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Biosynthetic human protein (polypeptide/oligopeptide) growth factors were introduced to the 
cosmetic field in the 1990’s by a plastic surgeon, Gregory L.(Bays) Brown, MD, who later founded RéVive 
Skincare in 1997. Abundance of previous studies, however, attested polypeptides, most of them 
hydrophilic, are too big to penetrate the hydrophobic stratum corneum (the epidermal keratin layer) or to 
get efficiently delivered to the deeper layers of epidermis or dermis of the intact skin. 

Therefore, to overcome the skin barrier problem and effect skin regeneration by growth factors like 
EGF(epidermal growth factor), Brown at the time and others later seemed to have resorted to (pre-) 
treatment with keratolytic AHA (alpha-hydroxy acid) and/or lipid-mobilizing surfactants/penetration-
enhancers combination to peel off or loosen up the hydrophobic compact keratin layer so as for a growth 
factor to be able to more easily reach the live cells residing underneath the keratin layer.  

However, those chaotropic agents/conditions to skin inevitably bring about either compatibility 
issues with most growth factors and/or skin irritation problems due to GFs’ labile nature of complex 3-D-
dependent bioactivity and/or compromise with skin barrier functions in those chaotic formulations. 
According to Wikipedia, a growth factor is a naturally occurring substance capable of stimulating cellular 
growth, proliferation, migration, repair/healing, and cellular differentiation. In addition, growth factors are 
critically involved in the embryonic development of the human body. In other words, growth factors are 
important for regulating a variety of cellular processes and hence sustaining human life itself. 

Given this complicated intertwined dilemma to be resolved in adopting human protein growth 
factors as active cosmetic ingredients, that is, 1) the critical importance of growth factors in the cellular 
processes including aging and regeneration, especially of the stem cells, on one hand, and 2) the labile 
and complex nature of protein growth factors in solution including cosmetic formulations on another, and 3) 
practically skin-keratin-barrier-non-penetrable nature of growth factors due to their physical sizes as well as 
chemical properties on the other, these all together impose a tremendous pressure on growth factors to 
provide proof of concept requirements to justify their cosmetic development and commercialization in spite 
of the fact that human protein growth factors may well be one of the ultimate cosmetic active ingredients 
applicable to human body so far. 

Nonetheless, this presentation tries to convince the readers that, in fact, those non-skin-
penetrating aspects of human protein growth factors (including some cytokines) strengthen all the more 
qualifications to human growth factors as the bona fide and possibly the best cosmetic actives yet known to 
mankind.
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According to ICID, polypeptides are classified as above 3 classes, Peptides, Oligopeptides, and 
Polypeptides. Prefix rh (= recombinant human) or sh (= synthetic human) denotes peptides following them 
are corresponding human peptide/oligopeptide/polypeptide equivalents or human peptide/oligopeptide/
polypeptide-aspired mimetic peptides. As human peptides in the blood are seldom, if any, composed of less 
than 11 amino acids aside from digestion/degradation intermediates, practically no rh-Peptide or sh-Peptide 
exists.  Therefore virtually all human peptides used in cosmetics are rh-/sh-Oligopeptides or rh-/sh-
Polypeptides.  

The difference between rh- and sh- lies in whether or not biosynthetic human peptides/
oligopeptides/polypeptides used any material derived from human (in case of rh-) or not (in case of sh-) at 
any point during their entire production/manufacturing processes.  For instance, if a human polypeptide 
coding cDNA has been obtained by using a corresponding human mRNA as the template, then the protein 
produced by using that cDNA will have its INCI starting rh-Polypeptide-; on the other hand, if that cDNA has 
been chemically synthesized from a known human protein or mRNA/cDNA sequence, then the protein 
produced by using that synthetic cDNA will have its INCI starting sh-Polypeptide-.  These naming practice 
just indicates a nominal conceptual distinction between rh- and sh-, without any analytically distinguishable 
substantiating difference in the corresponding human protein species.  

Moreover, according to the INCI definition, each rh- or sh- Polypeptide/Oligopeptide species with unique 
assigned INCI number doesn’t necessarily distinguish whether or not that human Polypeptide/Oligopeptide 
is exactly the same species/size (i.e, the authentic human protein equivalent(s)) present in the human body 
as long as that Polypeptide/Oligopeptide is composed of the amino acid sequence stretch that coincides 
with a part/the whole of the corresponding amino acid sequence stretch  of the authentic human protein.  In 
other words, the same INCI may indicate a group of different sizes of Polypeptides/Oligopeptides simply 
derived from a single human protein-coding gene sequence.  For example, INCI sh-/rh-Polypeptide-86 may 
denote any Polypeptide composed of the stretch of amino acids more than 100 and less than or equal to 
315 as long as the sequence corresponds a part or the whole amino acid sequence stretch of the human 
Follistatin, regardless of the presence or absence of other posttranslational modifications.  In this regard, 
any specific cosmetic human growth factor should deem  more proper to be denoted and recognized as a 
corresponding human growth factor equivalent rather than the human growth factor.  

