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Background: Although the underlying pathophysiology of sensitive skin remains unknown, it presents clinical symptoms like
erythema, burning and dryness associated with other inflammatory dermatoses such as dermatitis or rosacea.

Objective: The aim of the present report was to provide preliminary data about the efficacy of Endoret-Serum (ES) as an autologous
therapy for the topical management of sensitive skin alterations.

Materials and Methods: Five patients underwent a daily topical ES treatment that was maintained for three months. Clinical
assessment was carried out using validated dermatological surveys (DLQI, IGA, Likert, PGI-I). Additionally, skin hydration
measurement and high-resolution topographic and reflectance confocal imaging analysis were carried out.

Results: No adverse events were observed during the treatment. At the end of the follow-up period, surveys highlighted a significant
therapeutic effect compared to baseline. Skin hydration was also improved, and topographic images showed a decrease in patient’s
underlying inflammatory and vascular condition.

Conclusion: This preliminary report suggests that Endoret-Serum may be useful in the management of clinical symptoms derived
from sensitive skin alterations.
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Introduction
The concept of sensitive skin is widely used by patients and is becoming increasingly recognized by dermatologists.
Rather than a medical diagnosis, this term is generally used to describe altered skin conditions with clinical signs of
inflammation, erythema, stinging, itching, burning, redness, dryness, scaling, peeling, bumps and hives.' Although often
transient, rarely serious and in many cases unaccompanied by visual alterations, sensitive skin affects severely patient’s
quality of life.” Initially, it was believed to be an unusual reaction to common products; however, recent epidemiological
studies find a high prevalence of these alterations reaching up to 68% of the population.” This syndrome is usually
associated with a reduced topical medication tolerance and hyperreactivity after cutaneous application that becomes
incompatible with the patient’s skin. Nevertheless, the underlying pathophysiology remains unknown and these altera-
tions may also occur in individuals with normal skin or as a part of symptoms associated with other inflammatory
dermatoses. In fact, eczema, atopic dermatitis, seborrheic dermatitis and rosacea are likely the most common causes of
sensitive skin.* Other conditions such as contact dermatitis and chronic urticaria have also been shown to elicit the
clinical symptomatology.’

Usually, an impaired skin barrier function is associated with sensitive skin, together with an increase in transepi-
dermal water loss (TEWL) and imbalance of intercellular stratum corneum lipids. These factors lead to an increase in
cutaneous dryness that leaves the tissue exposed to irritants.® Individuals show an increased incidence of atopy, higher

pH and elevated erythema index which are also observed in other eczematous diseases.” Additionally, the presence of
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vasodilation demonstrates the involvement of underlying inflammation that result from the release of neurotransmitters
such as substance P and other peptides like interleukin-1/8 and TNF-alpha.® It has also been reported that the innate
immune system triggers an abnormal inflammatory response that mediates blushing erythema. Specific mediators may
induce a pro-inflammatory cytokine cascade that trigger vasodilation and other downstream reactions including the
activation of peripheral innervation, lymphatic microvasculature spreading and local mast cell degranulation.9

Owing to the multifactorial pathogenesis of sensitive skin, there is no current standardized or validated treatment.
However, several actives can be used to control or improve various aspects of the disease related alterations. In particular,
moisturizers and optimized lipid mixtures can be used to improve barrier function.'® Anti-inflammatory compounds like
flavonoids, corticosteroids and antioxidants can minimize inflammatory reactions and modulate vascular reactivity.
Specific inhibitors of vanilloid receptors have also been shown to be helpful in the management of the disease.'
Nevertheless, current dermatological treatments do not always reach the desired efficacy; hence, novel therapies are
essential to reduce morbidity.

In this sense, the progression in the field of biological treatments has led to the emergence of autologous products
based on the patient’s own bioactive proteins known as growth factors. Human origin preparations like platelet-rich
plasma (PRP) and derivatives have emerged as an intriguing modality designed to promote skin regeneration.'? In fact,
several findings suggest that these preparations may elicit an important anti-inflammatory and immunomodulatory effect
for the management of different dermatological conditions.'* ' Recently, a topical formulation based on plasma rich in
growth factors technology (PRGF) has been developed.'® This product, known as Endoret-Serum (ES), is 100%
autologous and can be in situ prepared after patient’s blood withdrawal. Additionally, it has been shown that the
formulation maintains its physicochemical and biological properties after long-term storage.'” ES contains a pool of
bioactive proteins that undergo a sustained percutaneous absorption and play a major role in cutaneous regeneration.'®
Unlike other PRPs, ES has been designed for a topical and needle-free application with no need of physician interven-
tion. Thus, ES provides a minimally invasive approach for maintaining a sustained dosage of growth factors in the
management of chronic dermatological conditions. Here, preliminary results about ES in the management of sensitive
skin alterations are reported.

