Goal: To identify small molecules with anti-aging effect that will be used as prototypic medicine for treatment of age-associated metabolic disorders to increase health- and, ultimately, life-span.

Scientific background:

Advantage of the calorie restriction-based approach.
Diet is one of the most important factors affecting health and disease. Calorie restriction – the reduction in calorie intake without malnutrition -  is a dietary paradigm known for its beneficial effects on physiology. Calorie restriction-induced increase in longevity is well-documented in many organisms. Most importantly, the beneficial effects of calorie restriction on physiology have been demonstrated in mammals including primates. In humans, calorie restriction has a strong beneficial effect on metabolism and cardiovascular physiology. Therefore, the is a great interest in understanding cellular and molecular mechanisms of calorie restriction in order to identify molecular targets of calorie restriction and corresponding cellular pathways that are affected. Once identified, molecular targets of calorie restriction could be manipulated by pharmacological compounds (“calorie restriction mimetics”) in order to produce effects similar to the beneficial effects of calorie restriction on the cellular and organismal levels. Indeed, pharmacological targeting of pathways involved in the calorie restriction response may imitate the metabolic state induced in the organism by calorie restriction. Several signaling pathways have been proposed as important mediators of calorie restriction; however, effective mimetics of calorie restriction have not been developed. One of the reasons is significant limitations of the existing approaches to study calorie restriction (see below), which restrict the progress in the field; we developed an approach to override a key set of major limitations.  

Advantage of the circadian clock-/circadian rhythms-based approach.
[bookmark: _GoBack]The circadian clock is an internal time-keeping system that generates 24-hr rhythms in behavior and physiology. In human body literally all physiological systems are under the circadian clock control. Importantly, regulation of metabolism and metabolism-associated feeding behavior is under a strong circadian control. Disruption of the circadian clock through shift work is a well-documented risk factor for the development of many age-associated diseases. Analysis of transcriptome, proteome, metabolome etc. is a well-recognized unbiased approach for identification of novel molecules and pathways involved in biological processes. There are multiple –omes studies comparing tissues from calorie restricted animals with control animals; however, there is virtually no overlap between the results of different studies. The essential limitation of these studies is performing of the analysis at a single, arbitrarily selected time of the day, while as mentioned above, metabolism and physiology demonstrate strong circadian regulation. The time of sampling was not controlled in previous studies; thus, the experimental variables could have been randomly assessed at their maximum or minimum daily values, which may compromise the results and produce misleading conclusions. Our laboratory pioneered the circadian clocks and rhythms-based approach to study aging and mechanisms of calorie restriction, which includes circadian profiling of the physiological, cellular and molecular parameters, allowing to detect, for example, their true maximal and minimal values as well as corresponding time points, which in turn validates comparisons between different experimental settings. 

Advantage of the microRNA-based approach.
MicroRNAs are small regulatory RNAs hat regulate the expression of target genes through sequence-specific interaction with mRNAs of target genes. The major mechanisms of microRNA action are inhibition of protein translation and in some cases mRNA degradation. MicroRNAs are considered as promising therapeutic agents because of the following advantages:
1. High specificity: microRNA affects only selected targets. 
2. Pleotropic effect. One microRNA can target several different genes and regulate the expression of several different proteins, therefore affecting several different pathways (moreover, this potentially has a high biological significance, since naturally occurring microRNAs are fine-tuned to regulate specific sets of genes involved in a particular biological process). 
3. MicroRNAs are almost ready-to-use therapeutic agents. Indeed, microRNAs are relatively small, they can be synthesized and purified in large amounts in vitro; methods of microRNAs delivery have been developed and are continuously improved.

Major findings:
In order to develop potential anti-aging medicine, we decided to combine the advantages of dietary, circadian and microRNA approaches by comparing the changes in the circadian rhythms of micoRNA expression in the mammalian tissues of calorie-restricted and control animals. We applied the long-term (2 years) calorie restriction to mice and collected tissues from calorie-restricted and control animals at multiple time points across the circadian cycle. We used microarrays to analyze the expression of about 1000 microRNAs in the liver of calorie-restricted and control mice. Interestingly, although many microRNAs demonstrated some changes in the expression upon calorie restriction, for the majority of them the difference was detected only at a single time point. Only for a few microRNAs the expression was affected by calorie restriction at many time points across the day, which suggests that these microRNAs are main candidates to be the mediators of the effects of calorie restriction. We analyzed the expression of several targets (both previously reported or identified by us through bioinformatics analysis) of the selected microRNAs and found changes in the expression of these targets that correlated with changes in microRNA expression, which confirms that changes in microRNA expression induced by calorie restriction are biologically significant. 

Thus, by combining calorie restriction and circadian approaches, we identified several microRNAs that are candidate calorie restriction mimetics. Essentially, the selected microRNAs are conserved between mice and humans, therefore, if they work in mice, there is a high chance that they will also work in humans.





Research plan:
We plan to test physiological activity of the selected microRNAs in an animal model.

Step I.  To assay short-term effects (2 months) of calorie restriction mimetics on metabolism in order to identify primary candidates for the long-term study. The following experiments will be performed:
1. MicroRNA mimetics will be synthesized (commercial order). Individual microRNAs will be delivered in vivo using laboratory mouse as a model. MicroRNA delivery to the liver will be evaluated by assaying the expression of microRNA target genes. 
2. Metabolic effects of individual microRNAs in vivo: we will assay if microRNA administration causes changes similarly to changes induced by calorie restriction. We will assay the level of hormones and metabolites known to be affected by calorie restriction in the blood, and the expression of genes known to be affected by calorie restriction in the liver and skeletal muscles.

Thus, during the first step of the project we will identify microRNAs that have metabolic effects in vivo that are similar to the metabolic effects of calorie restriction. This work will create the basis for the next two steps.  

Estimated duration of the step I is 1.5 – 2 years. 

Step II: To investigate the kinetics of action of microRNA mimetics in order to determine the frequency/dosage of administration of microRNA mimetics to achieve desirable therapeutic effects.
We will study the kinetics of microRNA action after a single-dose administration (in a range of concentrations) in order to establish how long the metabolic effects of microRNA mimetics last in the body. Subsequently, we will optimize frequency/dosage of administration to achieve stable changes in the levels of target molecules, comparable with their levels under calorie restriction. This will allow to establish the optimal regimen of microRNA administration. 

Estimated duration of step II is 6-8 months.

Step III: Long-term anti-aging effects of microRNA administration and the effect on longevity. After selecting the best candidates (Step I) and finding the optimal regimen of microRNA administration (step II), we will focus on the selected candidates and assay their long-term effects on physiology by administrating them to experimental animals during their lifespan.

Estimated duration of step III is 2-3 years.


Potential commercialization.

Calorie restriction, in addition to the effect on aging, has a significant beneficial effect on metabolism and cardiac physiology; calorie restriction also reduces the risk of cancer development. Therefore, in addition to their possible long-term effects as lifespan increasing agents, calorie restriction mimetics have a potential application as a medicine for type II diabetes, obesity and cardiometabolic syndromes. MicroRNAs are small natural molecules; therefore, their production is simple; in addition, the methods of their delivery in vivo are very well developed and are being constantly improved.  Therefore, the translational application of the identified miroRNAs will be straightforward. Due to the high specificity of microRNAs, we expect a reduced risk of side effects, which are among the major limitations of pharmacological agents.  
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