 and mTORC2 are both subunit of mTOR kinase is multiprotein complexes that regulate essentially all aspects of anabolic metabolism (51). Genetic down-regulation of mTORC1 activity in yeast, worms and flies extends longevity and attenuates further longevity benefits from CR. mTOR inhibition is performed in phenocopies of CR (40). Treatment with rapamycin in mice also extends longevity in chemical intervention to increase lifespan in mammals (31). Genetically-modified mice with low levels of mTORC1 activity have increased lifespan, but normal levels of mTORC2 (50).  Mice deficient in S6K1 (a main mTORC1 substrate) are also long-lived (82). Downregulation of mTORC1/S6K1 has been as the critical mediator of longevity in relation to mTOR. Moreover, mTOR activity increases during aging in mouse hypothalamic neurons with age-related obesity (98). The IIS pathway indicates that intense trophic and anabolic activity, signaled through the IIS or the mTORC1 pathways which are major accelerators of aging. Inhibition of TOR activity has beneficial effects during aging, impaired wound healing, insulin resistance, cataract and testicular degeneration in mice (95).Up-regulation favors healthy aging due to AMPK activation which has multiple effects on metabolism and remarkably shuts off mTORC1 (1). AMPK activation may mediate lifespan extension following metformin administration to worms and mice (2, 54, 66). In addition, SIRT1 can deacetylate and activate the PPARγ co-activator 1α (PGC-1α) could trigger lifespan regulation (74). PGC-1α may exert mitochondriogenesis, enhanced anti-oxidant defenses, and improved fatty acid oxidation (17). Moreover, SIRT1 and AMPK can engage in a positive feedback with connecting sensors of low-energy states (69). However, degenerative changes in aging can be influenced and extends murine life span by this network of metabolic pathways, especially via downregulation of mTOR by rapamycin (53). Rapamycin indeed preserved integrity in old animals which may have negative effects (65). 

Carcinogenesis and p53-related Gene Expression during Process of Aging
During DNA damage in cells, excessive mitogenic signaling is the other stress most robustly associated to senescence. More than 50 oncogenic or mitogenic alterations are able to induce senescence (25). The implement senescence that is associated with p16INK4a/Rb and p19ARF/p53 has been in response to this variety of oncogenic insults (83). The relevance of these pathways for aging becomes even more striking when considering that the levels of p16INK4a correlate with the chronological age of all tissues analyzed in mice and humans (48, 73). Both p16INK4a and p19ARF are encoded by the same genetic locus, the INK4a/ARF locus. INK4a/ARF locus as the genomic locus is genetically linked to the highest number of age-associated pathologies, including several types of cardiovascular diseases, diabetes, glaucoma, and Alzheimer’s disease (38). The critical role of p16INK4a and p53 in the induction of cell senescence has observed in p16INK4a-induced and p53-induced senescence contributed to physiological aging. The pro-aging activity of p16INK4a and p53 would be tolerable and compared to their benefits in tumor suppression. Progeroid phenotypes in levels of senescence are ameliorated by elimination of p16Ink4a or p53, and also performed in the case of HGPS mice model which of deficient in BRCA1 or hypomorphic mutation of BubR1 (4, 10, 91). However, in contrast to their anticipated pro-aging role in mice with a mild and systemic increase in p16Ink4a, p19Arf or p53 tumor suppressors’ exhibit extended longevity, which cannot be accounted for by their lower cancer incidence (56, 57). Also, the elimination of p53 aggravates the phenotypes of some progeroid mutant mice (5, 63 77). Furthermore, p53 and INK4a/ARF responses can become deleterious and accelerate aging. SIRT1 activation may actually aid the growth of certain preexisting tumors, perhaps due to its deacetylation and downregulation of p53 (28), The expression of SIRT3 and SIRT6, in contrast, has also been associated with beneficial effects that overlap CR, including suppression of tumor growth (15). This approach has already be identified specific molecules from the young mouse, which appear to rejuvenate aspects of aging of the old one (44). Current approach in aging research is to study centenarians and their families (61, 81). The idea is to identify genetic factors that explain the extreme longevity of these rare individuals with bioinformatics tools which can provide in identifying new genes and pathways important in human aging. Analysis of the transcriptome, epigenome, and proteome of individuals has been possible to conduct transcriptome analysis of cortical regions obtained from human brains of different ages (53). Further analysis in SNPs defined specific haplotypes which may shine a light on genes and pathways with slow or rapid aging on mammals (23). If SNPs passing significance for genome-wide discovery may give clues about genes and pathways that determine slow or rapid aging. 

