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OUTLINE: This article outlines the scientific basis and applications of peptides, growth factors, and exosomes in skincare, 
highlighting their role in modulating cellular communication, anti-ageing, and wound healing. Peptides, short chains of amino 
acids, are versatile molecules that signal the skin to produce beneficial outcomes such as collagen production, barrier repair, 
and reduced inflammation. They are categorised into various types, including signalling, carrier, enzyme-inhibiting, and 
neuropeptides, each offering specific skin benefits. 
 
Growth factors, larger proteins, stimulate processes like cell proliferation and wound healing but raise safety concerns, 
particularly regarding their potential to promote uncontrolled cell growth. Exosomes, a recent innovation, are extracellular 
vesicles that deliver complex cargo (e.g. genetic material, peptides, proteins) into receptor cells, offering promising results in 
skin regeneration and wound healing. However, like growth factors, exosomes require further research to confirm their safety 
and efficacy. 
 
The article also addresses the challenges of skin penetration due to molecular size, outlining strategies like encapsulation, 
fragmentation, and clinical treatments to enhance delivery. In conclusion, while peptides, growth factors, and exosomes hold 
great promise in skincare, further studies are needed to fully understand their long-term effects and optimise their use in skin 
treatments.
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Introduction

Peptides and topical growth factors have been 
marketing buzzwords for decades. These molecules 
highlight the synergy between skin cells and topical 
chemistry, offering more than just superficial results. 
Topical exosomes are a more recent addition to the 
aesthetics industry, emerging in the aesthetic sphere 
over the last decade.1 This article will help to cut 
through the fake science marketing to understand 
how these molecules and entities influence skin cells 
through cell signalling and gene expression.

Topical peptides

What are topical peptides?
Peptides are short chains of between 2 and 50 amino 
acids that signal the body to produce specific molecules 
and biological outcomes. Oligopeptides consist of 2 
to 10 amino acids and polypeptides consist of 10 to 50 
amino acids. Any amino acid chain beyond 50 amino 
acids is considered a protein.2

What are the biological functions of topical 
peptides?
Peptides can successfully support, upregulate and often 
mimic other beneficial molecules in the skin and body 
to improve cell communication, regenerate, repair, and 
improve the appearance of the skin from the barrier 
to the deep dermal layer. Peptides can potentially 
treat numerous skin concerns and improve many 
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functions in the skin, including increasing collagen and 
hyperpigmentation and reducing cellular inflammation. 
Specific peptides, such as palmitoyl tetrapeptide-7, can 
modulate inflammatory pathways by downregulating 
TNF-α and IL-6 cytokines.3

How are peptides synthesised in the laboratory?
When it comes to laboratory-created peptides, the 
production possibilities are almost endless. Imagine 
the permutations of 20 amino acid groups in different-
sized chains and in different combinations! More 
advanced technologies harness the production of 
synthetic peptides using advanced biotechnology 
via High Throughput Screening (HTS) technology. 
This involves creating computer-generated ‘peptide 
libraries’ whereby hundreds of thousands of amino 
acid sequences are generated. Each peptide sequence 
is specifically screened for its ability to mimic a 
specific biological function in the skin. This can include 
reducing inflammation, improving barrier function, 
increasing fibroblast activity, or reducing excessive 
melanocyte activity. 

By decoding naturally occurring amino acid sequences, 
biomimetics can be incorporated into creating 
laboratory-synthesised peptides. Using the extensive 
peptide library and analysing the impact of specific 
amino acid sequences on the skin, scientists can create 
a detailed peptide structure that successfully interacts 
with human skin cells, enzymes, and receptors. 
Through computational design, biotechnology, and 
novel screening methods, laboratory-made peptides 
can be leveraged to create bespoke peptides targeting 
specific concerns to improve skin health, combat 
signs of ageing, improve wound healing, and address 
inflammatory skin conditions.4 

Following the peptide modelling, they are rigorously 
tested for stability, human safety, efficacy, and effective 
delivery to target cells. We have come a long way from 
discovering the skin benefits of naturally occurring 
copper peptides in the 1970s.