Materials and Methods

The study was conducted following the principles established in the Declaration of Helsinki amended in 2013, and
patients gave their informed consent. All described procedures were performed according to the common clinical practice
of the centre. Patients gave consent for their case and photograph publication. The manuscript is exempt from ethical
committee approval. The case series that are described in the manuscript are based on a regular clinical practice and no
control group is included. The treatment described is obtained by using a commercially available kit with CE clearance
that can be used under medical prescription. The Spanish Agency of Medicines and Medical Devices indicates that a
case-by-case authorization by a local ethical committee is not required when using platelet-rich plasma as a regular
clinical practice.

Endoret-Serum Preparation

Manufacturer’s instructions were followed for Endoret-Serum (ES) preparation (KMU10-TPC, BTI Biotechnology
Institute, Vitoria, Spain). Peripheral blood was harvested into 9-mL collection tubes containing 0.4 mL of 3.8% (wt/v)
trisodium citrate as anticoagulant. Afterwards, the blood was centrifuged (580G 8 minutes) and the whole plasma column
was collected, avoiding the leukocyte-rich buffy coat. Part of the plasma was steadily gelated (76°C) and mixed with the
remaining calcium chloride-activated plasma at a 2:1 ratio. Once obtained, the ES was dispensed into airless pump
bottles that were specially designed to avoid external air intake.

The platelet enrichment before ES preparation was measured with a haematology analyser (Micros 60, Horiba ABX,
Montpellier, France). The pH of the product was checked with a pH meter GLP 21+ (Sigma-Aldrich, St. Louis, MO). A
rheometer AR 1000 (TA Instruments, New Castle, EEUU) was used to determine the viscosity of the formulation. One
mL of sample was applied to the sample holder, and viscosity was determined at a shear rate of 1s' at 25°C. For growth
factor content determination, extracts were subjected to enzyme-linked immunosorbent assay (ELISA) kits (R&D
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Systems, Minneapolis, MN). Several key proteins for skin regeneration were quantified including epidermal growth
factor (EGF), insulin-like growth factor-I (IGF-I), platelet-derived growth factor-AB (PDGF-AB) and transforming
growth factor-f1 (TGF-B1).

Patients
Patients between 30 and 60 years old from “Grupo Dermatologia Pedro Jaén Clinic” (Madrid, Spain) were treated. A
total of five patients with clinically diagnosed symptoms of sensitive skin alteration within the facial area were treated.

Endoret-Serum Treatment

Subjects did not use their usual facial formulations during ES treatment. A single extraction of peripheral blood and
personalized ES preparation was carried out for each participant as described above. The ES was used every 12 hours.
Prior to application patients cleansed their face and washed their skin with water. Afterwards, the product was applied
over the face using slight rubbing movements in order to optimize surface area covered and was left to air dry. Patients
underwent an uninterrupted treatment of ES for three months. The product was cold stored at 4°C during treatment.

Clinical Assessment

Participants were clinically assessed at baseline and at one and three months after the beginning of the treatment. Any
undesired side effects or adverse reactions were recorded. The clinical assessment was performed by trained technicians
in a controlled environment. Skin hydration was determined by triplicate using a Moisture-checker MY-808S based on
the electrical capacitance of the skin (Scalar corporation, Tokyo, Japan). Reflectance confocal microscopic images
(RCM) of the affected areas were obtained as a non-invasive technique for in vivo skin inflammation assessment
(VivaScope 1500, Caliber Imaging and Diagnostics, Rochester, NY, USA). The Reveal System (Canfield Imaging
Systems, Fairfield, NJ) was employed as a topographic imaging technology to obtain high resolution photographs with
the aim of assessing the skin underlying condition only. During the follow-up period, subjects were asked to complete a
self-assessment questionnaire and rated their overall satisfaction using a Likert’s scale. Additionally, patients fulfilled the
“Dermatology Life Quality Index (DLQI)” as a measurement of the impact of their dermatological condition on their life
quality at baseline and during the study. Participants also completed the “Patient Global Impression of Improvement scale
(PGI-I)” by comparing their post-treatment condition to baseline status. Finally, two trained clinicians were asked to fulfil
the “Investigator’s Global Assessment survey (IGA)” at the end of treatment. Self-assessment and clinical improvement
questionnaires fulfilled by patients and healthcare specialists are summarized in Table 1.

