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ABSTRACT: Ageing at the tissue level is characterised by an overall
decline in an organ’s ability to maintain normal homeostatic
processes and respond properly to injury or stress. Recently it has
become increasingly clear that decreasing stem cell function
frequently plays a significant role in this decline, and that changes
in the stem cell’s microenvironment often potentiate the ageing
process. By combining the latest insights into the molecular
mechanisms underlying ageing with innovative stem cell-based in
vitro models and multi-parametric analytical methods, it is now
possible to establish comprehensive molecular age profiles of cells
in the presence and absence of cosmetic actives. Such insights
can strongly support anti-ageing claims, enabling powerful
messages in a crowded marketplace, and increased consumer
confidence in the product’s efficacy.

COMBINING THE LATEST BIOLOGY, MODELS, AND METHODS
Ageing is the end result of a complex suite of mechanisms that
interact and develop in parallel. It has long been known that
ageing processes are driven by both intrinsic and extrinsic
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increasing range of evidence now indicates that these types of
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in particular by disrupting the ability of tissue-resident stem and
progenitor cells to support normal homeostatic maintenance and
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Age-related decreases in stem or progenitor cell activity have now
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between highly regenerative epithelial or haematopoietic
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An age-related decline in stem cell number has been found in
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appears to remain stable with age, whereas transient-amplifying
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where the regenerative potential of aged stem cells was restored
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The powerful implication here is that reversible environmental or
              
than permanent genetic mutations, and that by correcting such
        
       
achieved.
In parallel with advances in our understanding of stem cell biology,
our insights into the molecular mechanisms that underlie the
ageing process have also advanced considerably. For example
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to increase longevity of certain mouse strains and human
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signature of aged cells is also emerging more
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DNA repair and cell death/senescence
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we are able to much more accurately map
        
      
Our ability to obtain such detailed insights
into the molecular mechanisms underlying
stem cell biology has been boosted by the
continuing improvement of specialized in
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now allow the establishment of high purity
stem or progenitor cell cultures, often in both
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combined with innovative analytical methods
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parameters in parallel, we have a powerful
combination: namely detailed insights into the
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biology of aged cells, accurate stem- and 3-dimensional cell
models, and the ability to map multiple cellular responses to an
active ingredient in parallel.
Collectively, this combination now enables us to conduct
unprecedented investigations of the anti-ageing effect of active
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using a multi-parametric approach that exploits both highly
accurate in vitro models and detailed biological insights.

AGEING FROM THE MOLECULAR PERSPECTIVE
The signs of ageing are well documented at the tissue level,
and include wrinkling of the skin and delayed wound healing
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is a challenging process, which only recently has started to
deliver more comprehensive models that consider the complex
network of processes that collectively result in reduced organ
function.
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found to underlie ageing, it becomes clear that many of the
observations fall into one of four primary groups.

triggers such as DNA damage, ROS and hypoxia by inducing
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DNA damage and repair
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mechanisms in the maintenance of stem cell compartments
and in delaying the ageing process. The converse is also well
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cell function, increased senescence and apoptosis, and tissue
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known best for its role in telomere maintenance, may also play a
more direct role in the maintenance of both mitochondrial and
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Mapping molecular age
Unifying models that consider these four primary areas of age                 
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subtleties, they do provide us with an increasingly robust
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Signalling pathways
added.
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A recently published molecular model of ageing provides
  
   
   
a compelling integration of many
pathways play in the ageing process.
detailed insights. It concludes that both
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acting via signalling pathways and
the lifespan of many animals, including
           
mammals such as mice and humans.
epigenetic changes, increased ROS,
Similar outcomes have also been found
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for mTOR, and AMPkinase related signals
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then triggers additional mitochondrial
          $= >
dysfunction, ROS elevation and DNA
pathways provide the primary routes
damage, which in turn serve to further
through which a range of both intrinsic
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continually escalating cycle that results
behaviour, and ultimately the ageing
in reduced stem cell functionality plus
process.
increases in apoptosis and senescence
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Mitochondrial function
            