Chronic DNA Damage and PARP Activation
This phenomenon of aging was originally performed in human fibroblasts serially passaged in culture which is caused by telomere shortening (6, 32), but there are other aging-associated stimuli that associate with telomeric process. Non-telomeric DNA damage and derepression of the INK4/ARF locus trigger the telomeric process with progressively chronological aging (13). The accumulation of senescent cells that used senescence-associated β-galactosidase (SABG) in aged tissues has been often inferred using surrogate markers such as DNA damage (16). Parallel quantification of SABG and DNA damage in liver produced yielding a total of over 8 % senescent cells in young mice and over 17% in very old mice. Similar phenomenon was obtained in the skin, lung and spleen, but no observation in heart, skeletal muscle and kidney (94). Cellular senescence is not a generalized property of all tissues in aged organisms. Senescent tumor cells are subjected to strict immune surveillance and are efficiently removed by phagocytosis (34, 43, 96). Conceivably, this cellular checkpoint requires an efficient cell replacement system that involves clearance of senescent cells and mobilization of progenitors to re-establish cell numbers in aged organisms. In recent years, senescent cells have been proved manifest dramatic alterations in their secretome, which is particularly enriched in pro-inflammatory cytokines and matrix metalloproteinases which is referred to as senescence-associated secretory phenotype (49, 75). This pro-inflammatory secretome may contribute to aging that correlate with slow or rapid aging identified bioinformatically exert predictable effects in a human population over the course of a lifetime. In the context of aging, drugs may affect different tissues in different ways (e.g., rapamycin), and this information would guide application of the right drug for the right person who will be guided by matched therapy. Finally, induced pluripotent stem (IPS) cell technology may also become important in combating effects of aging (78). Beyond this approach, one can imagine correcting the offending haplotype in IPS cells by CRISPR/Cas9 technology and reintroducing genetically reprogrammed cells into the patient (36). 

Conclusion
Depend on the point of view of economic and human societal benefits, striving to make people healthier longer without health and quality of life which is unnecessarily to extend their maximum life span. On the other hands, bioinformatics will provide a general introduction and promotion in progress of human aging research. There are many human genomic data to demonstrate novel idea and clues about genes that govern aging in various tissues. Aging-related genes and pathways may be governed by autonomous systemic tissues or simultaneous signals from brain emanation. In the future, novel pharmaceutical interventions may attenuate the effects of aging. 
Aging and senescent make tightly connection with progress of cancer, diabetes, cardiovascular disorders, and neurodegenerative diseases. Aging at the cellular level induces many potentially interconnected defects, including DNA damage in the nucleus and mitochondria, mitochondrial dysfunction leading to increased ROS production and decreased production of ATP, oxidative damage to proteins and other macromolecules in cells, protein misfolding and aggregation, protein glycation, the induction of proinflammatory cytokines, telomere shortening, and cell senescense (Figure 1). Stem cell depletion is triggered by senescence and apoptosis (e.g., intestinal stem cells, hematopoietic stem cells, mesenchymal stem cells, etc.), and postmitotic tissues by causing cellular dysfunction and loss (e.g., muscle, heart, and brain). Brain helps govern aging of many organs that will exert systemic effects leading to functional decline and damage to cells and organs (e.g., dysfunction in the hypothalamus).
Overall, it is uncertain to decide that human life time would be speculated, and how human health or quality of life will be impacted by amounts of research on the biology of aging. Depend on the most worried concern, certain environmental factors may be placing these gains at risk, such as diet-induced obesity leading to diabetes and pollution leading to reduced air and water quality, as well as global warming. Hopefully, these approaches will demonstrate the detailed understanding of aging research for improving human health span and longevity.
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Figure 1. The global view of aging at cell level. Possible small-molecule interventions at cell level which undergo the forces of aging and senescent.
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