Functions of peptides
Topical peptides can be categorised based on their 
specific skin functions and mechanisms of action. 
They provide a comprehensive range of skin benefits, 
including regeneration, anti-ageing, addressing 
inflammation, and cell repair.5 The primary peptide 
categories include:

Signalling peptides 
Send messages to skin cells to produce molecules for 
regeneration and repair. Palmitoyl pentapeptide-4, 
aka Matrixyl, has been shown to promote collagen 
production, improve elasticity and reduce the 
appearance of rhytids after several weeks of application.6

Carrier peptides 
Deliver essential minerals (copper, calcium, magnesium) 
to the skin needed for crucial cell functions such as 
wound healing and reducing inflammation. An example 
is the copper peptide/ glycyl-L-histidyl-L-lysine, aka 
GHK-Cu.7

Enzyme-inhibiting peptides 
Down-regulate enzymes such as matrix 
metalloproteinases (MMPs) that break down collagen 
and other structural proteins in the skin, thereby 
reducing wrinkle formation. Tripeptide-10 citrulline is 
an example.8

Neuropeptides 
Directly impact nerve/muscle cell communication. 
These peptides can reduce dynamic muscle contraction 
to complement the effects of anti-wrinkle injectables or 
minimise expression lines.

Acetyl hexapeptide-8/ Argireline, which acts 
via inhibiting the SNARE complex, is involved in 
neurotransmitter release at neuromuscular junctions. 
This peptide can reduce dynamic muscle contraction 
and minimise the appearance of wrinkles.9

Anti-microbial peptides (AMPs) 
It protects the skin from microbial insult, protects the 
barrier, improves skin immunity, and supports the skin 
microbiota. LL-37 is an important naturally occurring 
peptide produced by human skin cells. While it is not 
currently available as a topical skincare ingredient, 
specific postbiotic formulas can enhance the production 
of these naturally occurring peptides.10

Antioxidant peptides 
Neutralise ROS, protecting skin from environmental 
damage, advanced glycation end products and 
premature ageing. Carnosine, a dipeptide, inhibits lipid 
peroxidation and helps reverse skin glycation.11

Anti-inflammatory peptides 
Reduces inflammatory markers and addresses 
irritated skin. These peptides are recommended for 
sensitive skin and rosacea and address redness and 
irritation. For instance, acetyl hexapeptide-49 reduces 
redness, skin discomfort and sensitivity by reducing 
pro-inflammatory IL-8 cytokine release.12 Further, 
acetyl tetrapeptide-40 inhibits pro-inflammatory 
mediators IL-6 and VEGF, both of which contribute 
to the exacerbation of facial redness and general skin 
inflammation. This peptide is particularly useful for 
addressing rosacea symptoms.13
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Topical growth factors

Growth factors are complex proteins that are much 
larger molecules than their peptide counterparts. They 
play an essential role in processes such as stimulating 
regeneration, cell communication, regulating cell 
proliferation, wound healing, and repairing cells from 
environmental stressors. 

Growth factors are primarily used to reduce visible 
signs of maturing skin, aid in wound healing, reduce 
abnormal scar formation, and modulate inflammatory 
responses (Table 1). They bind to cell membrane 
receptors, initiating intracellular signalling pathways 
within the cell to promote cellular activities.

Growth factors can be derived from multiple sources, 
including human cell types and plant sources, or they 
may be synthesised. However, growth factors exhibit 
less diversity in number and function compared 
with the versatility of topical peptides. Hundreds of 
thousands of peptide sequences can be laboratory-
created for specific skin concerns, whereas the number 
of growth factors used topically is more limited.