The mitochondrial electron transport
('       
system is most well known as the
telomeres, increased ROS, and impaired
generator of energy for the cell,
mitochondrial electron transport. In
in particular in the form of ATP.
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Figure 1. Schematic diagram of four key
molecular responses to common ageing
shown that disruption of these
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mechanisms, and in particular
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and appropriate analytical techniques
in increased production of ROS
it is now possible to create more
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comprehensive molecular maps of the age-status of cells,
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allowing more powerful evaluation of how this status is altered
to reduce stem cell function and increase apoptosis,
in the presence of active ingredients.
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Cell death and senescence
Apoptosis and senescence are important protective mechanisms
that allow the selective removal of damaged or dysfunctional
cells from the tissue, and protect against cancer. They are
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INNOVATIVE IN VITRO MODELS AND METHODS
_                 
analytical methods are opening new possibilities for
investigating and supporting novel cosmeceutical claims.
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a 3-dimensional environment is actually required for the
                &
particular the response to treatments is in general much
more similar to the in vivo situation, and many complex
processes, in particular those related to regeneration and
differentiation can be much more accurately assessed,
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In
recent
years
there has been a
continuing trend away
from
traditional
cell-line
dependent
methods
towards
more accurate primary- and stem-cell
cultures with multiplex analysis. Areas
that continue to advance rapidly include
       ;
 
 
  '   
          
         
characterise many analytes in parallel within a single
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Culture of stem and progenitor cells
Methods for isolating and culturing stem/progenitor cells
have progressed considerably in recent years. Using these
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cultures of stem/progenitor cells from a wide variety of organs,
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which closely mimic the stem cell niche environment found in
vivo. Using such approaches, optimised methods now exist for
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evaluation using either a full range of molecular and cell
biology techniques, or more functional
analyses such as colony forming
      

the ability to form differentiated 3D
   
   
3-Dimensional cell cultures
Routine in vitro culture of most
mammalian cells uses a monolayer or
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well suited to certain investigations,
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model of the in vivo situation, and
as such are unable to model many
of the more complex processes that
occur in vivo.
In contrast cells in 3-dimensional
culture form structures which closely
resemble the complete structure
of an in vivo tissue. For example,
an epidermal 3D culture contains
multiple layers with proliferating
cells in the basal layer and full
differentiated cells on top, thus
providing the same structure as seen
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The behaviour of cells in 3D culture
can differ significantly from cells
grown as a monolayer, and in fact
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Co-Culturing multiple cell-types
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processes depend on the interaction between multiple cell
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vitro models of the future, as we seek to model ever more
complex structures and functions.
Co-cultures already hold an important place is existing
in vitro techniques. For example methods exist for the 3D
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thickness models which contain both epidermal and dermal
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Looking forward, existing co-culture methods will continue
to improve, and other new kinds of co-cultures will also
certainly appear. In the skin, co cultures of keratinocytes with
adipocytes or endothelial cells will all be of particular interest,
due to the recently noted interactions these cells share in the
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Powerful multiplex analysis
Claims support for cosmetic actives has often depended
on testing the active for its effect on only one or two endpoints. This simplistic approach gives a small snapshot of
the effect, but is almost guaranteed to miss key insights. In
recent years, multiplex analysis has advanced considerably,
and now allows us to routinely evaluate many endpoints in
parallel within a single sample, thereby gaining much more
comprehensive insight into the action of an active ingredient.
Gene and protein chips are the most well-known approaches,
and can evaluate up to tens of
thousands of endpoints in parallel.
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of data, in certain situations it may
exceed our ability to reliably interpret
complex
and
still
incompletely
understood processes such as ageing.
An alternative to such broad screens
       
of endpoints known collectively to
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age status. By focusing on such a
         
often possible to generate a robust
insight into cellular response that
can be clearly interpreted based on
well documented biological insights.
As a result, multiplex approaches
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endpoints retain a valuable role in the
       
well supported claims.
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dermal model established using kera  
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PUTTING IT ALL TOGETHER
As a result of the continuing advances
in our insights into the molecular basis

of ageing, we now have an increasingly comprehensive understanding
of cellular age-status. Using this knowledge in combination with both
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multiplex techniques, we can now establish more extensive maps
of cellular age. This paves the way to far more insightful analysis of
how cosmetic actives can retain or restore stem cell function and the
processes found in young tissues.
Data obtained using this combination of modern approaches is
#   
             
science. From a technical perspective, this combination approach
will help to better identify the full potential and effect of cosmetic
            !   
This is expected to drive more powerful marketing pitches able to
gain increased customer acceptance due to the more compelling
demonstrations of anti-ageing effects on multiple processes in parallel.
H        !    
these, the role of innovative biological insights can only continue to
gain importance within the cosmetic industry.
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