With the above as an introduction, this presentation confines its discussion to human growth 
factors with INCI’s starting with rh-/sh-Oligopeptide-’s and rh-/sh-Polypeptide-’s, especially confined to 
authentic or functionally equivalent full-sized human growth factors.
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To qualify as a cosmetic active ingredient in a true sense, and to be able to stand the test of time 
in practice, of course, any candidate ingredient must satisfy the following requirements: 

1. safety; 
2. stability especially in a liquid cosmetic formulation; 
3. delivery/efficacy when applied on the intact skin; 
4. public acceptance; 
5. a competitive efficacy/price ratio. 
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In all these regards, human oligopeptide/polypeptide growth factors seem to be the least likely candidates 
for cosmetic active ingredients, because: 

1. much controversy over their safety issue regarding some even raising cancer-inducing potential in 
addition to  concerns about whether or not they should be classified as drug substances, mainly due to 
the fact that some human growth factors have been developed into biopharmaceutical drugs; 

2. human growth factors are well known for their instability in solution with regard to their conformation(3-
dimensional shape variability), degradability(size variability), physicochemical modification (particular 
(non-conventional) variability), and biological activity depending on variations in temperature, pH, salt 
concentration, solvent make-up, oxidizing/reducing condition, etc.; 

3. it’s been well known that molecular weight (MW) larger than 2kd even with aid of skin penetrating 
enhancers or 0.5kd without such aid cannot be delivered to live cells in the skin epidermal and dermal 
layers where, most traditional thoughts dictated that, cosmetic ingredients should reach if any efficacy 
to skin might be realized.  Yet, molecular weights of human polypeptide growth factors are generally 
larger than 5 kd. most of those even larger than 10 kd, not to mention their intrinsic hydrophilic nature, 
therefore making them very difficult to deliver to target live cells/cell-layers of the skin,  and hence to 
qualify as cosmetic active ingredients;  

4. Acceptance of human growth factors as legitimate cosmetic ingredients may have been one of the 
poorest and the slowest among newly joined classes of cosmetic ingredient candidates to the public, 
not to speak of regulatory bodies, due to much assumed concerns particularly with regard to their 
general cell-proliferation/regeneration stimulating effects acting on potentially existing latent cancerous 
cells in addition to their (hypothetical)  potential cancer-causing effects; 

5. Generally high prices of human growth factors preclude widespread uses in most popular cosmetic 
products that are in the medium-low to medium-high price range. The high pricing seems inevitable due 
to its complex manufacturing processes and characterization methods required for preparation of any 
human growth factor to ensure its biological activity and physicochemical purity that are prerequisites 
for its clinical cosmetic efficacy and long-term storage stability, respectively.  In other words, to qualify 
as a cosmetic active ingredient and to prove its efficacy even in a finished cosmetic product, wherein 
customary HPLC identification and quantification of the GF can’t work due to HPLC detection limit for 
the GF much diluted with other cosmetic components in the finished formulation, any human growth 
factor should be confirmed of its bioactivity, hence integrity, by its specific cell-based bioassay system 
in addition to physicochemical analyses.  Consequently, attaining, maintaining and proving a superior 
and/or competitive efficacy/price ratio remains a critically practical challenge to overcome for 
commercialization as well as universal adoption of any human growth factor as a cosmetic ingredient. 
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Why then even contemplate to adopt biosynthetic human growth factors (see Note in a 
parenthesis below) as cosmetic actives? That’s because human growth factors could be one of the keys to 
human reverse-aging along with human stem cells. In addition, for application to human body, it goes 
without saying that intrinsically human constituents, such as human growth factors or autologous human 
stem cells, are the best and safest effectors to the human body. Unfortunately though, as for human stem 
cell applications, there's no way you can replace your stem cells altogether or the way you want to replace 
them to achieve reverse-aging at present. On the other hand, it's quite practical and rather not so difficult 
nowadays to have extra human growth factors in your blood circulation through injection to influence your 
own stem/progenitor cells to make your whole body younger and stronger if in fact that could happen, 
though the question still remains as to which growth factors combination and what proportion should be the 
best remedy for each individual. Similarly, by way of a simple cosmetic application of proper combinations 
of human growth factors in a non-abrasive topical application on the intact skin, it's possible to bring about 
and realize some most desirable reverse-aging effects on the skin through the safest stimulation of your 
own skin stem/progenitor cells.  

More of a generalized explanation about how to conceivably achieve it follows in this presentation.

