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Abstract
The process of human ageing is significantly dependent upon evolutionary events which are currently shaping humanity. One such event is the seemingly inexorable progress of technology, and specifically, digital communications technology (internet). Technology and biology are tightly interconnected, and this has a direct relevance on how our own ageing mechanisms are evolving and adapting to the change. One way technology may affect biological ageing is based on the concept of information exposure which up-regulates neuronal stress response pathways. This may have an impact on germline repair, with two consequences: 1. Neurons become increasingly more likely to acquire repair resources and function for longer, and 2. The fidelity of repair mechanisms in the germline may have to be downgraded, in order to accommodate a corresponding escalation of repairs in neurons. This is the Indispensable Soma hypothesis (essentially the disposable soma theory in reverse): A purposeful integration with technology, which hormetically challenges our cognition, may initiate a shift in evolutionary priorities, rebalancing the conflict between the soma and the germline, and resulting in an eradication of age-related dysfunction in participating humans.

Introduction
In a progressively technological world, it seems inevitable that the biological and the digital domains will increasingly merge (1). This bio-digital symbiosis is reflected in the emergence of a novel ecosystem, an interacting amalgamation of humans and the internet (2). This ecosystem is a self-organising complex adaptive system (3, 4) a distributed, sustainable, scalable, open socio-technical construct (5). Within this environment, existing evolutionary realities begin to alter, and what was considered normal or natural until now, may not be so in the near-term future (6). Aside from practical benefits associated with a human-machine merge (such as knowledge creation and information mining), there are also socio-cultural benefits such as reduction of redundant and repetitive work, which ultimately results in improved health (7). But the most relevant impact on our health comes from a biological perspective. We know that sensory perception cues can affect longevity, at least in model organisms (8), but it is also likely that external perceptions which improve neuronal health can also affect survival (1). Below I describe a mechanism (the Indispensable Soma Hypothesis) by which participating humans may experience elimination of age-related degeneration, based on a reversal of the repair resource trade-offs between the germline and the soma.