Growth factors, being large proteins, do not penetrate 
the epidermis as effectively as short-chain amino acid 
peptides. They usually require chemical vehicles to 
penetrate target regions such as the dermis. Using 
biomimetic growth factors structurally similar to their 
human counterparts can also improve skin penetration, 

Table 1. Topical growth factors used in skincare and their impact on skin function.
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as they have a greater affinity for binding with natural 
receptors.

Human-derived exogenous topical growth factors may 
stimulate cell proliferation, raising concerns about 
the possibility of uncontrolled cell growth, potentially 
increasing the risk of tumour development. While this 
has not been conclusively proven in skincare products, 
there is anecdotal evidence of abnormal skin growths 
and a theoretical risk for growth factors used in a 
long-term skin regimen, particularly in those with a 
hereditary or preexisting risk of skin cancers.14

Growth factors derived from plants are less likely to 
pose a skin cancer risk compared with human growth 
factors. While they still support skin health, they do 
not bind to the same cell receptors as human growth 
factors and stimulate cell proliferation less directly. 
Their structure and mechanism of action make them 
less likely to promote tumour development, and 
their antioxidant properties may even reduce cancer 
risk. One study showed that certain soy-derived 
phytohormones can improve collagen production and 
inhibit elastin breakdown.15

While their efficacy is widely supported, it is important 
to remember that long-term studies are still needed to 
confirm the safety of topical growth factors, particularly 
with the extended use of human-derived proteins.

Exosomes

While growth factors have been very popular in the 
last decade, exosomes are an exciting new field in 
dermatology and aesthetic medicine and represent a 
new frontier in topical skincare. 

What are exosomes?
Exosomes are small extracellular vesicles released 
by cells to facilitate intercellular and intracellular 
communication. They are formed within cells in 
structures called multivesicular bodies, which fuse with 
the recipient cell membrane to release the exosomes. 
Exosomes deliver liposomal-encapsulated packages 
of cargo, including DNA, RNA, mRNA, peptides, lipids, 
cytokines, numerous growth factors, and other 
proteins. The target cells then take up these bioactive 
molecules through various mechanisms, including 
endocytosis. 

Once inside this target cell, the cargo encapsulated 
by the exosome can influence cellular processes by 
impacting cellular signalling pathways, regeneration, 
repair and gene expression. Exosomes are microscopic 
extracellular nanovesicles, typically 30–140 nm in 
diameter.16 In a natural cellular environment, they are 
released by cells into the extracellular space, where 
they interact with other nearby cells. 

Figure 1. A graphical representation of an exosome approaching and fusing with a lipid bilayer membrane of a recipient cell, releasing proteins, genetic 
material and lipids into the cell, influencing communication, gene expression and protein synthesis. Diagrammatic representation only.
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Growth factors versus exosomes
Growth factors and exosomes have features in common. 
They are both involved in cellular communication to 
influence cell proliferation, differentiation and repair, 
but unlike growth factors that are individual proteins 
with specific functions, exosome packages are more 
complex (often containing growth factors themselves) 
and carry a broader range of regenerative and 
reparative molecules. 

Dermatological benefits of exosomes
Topically applied exosomes have been shown to 
improve skin repair and wound healing, reduce 
inflammation, reduce rhytids through collagen 
stimulation, improve elasticity, increase hyaluronic 
acid synthesis, and reduce excess melanin synthesis. 
A relevant study demonstrates that topical exosomes 
derived from human umbilical cord mesenchymal stem 
cells accelerated the wound healing response, promoted 
angiogenesis, and upregulated collagen synthesis.17 
A more recent study by Lee et al. (2023)18 highlights the 
ability of adipose tissue stem cell exosomes to promote 
wound healing outcomes and tissue regeneration.

Clinical applications of exosomes
Exosomes may be incorporated topically during clinical 
treatments such as skin needling, radiofrequency (RF), 
laser, fractional treatments, ultrasonic-assisted delivery, 
and chemical peels. A 2024 study by Rodriguez et al.19 
highlights the use of exosomes in medical aesthetics. 
They are also permitted for topical application in 
products for home use. However, the Food and Drug 
Administration in the US and the Therapeutics Goods 
Administration will only permit injectable exosomes 
once more human research is conducted.