(Note: A biosynthetic human growth factor here is defined as a human growth factor equivalent that is made 
biosynthetically by an organism other than human using raw materials, none of which is derived directly 
from the human source.)
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Let’s take a look at the process of human aging from a simplistic point of view; then think about 
how to attain human reverse-aging as a whole based on the most recent scientific evidences; and finally 
reverse-aging on the skin specifically in a non- and/or minimally abrasive cosmetic means.  The key 
concern here is to find a sound, safe and healthy way of reverse-aging.  When we get old, we are the same 
people as we were young, however, almost all of the cells (with the exception of brain neuronal cells and 
possibly some hepatic and pancreatic cells) (see Reference-1 below) and tissue components of our body 
may have been replaced by new cells and tissue components, and as those things proceed, the capacity of 
the cells/tissues for self-renewal and self maintenance has declined over the years.  An ordinary human 
aging process is a slow imperceptible one such that you can’t recognize the difference between you and a-
week-before-you or a-week-after-you. But eventually and surely, the difference between a younger and an 
older you along the life will be recognized as time passes by.  Aging may be nothing but manifestation of 
our diminishing regenerative as well as metabolic capacity with regard to cellular and energy replenishment 
resulting in gradual loss of our bodily as well as mental homeostasis.   Among the potentially promising 
reverse-aging feats, two distinct examples seem to stand out in nature.  One, drastic, the other, mild.  An 
example of a drastic way could be found in the regeneration of salamander’s amputated limbs; an example 
of a mild, imperceptible way appears possible in the growing younger of sea lobsters (as they seem).  As 
far as human body and soul is concerned, imperceptible way of reverse-aging should be the way to go 
after.  No human being is capable of regenerating an amputated limb or recreating intact body after a 
traumatic wounds or burns at present, let alone potential dire risks involved in attempting to do so.  

Then how could we achieve a subtle and mild imperceptible reverse aging?  According to the 
thermodynamic principles, the more reverse-aging process follows the exact reversal of the aging process, 
the better and easier to achieve the reversing process (as the ease of reversibility would be dictated by the 
closeness of the biological system to an equilibrium or homeostasis state of an immediately preceding 
aging process).  That is, following the same slow imperceptible processes as those occurred during the 
aging may be the best way, if only it could be followed likewise in the opposite direction.  

Having this concept and principle in mind, now let’s reflect on some practical aspects of what’s 
happening to GFs during human aging.

(Reference-1)
Arrojo E Drigo R, et al. Age Mosaicism across Multiple Scales in Adult Tissues. Cell Metab. 2019, 30(2), 
343-351
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As we age, most of our blood-born protein growth factors slowly decline, although some may even get 
increased, especially pro-inflammatory cytokines.  Therefore increasing or decreasing them a little in the 
opposite direction may help result in some reverse-aging effects.  For practical purposes, increasing aging-
related declining GFs is easier than decreasing those increasing ones.  Here boosting levels of declining 
growth factors a little without causing a drastic change could be very important, as reversibility may be the 
key to go back to the younger-selves as far as humans are concerned.  Fortunately as for GFs generally, 
workings of GFs can seldom be considered drastic on the adult cells or tissues affected by them.  
(Ironically, this could be the reason why we can’t go back to the previous physical states by GFs once we 
subject ourselves to catastrophic physical damages.)  “Autonomous GFs-based reverse-aging principle” is 
coined here to emphasize/illustrate the assertion that the best  reverse-aging process is the one mimicking 
the natural slow aging process imposed by a natural incremental decline of GFs, but in the opposite 
direction induced by an incremental addition of GFs through “pseudo-natural” (see note: 2. below) process.  
As the human biological system has multiple feedback control mechanisms working toward maintaining a 
homeostasis and previous equilibrium when any disruption occurs, our body is apt to counteract GF 
addition impinging on the system such a way that a minimal effect or incremental influence could be felt to 
the system (human body).  In other words, as far as human GFs are concerned, our body seems to be an 
ideal system to test and practice workings of “autonomous GFs-based reverse-aging principle”.  

This aspect of GF workings will be further discussed in this presentation.