Discussion
In biological terms, I will argue that we may now begin to witness a shift in evolutionary priorities, and specifically, a transition from the current emphasis on the germline, to an increased emphasis on the somatic neuron, i.e. a shift of importance from the physical to the cognitive. This may have a direct bearing upon human ageing and degeneration. Here, I define ageing as ‘time-dependent dysfunction’.
It is slowly becoming better appreciated that there is important cross-talk between the soma (specifically the neuron) and the germline (9-12). It is also becoming clear that there are several mechanisms which create a flow of repair resources from the soma to the germline in order to safeguard the survival of the species (13-15). For instance, it has been suggested that sequence-specific regulatory information in the form of dsRNA can be transferred from neurons to the germline in order to cause transgenerational silencing (16).
There is a brutal competition for resources between the germline and the neuron (for instance: 17, 18). Here, the discussion is relevant to any neuron, not only with regards to the central nervous system but also with regards to the autonomic and the enteric nervous systems (19, 20). I have argued (6) that this competition, this war of trade-offs, can be ‘won’ by the neuron, if the neuronal stress response is up-regulated to such a degree that it causes continual apoptosis in the germline (21). Levi-Ferber et al. (22) have shown that the neuronal stress response interferes with germline survival, because it induces apoptosis in the germline. One possible mechanism for this, is mediated through the IRE-1 (inositol-requiring enzyme 1) factor, an endoplasmic reticulum stress response sensor, which initiates the apoptotic cascade in the germline (22). It is worth pausing for a minute to ponder on the significance of this and similar mechanisms. Stress response in neurons may be initiated through hormetic exposure to cognitive stimulation of the magnitude and quality we encounter in our modern technological environment.  Hormesis is a phenomenon whereby mild, positively stressful stimuli or challenges entice the organism to act and adapt (23). Stress response elements originating from neurons may cause apoptosis in the distant germline cells, and this re-balances the resource allocation process with a resulting improvement of neuronal repair (6). Thus, there appears to be a direct relationship between a hormetic application of cognitive challenges and somatic survival (Figure 1). 
The environment, i.e. a ‘context-dependent’ epigenome, influences not only a soma-to-germline, but also a germline-to-soma flow of resources (24). In other words, the trade-offs between the soma and the germline are not immutable, but are flexible and can be reversed (6). One such trade-off was studied in C. elegans and involves the mobilization of lipids from somatic cells to the germline in order to improve fecundity. This comes at a cost of poor survival (25) and it is a typical example of how allocation of resources currently favours the germline in order to ensure survival of the species in times of environmental pressures. This example also shows that the allocation mechanism is not unchallengeable, but it depends on environmental and evolutionary necessities: it can be reverted if somatic health becomes a more likely survival strategy (26). 
There is another example of a potential communication pathway between the germline and the neuron. Germline (spermatogonial) stem cells may act as a source of neuron-like cells (27) and definitive neural stem cells (28). Multipotent neural and glial precursors can be derived from multipotent adult germ line stem cells (29). These neurons then undergo full maturation and efficient integration within the existing neural network. The possibility that the germline may act as a source of fully functional neurons (30-32) is a remarkable finding, necessitating further research and consideration. For instance, it is necessary to establish under what circumstances can the germline allow the provision of neural stem cells, what the interrelationship between these two elements are, and if external cognitive challenges which activate the stress response in neurons may have an impact (and what impact) on spermatogonial germ stem cells.
The impending merge of humans with the digital realm may reverse or interfere with the priorities of the above processes. As we are witnessing a shift of the current evolutionary emphasis from the physical to the cognitive (i.e. as we become increasingly more embedded in an information-rich, cognitive techno-cultural environment) we experience a new stage in the gene-culture co-evolution process, which may result in reversal of resource allocation from the germline to the soma, and specifically the neuron. Exposure to a hormetic-style cognitive information enhances the process of superior pattern processing (SPP) (33) in humans and this ensures a continual process of adaptation to increasingly more complex cognitive challenges. Stress response factors which may be active in modeling such an adaptation are PERK- (Protein kinase RNA-like endoplasmic reticulum kinase), ATF6 (activating-transcription-factor-6), c-Jun N-terminal kinase 1 (JNK), and ATF4. Several other markers such as the Mitogen-activated protein kinases (MAPK) MEK-1 and SEK-1 may initiate germline cell apoptosis depending on the level of sensed damage, and can thus be used as biomarkers of a cognitive stress response, which may then affect germline function (34).
We know that the DNA Damage Response (DDR) has effects which not only affect by-stander elements (i.e. neigbouring cells) but also distance elements, and may operate through apoptosis gradients (i.e. the same stressful event may cause a strong response near the damage, in addition to a lesser response far away from the damage). Thus, stress responses may not only affect the cells where the stress is being applied at, but also may have by-stander and even distant effects (35). Therefore it is quite conceivable that application of a local neuronal hormetic stress, can affect the distant germline, as discussed above.
This scenario makes it increasingly more difficult to explain why there is a continual need for germline repair: highly cognitive human agents may be more conducive to improving the overall evolutionary process, and are thermodynamically costly to replace, compared to what was an appropriate evolutionary reality until now (36). 

Conclusions
In this paper, I am suggesting that a hormetic (dose-response), positively challenging exposure to a more cognitively-biased environment will activate neuronal stress response systems and this will lead to in improved repair of neurons, with a consequent down-regulation of germline repairs. By ‘cognitive’ I refer to a tendency to engage in creative, imaginative, divergent and abstract thinking (37) and enhanced brain activities such as those exhibited by the default network, as well as goal-directed,  self-generated cognition (38). Some of these activities involve activation of the prefrontal cortex (39). This is significant because the prefrontal cortex is involved in assessing risk and governs conscious perception. An enhanced amount of self-generated thinking can be both beneficial (in evaluating possible threats and in increasing creativity and visionary thinking) and possibly detrimental, as it may result in neuroticism and anxiety (40). Therefore an ideal between the two must be found, a typical dose-response, hormetic situation.
By becoming active contributors within a techno-cognitive ecosystem, our soma stops being ‘disposable’, and it becomes ‘indispensable’ to the overall evolution and adaptability of the ecosystem: therefore it lasts longer. The ‘war of trade-offs’ between the soma and the germline is a race for survival which reflects a wider evolutionary conflict: the survival of individual cognition and ‘self’ vs the survival of the species. Our technology may now be placing us in such a position that we may be able to win this ‘war of trade-offs’ and ensure our own personal survival through the elimination of age-related somatic degeneration in participating humans. 
BOX Summary
*  Information technology is placing an increased cognitive burden on our biology
* As a result, human neurons are under continual pressure to repair themselves 
* Thus, repair resources must be allocated preferentially to the soma (neuron)	
* This hormetic cognitive stress may result in a reduction of age-related degeneration
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Figure 1 Legend:
Cognitively-challenging information initiates the neuronal stress response, which results in damaged germline and a consequent increased flow of repair resources back to the neuron.