Dermal penetration of exosomes
The precise mechanism of exosome penetration 
through the barrier has not yet been fully elucidated. 
Smaller exosomes <100 nm may penetrate the epidermis 
more easily. The vesicles’ shape and lipid bilayer 
structure are thought to assist penetration. A study 
published in Frontiers of Dermatology by Kim, et al. 
(2017)20 shows that human umbilical cord blood-derived 
mesenchymal stem cell exosomes take over 15 hours to 
fully penetrate the dermal layers to stimulate collagen 
and elastin production. Further, it is postulated that 

Figure 2. Based on preclinical and clinical studies, the primary documented effects of exosomes in skin-related applications.19 
 
ECM, extracellular matrix.
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exosomes utilise active transport mechanisms in the 
skin to aid their penetration rather than relying solely 
on passive diffusion.21

Plant-derived topical exosomes
There is also significant interest in plant-derived 
exosomes as vehicles as a novel form of inter-species 
signalling communication. Evidence shows that certain 
plant exosomes can deliver mRNAs, proteins, and 
metabolites that elicit responses in human skin cells. 
Plant-derived exosomes may also be considered a safer 
and more ethical alternative to mammalian-derived 
exosomes. In a recent study highlighting the topical 
application of Rosa Damascena, plant-derived exosomes 
were combined with microneedling to treat melasma 
in human subjects. Following four to five CIT/exosome 
combination treatments at 4-week intervals, the study 
demonstrated improvement in 90% of patients with 
negligible side effects. Improvements included reduced 
hyperpigmentation, increased collagen synthesis, and 
improved skin tone and texture.22

Safety concerns surrounding mammalian 
exosome use
The diverse cargo in mammalian exosomes depends on 
their origins. They are derived from multiple sources, 
including fat cells, bone marrow, platelets, umbilical 
cord, fibroblasts, and cloned mesenchymal stem cell 
lines. 

There has been more recent concern over the quality 
of the exosome source. Exosomes should ideally be 
obtained from young, healthy cells that are free of 
chronic and acute disease. They must also be free from 
contamination and pathogens, and the batches must be 
homogeneous and stored correctly before use. 

Human-derived exosomes may easily integrate into 
human host cells, and there is a risk of transmission 
of infectious agents and immunogenic activation. 
Most concerning is the need for long-term human 
independent clinical trials. There is also concern 
surrounding the risk of inducing abnormal cell growth, 
undesirable cell changes and possible tumorigenesis in 
the host.23,24

To mitigate risk, practitioners should verify the 
exosome source, ensure good manufacturing processes, 
handle the product correctly and adhere to the current 
regulatory guidelines.

Summary

Exosomes are the new kids on the block for cosmetic 
chemists. However, like many skincare trends, we need 
to tread carefully, particularly when using human-
derived exosomes, and wait for more in vivo human 
trials data to be released. Human-derived exosomes 

in skincare are still in the early stages of research and 
development. While they show promise, more studies 
are needed to understand their safety, efficacy, and 
long-term benefits fully. 

The problem of skin penetration: 
Peptides, growth factors and exosomes

When it comes to skin penetration, size matters. 
Generally, molecules with a molecular weight 
(MW) greater than 500 Daltons (Da) have difficulty 
penetrating the barrier. When considering peptides, 
growth factor proteins and multimolecular packages 
of exosomes, small peptides, will offer the best 
opportunity to penetrate.

Peptides over ten amino acids, growth factors and 
exosomes struggle to pass through the tight junctions 
of the stratum corneum effectively. Larger peptides, 
growth factors and exosomes can be too large to easily 
penetrate the stratum corneum and molecules of 50 
amino acids are generally classified as small proteins. 
Type 1 collagen, for example, contains over 3000 amino 
acids, so I would NEVER formulate a topical product 
containing collagen. 