Note: 
1. It might be more appropriate to change the wording ”Autonomous Reverse-Aging Principle” to 
“Autonomous GFs-based Reverse-Aging Principle” at the bottom flag in the picture above.
2. Pseudo-natural process is defined here as, ”artificial intervention of a natural process such a way as to 
be perceived and handled as one of those naturally occurring processes already experienced by our body”. 
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Let’s change gear to a series of animal experiments which has given confidence over the years to 
the notion that reverse-aging can happen in human as well through adjusting circulating human growth 
factors.  This kind of experiments was popularly dubbed as “The Fountain of Youth Experiment”. For the 
purpose of the experiments, two groups of genetically identical mice, one young and the other, old, were 
paired as follows in four groups: young-young, young-old, old-young (grouped separately from young-old 
pairs for the sake of subsequent treatments difference), old-old pairs.  Then each pair were cut on the 
flanks and sewn together surgically such that now each pair comes to share their blood streams (referred 
as “a parabiotic mice pair”).  Initially, the purpose of the experiment was to simply answer to the question, 
“what is it that makes the young mouse repair muscle wounds faster than the old?” (In humans as well, 
physical wounds can be repaired and healed faster when you are young, and that repairing and healing 
capacity slows down as aging proceeds and sets in.) What confers the difference? Is it the endowed aging 
cells themselves or some other factors in the blood circulation?

(Reference-2)
Douglas A. Melton, Ph. D.
https://www.youtube.com/watch?v=Y95hT-koAC8 (Douglas Melton: Is Biomedical Research Really Close to 
Curing Anything? Big Think talk-Youtube Nov. 2012)
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When an injury was inflicted on the young mouse or one of the young mice in each pair of the 
group mentioned above, the injured young mouse in the young-young or the young-old mice pair repaired 
itself rapidly as the young ones in isolation as shown in the above 1st and 2nd pictures of the slide pointed 
by arrows.  When the same injury was inflicted on one of the old mice pair group, far fewer rapidly repairing 
red cells appeared in the injured old mouse as shown in the above 3rd picture of the slide, meaning its 
repairing rate has gotten much slow.  The last picture shows the punch-line of the experiments.  When an 
injury was inflicted on the old mouse in a young-old mice pair, the wounds of the old one were repaired at a 
rate comparable to those of the young.  Therefore the conclusion of the experiments was that the difference 
in healing capacity of the wounds between the young and the old could be made reversible by help of some 
blood or blood born factors of the young. 

To make the long story short, after series of additional experiments, the researchers, mainly 
conducted by Stanford and Harvard Universities in the US, concluded that not only these fast-healing 
effects on the wounds but also enhanced physical strengths and performances of the old mouse are most 
likely caused by some blood-born protein constituents (and not by cells, DNAs, or RNAs), most probably by 
protein growth factors in the blood of the young.
The experiments support the idea that some proper growth factors combination could reverse some aging 
effects in the mouse.

More significantly, conceptually similar experiments regarding brain functions were conducted by 
researchers at Dr. Tony Wyss-Coray’s lab at Stanford University.  In this case, mice were not subjected to 
parabiotic experiments, rather, a group of old mice was infused with an amount (corresponding to 5% of the 
whole blood of a mouse) of plasma (the cell-free part of blood) collected from young mice, while another 
group of old mice was infused with the same amount of plasma collected from old mice, and lastly, the 
other group of old mice was infused with the same amount of a physiological saline solution. After infusion, 
behavioral evaluations on three kinds of spatial memory tests were performed and compared with each old 
mice group, that is, one infused with the plasma of the young, another infused with that of the old, or the 
other infused with the saline solution.  In all three tests, the old mice group that received the plasma from 
the young mice performed much better than the other two groups.  These behavioral test outcomes 
correlated well with the neuronal connection outcomes that are correlated with learning and memory.  They 
further found out that  that something in the plasma from the young mice was most likely some blood-borne 
protein factors, and that whatever those factors are, similar brain rejuvenating effects could be conferred to 
the old mice by administering the plasma, surprisingly in this case, from the young humans (in their 
20-40’s) as well.   
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Therefore taken together, the results of these experiments pointed toward possibility of reverse-
aging by way of some protein factors, especially growth factors in the blood of the young.  The effects of 
young plasma on the old could be summarized as follows: 1) stimulation of stem cells; 2) reduction of 
inflammation; 3) increase of neuronal activities; 4) improvement of memory and learning capacity.  

As a consequence, some human feasibility study on improving Alzheimer’s by transfusion of the 
young human plasma is also under progress. Therefore, it’s not too far-fetched to say that protein growth 
factors are likely  to be one of the keys to the means attaining reverse-aging in humans as well. 

(Reference-3)
Tony Wyss-Coray, Ph. D.
https://www.youtube.com/watch?v=CsECS5qsGLs   (Tony Wyss-Coray: How young blood might help 
reverse aging. Yes, really. TED talk-Youtube June 2015) 
https://www.youtube.com/watch?v=_Of1e4QnxzE    (Tony Wyss-Coray, Young Blood for Old Brains, 
Frontiers talk-Youtube Nov. 2018) 

Now let’s go back to our human protein growth factors.   It’s well known how human growth factors 
work on the cells in human body.  Generally, GF-secreting effector cells/tissue send a GF as a signaling 
means to the cells of the target tissue endocrinologically, paracrinologically, or autocrinologically by way of 
aqueous delivery media (blood, lymph, etc).  When the target cell receives the GF signal through 
interaction with its specific GF receptors expressed on the cell surface, the target cell responds/changes 
itself according to the GF signaling and it in turn may influence responses/changes in the neighboring cells 
themselves and/or by sending out some other secondary signaling mediator(s)/GF(s) to its surroundings as 
well.  The end results, if the target tissue is the skin, could be, in simplistic terms, blemish-freer, brighter, 
more elastic, and/or younger-looking skin, for example, and likewise if the target is the scalp, those could 
be the more, the longer, the thicker, or the pre-grey-colored hair. 