Results

Four women and one man that met the inclusion criteria were selected. The mean age of the patients was 43 + 10 years
old. No adverse events were observed during the treatment and follow-up period. At baseline, patients presented sensitive
skin alterations that were also related to other dermatoses such as dermatitis/eczema, rosacea, melasma and seborrheic
dermatitis. Before ES therapy, medicines that were prescribed for the treatment of patients’ condition included
moisturizers, topical lotions, cleansing agents, anti-itching creams, steroid creams, topical antihistamines and pain
relievers. However, these medicaments had achieved moderate efficacy on participants’ life quality. For this reason,
ES was prescribed as an alternative topical therapy.

The hematologic analysis revealed that the formulation was obtained from a leukocyte-free platelet enriched plasma.
ES presented a neutral pH value and showed a shear thinning viscosity behaviour which is common in pseudoplastic
topical lotions with optimal rheologic profile (Table 2). The growth factor content within ES was quantified using
enzyme-linked immunosorbent assays. As it is summarized in Table 2, high levels of key proteins involved in skin
regeneration such as EGF, IGF-I, PDGF-AB and TGF-B1 were detected.

Subjects referred a pleasant fresh and relieving feeling immediately after the hydro-lotion administration (Figure 1A).
The viscous nature of the product and the storage device allowed an easy handling of the formulation which was
translated into a soft superficial application over the skin that rapidly got integrated within the tissue (Figure 1B-D). At
baseline DLQI-index showed that the dermatological condition affected the life quality of patients in a moderate to very
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Table | Self-Assessment and Clinical Improvement Questionnaires Fulfilled by Patients and Healthcare Specialists During the Follow-
Up Period

Dermatology Life A ten-question questionnaire to measure the impact of skin disease on | 0—I: no effect at all on patient’s life

Quality Index (DLQI) the quality of life of an affected person. Patient questionnaire. 0-30. 2-5: small effect on patient’s life

6—10: moderate effect on patient’s life
11-20: very large effect on patient’s life
21-30: extremely large effect on patient’s life

Patient Global Post-treatment condition of the dermatologic pathology compared to | |: very much better
Impression of how it was at baseline. Patient questionnaire. 1-7. 2: much better
Improvement (PGI-I) 3: a little better

4: no change

5: a little worse

6: much worse

7: very much worse
Likert’s patient Subjective overall satisfaction with the treatment. Patient 0-1: very dissatisfied
satisfaction score questionnaire. 0—10 2-3: dissatisfied

4-6: indifferent

7-8: satisfied

9-10: very satisfied

Investigator’s Global Clinical results of the patient’s dermatological symptoms at the end of : resolved symptoms

Assessment (IGA) the treatment. Healthcare specialist questionnaire. 0-5. : minimal symptoms
: mild symptoms
: moderate symptoms

: marked symptoms

U A W N — O

: severe symptoms

Table 2 Biological and Physicochemical Characterization of Endoret-Serum

Donor | Gender | Age Platelets in Platelets Platelet pH Viscosity EGF 1GI-I PDGF-AB TGF-g1
blood in PRGF enrichment (Pa.s) (pg/mL) (ng/mL) (pg/mL) (ng/mL)
(pt/pL*10%) (pit/
uL*10%)
| Female 36 225 407 1.8 75 18.6 206 51.4 2175 27.3
2 Female 29 198 239 1.7 74 18.5 156 58.5 1400 16.4
3 Male 47 222 467 2.1 75 20.9 166 64.7 905 1.9
4 Female 53 215 344 1.6 75 12.6 147 48.8 1571 17.1
5 Female 50 176 241 1.4 7.7 23 120 50.3 612 14.1
Mean * SD 207 + 20 340 = 101 1.7 +03 75 0.1 18.7 + 4 159 + 31 547 +7 1333 + 607 174+ 6

large way (10.4 =+ 5.3). However, after one and three months of ES treatment subjects referred a significant improvement
as 1.4 £ 1.3 and 0.8 £ 1.1 DLQI-index were achieved, respectively (no effect on patient’s life) (Figure 2A).