However, the ‘Dalton theory’ based on MW is a general 
guideline, not an absolute law. The following strategies 
may also be harnessed to optimise penetration.

Formulation and application strategies to 
overcome the penetration challenges of peptides, 
growth factors and exosomes
Encapsulation with liposomes or other microparticles 
that can encapsulate peptides.

Clinical treatments such as micro needling, chemical 
peels, semi-ablative and ablative lasers, RF treatments, 
ultrasound, and electroporation will also enhance 
ingredient penetration.

Penetration-enhancing topical ingredients will 
increase skin permeability by temporarily disrupting 
the epidermal lipid matrix to enhance peptide delivery. 
Examples of gentle penetration enhancers include 
butylene glycol, dimethyl isosorbide and glycerine when 
used in conjunction with other enhancers.21

Occlusion with ingredients such as castor oil, lanolin, 
beeswax, squalane, carnauba wax, paraffin, and 
petroleum jelly can temporarily enhance permeability.26

Peptide and protein fragmentation to shorter amino 
acid chains (less than ten amino acids in general) can 
penetrate the stratum corneum more effectively.

Adding lipid ester groups (e.g., palmitoylation) to 
peptides and small proteins can increase their affinity 
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for the skin’s lipid layers and improve penetration 
through the lipid bilayers.25

Harnessing nanoparticles (generally under 100 nm in 
size) of various organic and inorganic materials to carry 
larger molecules through the skin barrier.27

The future of peptide, growth factor, and 
exosome technology

Harnessing cutting-edge laboratory techniques shows 
great promise for bringing new peptides to market, 
exploring the biological action of growth factor proteins 
and expanding our understanding of how exosomes 
interact with skin cells. 

There is ongoing research and development in exploring 
novel peptide sequences and formulations to enhance 
skin rejuvenation and address various dermatological 
concerns. This includes investigating new “smart 
peptides” that can adapt their function based on skin 
conditions.28 As our understanding of peptide biology 
deepens, we can expect more targeted and effective 
peptide formulations that simultaneously address 
numerous skin concerns. Due to the sheer scope of 
their diversity, the versatility of peptides may allow for 
more bespoke skincare solutions tailored to individual 
skin needs and concerns.

Combination therapies are also an exciting new prospect 
in dermatology. Peptides, growth factors, exosomes, 
and clinical treatments can be combined to provide 
synergistic therapies and optimal patient outcomes.

With new technologies comes more evidence and some 
risks. While currently not TGA-approved as injectable 
treatments, more research could lead to more regulated 
exosome-based treatments. More clinical trials are 
expected to evaluate long-term human safety and 
efficacy, particularly regarding mammalian-derived 
growth factors and exosomes. Future research may also 
emphasise developing sustainable, ethical production 
methods, particularly when it comes to harvesting 
mammalian growth factors and exosomes.

Conclusion

Topical peptides, growth factors, and exosomes 
represent a convergence of cosmetic chemistry, clinical 
dermatology and skincare innovation, significantly 
impacting skin health through their ability to modulate 
cellular communication and repair processes. With 
their versatility and customisability, peptides have 
shown promise in addressing various skin concerns, 
from anti-ageing to inflammation. Growth factors, 
though shown to be effective, raise concerns due 
to their potential to promote abnormal cell growth. 

Exosomes also offer promising results and represent a 
new frontier in dermatology through complex bioactive 
cargo delivery. However, animal-derived growth factors 
and exosomes necessitate further long-term research 
as new technologies require extensive human clinical 
trials to assess efficacy and safety concerns fully. As 
research continues, we anticipate more targeted, 
personalised skincare solutions that leverage these 
molecules and entities for optimal skin regeneration 
and repair while addressing safety concerns and 
regulatory oversight.
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