Take note (of the fact) that GFs do not get into cells but interact with the cell surface GF receptors 
(GFRs) to relay their signals inside the cell.  This GF-GFR interaction is in turn feedback controlled by the 
availability or degradation of the GF receptors present on the cell surface membrane, so that cellular 
homeostasis could be optimally maintained in relation with other cellular/surrounding conditions. In other 
words, as for responding to human growth factors, our body knows how to handle them safely and 
effectively depending on the surrounding cellular milieu. When cosmetic GF applications are scrutinized, 
these four aspects of the general GF working principles should be taken into account: 
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1) GFs are always around in the human body, therefore, presence of GF per se is not particularly a 
cancer-causing problem unless you’re already a cancer patient, especially of a skin cancer; 

2) GFs work only from the outside of the cell through their receptors (GFRs) on the cell membrane 
and availability of the GFRs are constantly regulated by cellular feedback mechanisms; and due to 
intact intracellular milieu, built-in multiple feedback safety measures also apply to every steps of 
the GF signaling pathways inside the cell so as to doubly ensure the utmost safety of cosmetic GF 
application on the skin; 

3) GF-GFR interactions are natural physiological processes always happening in our skin and body; 
therefore our body knows how to best handle them with minimal disturbances to our bodily 
homeostasis and optimal benefits to our bodily well-being;  

4) GFs are completely and readily biodegradable in the body and, of course, sustainable to the 
environment. In addition, as for cosmetic GF applications on the intact skin, 

5) GFs-application would entail none or minimal accumulating effects, if any, as GFs do not normally 
penetrate the skin barrier, let alone the fact that the outside skin cells will naturally die out and wear 
off periodically. 

Corollaries to the above five aspects of GF workings, when applied to the skin with regard to 
safety issues of cosmetic GFs may be worth summarized: 

1) Target specificity: if no receptors, no interaction and no direct effects to the cells/tissues. 
2) Cell surface-only interaction with its GF-receptors (without compromising cell membrane or skin 

barrier functions) ensures that GFs effect minimal disturbances and optimal benefits inside the skin 
cells (i.e., to the intracellular homeostasis):

3) Safest means of maintaining intact built-in multiple feedback control systems being at work 
optimally:

4) Entire processes involved throughout a cosmetic GF application are natural and physiological 
events happening all the time on and in the cells of human skin tissue;

5) No residual or accumulating side-effects expected on the skin and body due to topical GFs; 
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Let’s look into the GFs more closely. As I mentioned earlier, GFs are produced by the effector 
cells/tissues and directed to the target cells/tissues. There are several scores of human growth factors like 
EGF, TGF, FGF, etc.. Each combination of letters (with or without some number) above denotes acronym 
for a specific GF.  

A closer look at GFs in 3-dimensional space would present GFs as above. The colorful pictures 
are space-filling models of GFs composed of their constituent atoms. And the green representations of GFs 
are simplified ribbon shape models that preferably illustrate and emphasize their 2ndary structures.
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Although GFs share some common hydrophilic characteristics in solution due to their blood-borne 
nature, other than that, these GFs are uniquely distinctive and varied in sizes, shapes, 2ndary structural 
features, and folding patterns as well as in amino acid sequences/compositions, posttranslational 
modifications, hydrophobicity profiles, and surface charges. And accordingly, such diversity and complexity 
confer many unique and different characteristics and functional specificities to individual growth factor.  

This inseparable relationship between complexity and specificity of individual GF-GFR interaction 
is the hallmark distinction that separates biosynthetic human growth factors (sh-Polypeptides/sh-
Oligopeptides) from small molecules or other non-human-blood-borne small peptides.  There must be 
some compellingly organismal reasons behind forging energy-intensive, thus costly, complex GF structures 
through long evolutionary paths to human; the answer must be to keep the specific characteristics of GFs.  
The requirements for GFs’ specificities to respective target receptors, target cells, and target tissues must 
be necessary and sufficient to compensate for the costs of maintaining the GFs as they are, to ensure 
overall safety, efficiency and effectiveness as well as overall integration and harmonization of diverse GFs’ 
inputs impinging on the whole body, with respect to achieving an optimum well-being of the host organism.  
This specificity also ensures minimal side-effects to an organism as no non-specific GF-GFR interactions 
will be favored or fostered owing to  this QbD (Quality by Design) rigor operating in GF-GFR interaction. 