Before the beginning of the treatment, the skin showed a hydration of 27.4% + 3.9%. During ES treatment, cutaneous
moisture increased to 29.4% =+ 4.6% and 35% + 4.8% after one and three months, respectively (Figure 2B). In some
patients, cutaneous RCM evaluation showed a decrease in dermal inflammatory infiltrate when comparing baseline and

post-treatment status (Figure 3A). Self-assessment questionnaire showed that patients referred to be very satisfied with
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Figure | (A) Representative image of ES application onto cutaneous tissue. (B) ES drop after extrusion onto cutaneous surface. (C) ES spreading over the skin. (D) ES
integration within the epidermal layer.
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Figure 2 (A) Dermatology Life Quality Index (DLQI) of patients during the study showed a reduction of 7-fold and |3-fold after one and three months of ES treatment
respectively. (B) Cutaneous hydration results revealed an increase after one and three months of ES therapy.

ES treatment as 8.4 = 1.5 and 8.4 + 0.9 in Likert’s score was achieved after one and three months, respectively
(Figure 3B). Participants also referred a “much better” condition when compared to their baseline dermatological status
(2.2 £ 0.8 and 2.4 + 0.5 PGI-I score at one and three months, respectively) (Figure 3B). Healthcare specialists concluded
that the symptoms at the end of the study were resolved or minimal (1.0 + 0.0 and 0.8 = 0.5 IGA score after one and three
months, respectively) (Figure 3B).

Reveal software and RBX images highlighted a noticeable improvement in the underlying vascular condition of
patients after ES therapy. Erythema and overall skin inflammation decreased along with reduction of intermittent flushing
and blushing. The excess of haemoglobin within the vascular structure at the papillary dermis, which is responsible for
red coloration of skin tone, is shown to diminish (Figure 4). The abnormal melanin concentration at the epidermal layer,
which is associated with hyperpigmented spots, was also shown to be reduced at the end of the study (Figure 5).
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Figure 3 (A) In some patients, cutaneous in vivo reflectance confocal microscopy (RCM) evaluation showed a decrease in dermal inflammatory infiltrate (white dots) when
comparing baseline (up) and post-treatment images (down). (B) Self-assessment questionnaires showed that patients referred to be very satisfied with ES and noticed a
much better condition when comparing to their baseline status. Healthcare specialists also observed minimal dermatological symptoms at the end of the treatment.

Pre-treatment 3 months Pre-treatment 3 months

Figure 4 Topographic skin complexion analysis using the Reveal imaging system. Cross polarized (A, B, E and F) and RBX Red (C, D, G and H) images are displayed.
Patients presented noticeable improvement in the underlying vascular condition after ES therapy.
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Pre-treatment 3 months Pre-treatment 3 months

Figure 5 Topographic skin complexion analysis using the Reveal imaging system. Cross polarized (A, B, E and F) and RBX Brown (C, D, G and H) images are displayed.
Patients presented slight reduction in hyperpigmented spots after ES therapy.

Discussion

In the last few years, the concept of endogenous regenerative medicine is gaining the attention of dermatologists. Plasma
rich in growth factors (Endoret-PRGF) is a specific technology based on platelet-rich plasma therapy. A small blood
sample is obtained and is briefly centrifuged at low rate in order to obtain a leucocyte-free platelet-rich volume at an
optimal concentration.'® The alpha granules within platelets behave as a natural reservoir of growth factors and bioactive
proteins that are released to the local milieu with the aim of promoting tissue repair and regeneration. These morphogens
include EGF, IGF-I, PDGF-AB and TGF-B1. The biologic potential of PRGF has been widely evaluated in different
medical fields such as oral/maxillofacial surgery, sports medicine, traumatology and ophthalmology.>’>* Moreover,
several studies have demonstrated its regenerative effect when facing different dermatological disorders.>> %’ As a
versatile technology, further advances in the field have enabled the development of different therapeutic formulations
that can be easily prepared and used in the clinical setting.

