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Scientists have a growing body of data that

could bring them a step closer to being

able to ‘instruct’ skin collagen to resist the

effects of ageing, according to a review of
the latest research undertaken by Dr Peter
Kim, biochemist and founder of private tuition

company Veribera.
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The importance of collagen

Collagen is a protein that has many important functions throughout
the body. One important site of collagen production is in the skin,
where it contributes to skin structure, giving youthful skin its firmness,
fine texture, and spring.

Youthful looking skin is the result of a high proportion of two specific
types of collagens, called type | and Il collagens. They are arranged
in rodlike structures called fibrils with a specific spacing called
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Ageing and collagen production

Ageing is known to adversely affect collagen in the skin, leading to
sagging and wrinkling. Ageing does this in several ways: by causing
poorly organised collagen, by reducing the ability of the cells to
respond to collagen production cues, and by reducing the amount of
collagen produced. Ultraviolet (UV) light and inflammatory enzymes
(collagenases) can also fragment existing collagen.

The reason for these changes during ageing centres around the
activity of a group of transmembrane proteins on the cell surface,

called integrins, which recruit collagens around cells. Certain integrins,
such as alpl, a2fl, al0pl, allfl and Blintegrins, bind to specific parts of
collagens, called triple-helical motifs (such as GFOGER and GLOGEN).
The ageing skin produces fewer flintegrins, resulting in the production
of poorer quality collagen.

Current collagen anti-ageing treatments

Many existing anti-ageing treatments —such as vitamin C, laser
treatment, microneedle treatment, and retinoids— are known to boost
collagen production. Studies on oral collagen have also revealed
modest improvements in elasticity, hydration, and wrinkle scores.
However, existing treatments tend to focus on the quantity, rather
than the quality, of collagen production.

Not all collagens are created equal

The quality of the collagen produced is determined by the exact
type of amino acid in the triple-helical motif, its orientation in space
(called stereochemistry), and its affinity to the integrins. This process
can be ‘tuned’ by varying the chemical structure of the collagen
triple-helices. Dr Kim evaluated the latest research with the aim to
identify possible ways of improving the quality of collagen, to make
it better-organised, hydrated, and stronger.

It is important to get the amount of binding between integrins and
triple-helical collagen motifs just right. Scientists call this the ‘Goldilocks
Zone'. If there is too little binding between collagen and integrins,
there is insufficient tension to exert the anti-ageing effect. If there is
too much binding, especially under UV light or during inflammation,
a stress response is triggered which could be detrimental to the
skin structure.

The type of integrin and the specific collagen triple-helical motif also
affect the quality of collagen structure produced. While binding to
the a2 integrin tends to reinforce robust adhesion within collagen I/l
binding to the alintegrin can favour subtler adhesion of collagen IV.
Binding to the allfl integrin affects collagen reorganisation. Binding
of a2p1integrins to GFOGER collagen triple-helical motifs support
firm collagen adhesion and fibril alignment, whereas binding of alfl
integrins to GLOGEN/GROGER collagen triple-helical motifs reduces



overcontraction of collagen and over enlargement. Binding of integrins
to collagen GVMGFO triple-helical motifs may reduce the risk of fibrous
collagen production and ensure adhesion of collagens occurs in the
correct location.
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The role of collagen and blood vessels in ageing

Healthy and youthful-looking skin also needs to have a sustained blood
supply from resilient blood vessels to ensure effective collagen repair,
efficient immunity, hydration, and supply of nutrients. Development
of blood vessels, called angiogenesis, also partly relies on collagen
production. This often requires binding between collagens, especially
collagen I, and alfl/a2f1 integrins.

If the right collagens with the right triple-helical motifs are in the right
place at the right time to bind to the right integrins, scientists believe
that this could improve collagen structure.

Collagen Toolkits have been developed with this aim. They are
comprehensive libraries of engineered peptides containing
triplehelical motifs derived from natural collagens Il and ll.

Collagen Toolkits

Using the Collagen Toolkits, researchers are planning on testing
collagen triple-helical motifs as anti-ageing treatments with the aim
of orchestrating collagen production.

The collagen triple-helical motifs need to be formulated within an
appropriate vehicle to transport them to the correct site of action
within the skin. With this in mind, various delivery systems have been
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proposed, such as electrospun fibres (which are produced by applying
electricity to fluids), hydrogels, or nanoparticles. The triple-helical
motifs could also be formulated within carriers, called elastosomes
or liposomes. Similarly, the electrical field around the triple-helical
motifs could be modified (called electrostatic clooking) to reduce
incorrect binding to integrins.

Laser or microneedle treatment is already used to boost collagen
production. Scientists are now investigating whether applying a
triplehelical motifbearing hydrogel/serum immediately after laser
or microneedle treatment could improve the quality as well as the
quantity of the newly produced collagen. Research is also underway
into whether microneedle patches with embedded collagen triple-
helices in hyaluronic acid matrices could be a means of transporting
the triple-helices into the skin with minimal trauma and reproducible
dosing. For this, the patches would need to be thermally stable and
the triple-helical motifs would need to be resistant to breakdown.

Other possible vehicles are dressings containing collagen triple-
helices, which could be used after procedures to accelerate wound
closure and healing, and wick wound exudate. Finally, effectiveness
of the treatments can be measured using assessment of the integrity
of the skin barrier, biopsies, microscopy, scans, and using special

equipment to measure skin elasticity and firmness.

Research into anti-ageing formulations

This is a growing area of research with some promising initial studies.
However, further research is needed before an anti-ageing treatment
can be developed and tested, as there are still potential hurdles
that scientists need to overcome. For instance, it is important that
formulations minimise the entry of triple-helical motifs into the
bloodstream, to reduce the risk of unwanted side effects. Binding of
sugar molecules can also affect collagen mechanics, blunt healthy
feedback mechanisms, stiffen collagen and potentially desensitise
integrins or channel them into pathologic pathways. Scientists will
also need to be careful to avoid activation of closely-related cellular
pathways affecting platelets, which could impact blood clotting
mechanisms.

Additional future research areas could include orchestrating the
timing of binding between integrins and collagen triple-helices, or
exploring synergy with other receptors. These discoveries could also
pave the way for future research into using scaffolds decorated with
the GFOGER triple-helical motifs, to support bone growth and blood

vessel formation.
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MEET THE RESEARCHER

Dr Peter Sung Kyu Kim
Veribera, Cambridge, United Kingdom

Dr Peter Sung Kyu Kim obtained his PhD in biochemistry from the
University of Cambridge in 2015, specialising in interactions between
collagen and cells, the role of cell transmembrane proteins, and
the biology of the matrix between cells. After gaining experiences
of teaching in private schools in London and as private tutor, he
founded the private tuition company Veribera, teaching sciences to
all ages with the goal of making complex concepts clear, engaging,
and transformative.
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