Given the fore-mentioned background knowledge about human growth factors, skin is the safest 
testing ground for GF’s effectiveness as a reverse-aging agent.  And cosmetic application of GFs is one of 
the safest way to test reverse-aging on the skin in human.  Now let’s think about how we can make the best 
use of these GFs as cosmetic ingredients. Let’s pick up one growth factor as a representative example, i.e., 
hGH (human growth hormone). hGH is a large molecule compared to conventional cosmetic ingredients. It 
is composed of 192 amino acids (in case of Met-hGH) with the molecular weight of about 23 Kd.  So it is 
not easy for a hydrophilic hGH to penetrate through the skin barrier by itself to reach the underlying live 
cells.  Moreover, it’s vulnerable in solution as it’s subjected to various assaults (denaturation, degradation, 
oxidation, aggregation, precipitation, bioactivity inhibition by non-specific bindings, etc.) from the 
surroundings.  Usually GF efficacy and/or structure in solution last only days or weeks, not even months.  
As its effectiveness as a cosmetic active ingredient totally rely on its delivery to the live cell layers of the 
skin as well as its capacity to interact with its receptor and convey its biological signal to the target cells/
tissues, it’s imperative first of all to protect its bioactivity and physical integrity, and deliver it intact to the 
target cells.  Regarding these aspects (a long-term stability and bioactivity of hGH in solution), I showed 

!13

http://www.regeron.com


REGERON, INC. www.regeron.com

previously that both of these provisions could be rendered by encapsulating hGH in a liposomal formulation 
and explained in detail providing experimental evidences elsewhere (Reference-4).  

To summarize, a liposome can keep hGH in solution for a long time (up to 2 years or more in 
solution with over 70% its original bioactivity intact at room temperature; a liposome carrier encapsulating 
hGH can bring down hGH through hair follicular channels to the live cells of the skin; skin hair follicles have 
enough GHR containing cells and through their interactions, hGH can convey its biological signals to the 
cells in the hair follicles, especially epidermal cells of the skin and also influence dermal layer cells, both of 
which include stem cells of the respective epidermal and dermal layers; that is, hGH can exert its effects on 
the intact skin without penetrating or disrupting the skin barrier and consequently, its effects could be 
translated into actual skin condition improvements (for example, anti-wrinkle-effects, UV-damage-repair, 
etc. Reference and also see Fig. in Slide-23).  Therefore possibility of GFs employment as cosmetic active 
ingredients could be scientifically and clinically confirmed.  

Three of the five proposed requirements/problems previously mentioned to be associated with 
using GFs as cosmetic ingredients are interrelated and intertwined among them, and those are safety, 
stability and delivery/efficacy issues in non-powder/non-solid cosmetic formulations.  These aspects had 
been discussed in detail in the past (Reference-4).  Therefore it’ll suffice to say that a liposomal carrier 
systems turned out to be one of the most effective ways for GFs to get delivered efficiently through the 
skin, especially by way of hair follicles, and protected of their physical integrity and bioactivity in solution 
(see the next slide).  

(Reference-4)
Dahlkyun Oh, Validating Prteins as Functional Cosmetic Ingredients - an hGH Case. SOFW 135, 5-2009, 
2-11

One of the ways to protect biological materials is keeping the target in a protective shield, for 
example, inside our cells.  Likewise, human growth factors can be protected by encapsulating them in a  
liposomal carrier. The liposomal carrier has an added advantage to work as a delivery facilitating vehicle to 
the skin epithelium, similarly as viruses use their host cell-membrane-derived envelope as a delivery 
vehicle as well as protective shield to get in touch with their host.  Although liposome itself is not an ideal 
protective shield for small molecules due to leaks caused by “breathing” activities of the lipid bilayer, it 
turned out to be an excellent protective shield for macromolecules, especially human growth factors.  Lipid 
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bilayer structures could be quite permeable to small molecules but practically impermeable to large 
molecules like polymers or polypeptides.  Therefore, human growth factors can be made stable quite a long 
time in solution once encapsulated securely in the liposomal shield.  As it works both ways, once 
encapsulated, it can be also protected from the outside harms, especially from proteases and polymeric 
surfactant substances as well.  This applies to a finished formulation as well.  If only well taken care of 
during harsh formulation processes like hot temperature, high or low pH’s, or high-rpm mixing, or direct 
contacts with concentrated organic solvents, human growth factors can be kept quite stable for years 
depending on the storage conditions. This is the fact of somewhat unexpected irony that highly labile 
macromolecular GFs could be kept much longer and more stablely than small chemicals/molecules when 
encapsulated in a flexible liposomal protective carrier in solution.  