In this study, Endoret-Serum (ES) has been tested as a topical formulation for the management of sensitive skin
alterations. There are several recognised medical causes of sensitive skin, such as irritant or allergic dermatitis, contact
urticaria, rosacea, melasma, aquagenic pruritus, eczema or cutaneous mastocytoses.’® Dry skin and epidermal barrier
disturbance are the main symptoms associated with these dermatoses.® Results presented herein showed that a daily
topical application of ES resulted in an increase of surface moisture. These results are consistent with previous studies
were PRGF treatment increased skin hydration as measured by a corneometer in aged skin.*' This could be related to the
previously reported ability of ES to induce glycosaminoglycan and fibrillar structure production and their ability to retain

water. 16
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In the present study, participants described ES as an opaque yellowish and odourless serum, with smooth texture and
homogeneous oil-in-water emulsion appearance. During the follow-up period, ES modulated cutaneous inflammation and
ameliorated some of the main symptoms of sensitive skin such as local erythema, burning and redness. In line with these
outcomes, recent studies have suggested that PRGF is able to mitigate inflammation and pain due to interconnected
acute-phase proteins, linked to the nuclear-factor-k (NF-kp) pathway and peripheral endocannabinoid metabolism.****
In fact, it has been also demonstrated that PRGF reduces the expression of pro-inflammatory cytokines such as IL-1, IL-8
and TNF-alpha in hostile microenvironments.** These molecules are important mediators in several cutaneous derma-
toses that trigger abnormal vasodilation and excessive inflammatory cell recruitment.® The biologic mechanism of PRP
may also be associated with its ability to reduce pro-inflammatory M1 macrophage phenotype and foster the differentia-
tion of monocytes to anti-inflammatory cell populations.*>~° Other findings reveal that key inflammatory activators such
as TLR4 and p-p65 can be inhibited by use of platelet-rich plasma.*

In this study, the presence of hyperpigmented melanin spots showed a slight reduction after ES treatment. Melanin
deposition usually occurs during photo-oxidative stress after solar damage. In this sense PRGF has previously been
shown to reduce cutaneous photo-damage including collagen deterioration, interstitial oedema and actinic elastosis.*’**
Additional findings revealed that ES downregulated the expression of reactive oxygen species (ROS) and free radicals
over UV irradiated skin models. In addition, ES prevented DNA cleavage that occurs after solar exposure which is
directly related to a decrease in tissue necrosis and cell apoptosis.** Moreover, it has been suggested that PRGF mediated
photo-protection may be directly related to the activation of several antioxidant enzymes and the reduction of apoptotic
caspases that ultimately maintain tissue viability.*>*' Thus, hyperpigmented melanin spot reduction observed herein
could be an additional effect of ES when counteracting solar photo-damage symptoms.

During the follow-up period, patients included in this study fulfilled specific surveys and dermatological life quality
tests. Taken together, anti-inflammatory and photo-protective outcomes are usually related to a good prognosis of several
skin conditions such as acne, rosacea, dermatitis, melasma, photoaging and telangiectasia.** Therefore, participants and
physicians referred a noticeable improvement of their symptoms with no signs of adverse events. Accordingly,
researchers are beginning to envisage injectable platelet-rich plasma as an alternative for the treatment of eczema,
psoriatic plaques, radiodermatitis, chronic urticaria, vitiligo, lichen sclerosus or leprosy.*’

At the European level, there are no real common rules for platelet-rich plasma therapies that are applicable to all
member countries. The European Medicines Agency (EMA) has certain regulations, but each state has the authority to
independently regulate PRP therapy.***> As this study has been conducted in Spain, this work has been conducted in
accordance with Spanish guidelines. The Spanish Agency of Medicines and Medical Devices (AEMPS) stands a
comprehensive report and subsequent resolution regarding the medicinal classification of PRP.***> AEMPS has clarified
that, although it is a medicinal product, obtaining PRP does not involve an industrial process and therefore PRP cannot be
considered an industrially produced medicinal product. AEMPS states that the use of PRP must be prescribed by doctors
with appropriate qualification and that it must be obtained using commercially available disposable kits. These kits must
always be medical device and have the Conformite Europeenne (CE) clearance indicating that they comply with
European directives and should be used following the manufacturer’s instructions.***> ES preparation is attached to
the use of a disposable kit which is a medical device with CE clearance.

Conclusion

To the author’s knowledge this is the first study where a platelet based 100% autologous topical product is used for the
management of sensitive skin-related alterations. However, the present study presents important limitations in its design
such as the low sample size, the short follow-up period and the absence of a control group. Hence, additional randomized
and controlled clinical trials that consider additional outcomes such as TEWL are needed to clearly assess the efficacy
and safety of ES. Nevertheless, this pilot study provides valuable preliminary data that would support further research
involving the therapeutic use of Endoret-Serum over inflammatory dermatological conditions.
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