Our long-term follow-up stability and bioactivity evaluation trajectories prove that GF-ingredients in 
our protective liposomal delivery carriers are stable enough to be used as cosmetic active ingredients in 
terms of shelf life and efficacy.
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Our long-term stability track records of various finished formulations with liposomal carrier-
protected GF-ingredients prove that GF-ingredients qualify for the shelf-life and bioactivity/efficacy 
requirements for finished cosmetic formulations. 

Our long-term stability track records of various finished formulations with liposomal carrier-
protected GF-ingredients prove that GF-ingredients qualify for the shelf-life and bioactivity/efficacy 
requirements for finished cosmetic formulations.
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Above immunohistochemistry experiments shows that only GFs encapsulated in a liposomal 
carrier could be delivered into the hair follicles for further GF interaction with the live cells of the hair 
follicular wall. Note that GF delivered to the hair follicles by carriers stays there and doesn’t seem to be 
able to permeate/pass through the hair follicle wall into the dermis.  It would be safe to say that, although 
GFs delivered to the hair follicles may not be able to directly interact with the “bulge” stem cells or the 
dermal papilla stem cells, these GFs certainly can interact with migrating and differentiating epidermal and 
hair matrix progenitor cells, and can in turn indirectly affect nearby cells including the stem cells of the 
epidermis (the hair follicle “bulge” stem cells) and the dermis (the hair follicle papilla stem cells) as well as  
other epidermal and dermal cells through secondary mediator signaling molecules. To detect hGH 
delivered into hair follicles, N-terminal poly-histidine-tagged hGH(His-hGH) instead of hGH was used to 
avoid cross-reactivity with endogenous mouse GH.  When anti-His antibody to detect His-hGH was used, 
indeed a liposomal carrier-encapsulated His-hGH, but not His-hGH alone, was observed to be efficiently 
delivered into hair follicles.
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Above pictures show the effect on human hair growth of final 2% Repilosome-GY (= containing 2 
ppm hGH in a liposomal carrier) in a finished formulation.  Hair color changes in the pictures were due to a 
fading hair-dye. 

(Mouse experiment performed before 2009) Effects of 1% Repilosome-GY (= containing 1 ppm 
hGH in a liposomal carrier) application on increase of proliferating hair matrix progenitor cells in the hair 
follicle: Whether or not hair (follicle) number or the hair growth cycle of the mouse is affected by the 
application of 1% Repilosome-GY, using minoxidil as a positive control, mice were treated for 2 weeks with 
1% Repilosome-GY after depilation and before peritoneal BrdU injection, and subsequently sacrificed 3hrs 
after the injection.  It was reported previously that, in a given hair bulb, a more number of actively 
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proliferating hair matrix cells is correlated with longer duration of anagen phase, thus with longer and 
thicker hair (Reference-5).  The results showed that minoxidil didn’t exert any effects on hair matrix 
progenitor cell number, though it increased the hair number. On the other hand, Repilosome-GY application 
on the back of the mouse increased not only the hair number but potentially the hair length and thickness 
as was shown by the more number of actively proliferating hair matrix cells. These results are summarized 
in Slide-20 above and Slide-21 next. 

(Reference-5)
CourtoisM, et al. Hair Cycle and Alopecia. Pharmacol. 1994, 7 (1-2), 84-89

(Mouse experiment performed before 2009) 1% Repilosome-GY (= containing 1 ppm hGH in a 
liposomal carrier) application increased hair number.  So does 3% Minoxidil application, but to a lesser 
extent than 1% Repilosome-GY (Reference-6). 

(Reference-6)
YJ Kim, TK Kim, BH Min, and SJ Kim. The Effect of LhGH on Hair Regeneration in C57BL/6CrN Mouse. 
Korean J. of Microscopy. 2011, 41, 47-53 (in Korean) 
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In 2011, George Cotsarelis, MD, lab in the dermatology department at University of Pennsylvania 
published a paper in Journal of Clinical Investigation, reporting that “Bald scalp in men with androgenic 
alopecia retains hair follicle stem cells but lacks hair follicle progenitor cells.  The progenitor cells, which 
have the job of making thick hair, are in short supply when baldness occurs, as for some reason, the stem 
cells are blocked or incapable of making these progenitor cells.”  In lieu of the fact that topical hGH 
increased hair follicle matrix progenitor cells as shown in Slide-20, this certainly support the hair growth 
results of our topical hGH experiment and imply that topical GFs might be able to reverse hair-loss or 
baldness.   
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A double-blind split face human clinical test on 22 females was performed for anti-wrinkle effects 
by topical application of a finished formulation containing final 2% Clairesome-LY (= containing final 2 ppm 
prolactin as the active in a liposomal carrier), and an identical finished formulation containing 2% 
Clairesome-only (without any prolactin) as the placebo control.  It was concluded through the clinical study 
as follows: 1) The results of 12 week double-blind split face human clinical study, evaluated by 
dermatologists and visiometer analyses, have shown significantly (p<0.05) reduced skin roughness with the 
application on the intact skin of the test product compared to control product, demonstrating clear anti-
wrinkle effect of final 2ppm prolactin in Clairesome system; 2) Safety of the test product confirmed. No 
incidence of adverse skin reaction has occurred during 12 weeks.  

Taken together, this human clinical study proved (or at least provided a strong evidence) that a GF 
in a liposomal carrier can affect skin conditions when topically applied on the intact skin without penetrating 
the skin barrier. 
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Results of immunohistochemistry experiments with Clairesome-GY (hGH: INCI = sh-
Polypeptide-7) on artificial skin involving epidermis and pseudo-dermal base (artificial skin from Wellskin, 
Seoul, South Korea).  The experiment supports the implication that hGH strengthens stemness of the 
epidermal basal layer cells. 

Results of immunohistochemistry experiments with Clairesome-GY (hGH: INCI = sh-
Polypeptide-7) on epidermis-only artificial skin(Keraskin from MCTT, Seoul, South Korea):  
Markers:1) cytokeratin-14; epidermal basal layer cell marker 
             2) Involucrin; epidermal differentiation marker
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Results summary: 
              From H&E staining, Clairesome-GY-treated artificial skin was observed to be thicker than controls.  
From Cytokeratin-14 and Involucrin immunohistochemistry, it was evident that Clairesome-GY treatment 
not only increased the width of epidermis through basal layer cell proliferation but also facilitated active 
differentiation of  epidermal cells ranging from the basal layer to the granular layer.  This point is very 
important, because it means that, although Clairesome-GY stimulates proliferation of basal layer cells, it is 
at the same time suppressing oncogenic development of the (upward-moving, differentiating) progeny 
keratinocytes.  In conclusion, Clairesome-GY is expected to improve skin elasticity and reduce skin 
wrinkles by suppressing thinning of the epidermis caused by diminished proliferation and differentiation 
capacities inherent in the old and/or wrinkled skin.    

To conclude, biosynthetic human growth factors are: 1) Non-penetrating, even in the case of 
permeation, effects mostly local, if any, and non consequential if systemic, due to basal concentration of 
circulating GFs that are much higher than topically applied GFs concentration;  2) Stable at RT for 2 years 
or more depending on GFs make-up and formulations; 3) Penetration not required for efficacy, although 
various mesotherapeutic measures will no question aid to maximize the efficacy issues, GFs only need to 
be made in contact with live cells of the skin that retain at least some of the characteristics of the stem 
cells, in terms of proliferation, differentiation, or mobility; 4) Time will tell, although more science- and 
reality-based explanations and discussions are necessary for the earlier positive turn around of the public; 
5) Though at present uses of GFs in the cosmetic products are somewhat confined to some niche markets, 
especially in medical clinics and high-end spas, once a smart factory/industry 4.0 system (flexible 
production systems and AI-enabled automations) are incorporated and implemented (and it’s high time for 
those transformations to get realized), and GF prices could be kept under a certain point, and of course, if 
formulation practices get familiar with dealing with GFs, GFs cosmetic actives will prevail the market as 
GFs are at least one class of the ultimate cosmetic ingredients humans can go after and ask for.  Still, GFs 
pricing matter is the major critical limiting factor for expansion of GFs into the main stream cosmetic 
products.
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Above mentioned finished skincare formulations have been developed and successfully 
commercialized with long-term follow-ups of their respective GFs bioactivities/stabilities and accompanying 
formulas-dependent variabilities.  It should be emphasized that, more so than or as with most other 
cosmetic actives, each and every GF has its own characteristic stability and bioactivity requirements with 
regard to pH range, buffer conditions, temperature ranges, formulation compatibilities with other cosmetic 
ingredients, especially with preservatives.  Therefore, it's strongly recommended to consult with the specific 
GF-ingredients manufacturers to make the most of GF-ingredients in your specific formulations. 

Likewise, above mentioned finished hair care formulations have been developed and successfully 
commercialized with long-term follow-ups of their respective GFs bioactivities/stabilities and accompanying 
formulas-dependent variabilities.  Therefore, as with development of GFs-containing skincare products 
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formulas, GFs-containing hair-care products developers are strongly recommended to consult with the 
specific GF-ingredients manufacturers to make the most of GF-ingredients in your specific formulations.
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