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Abstract:  
Extracellular vesicles (EVs) are nanosized membrane vesicles that carry membrane and 
cargo molecules inherited from their parental cells. Excellent delivery capacity, biological 
origin, and nanosized dimensions support the great potential of EVs as medical and 
cosmetic active ingredients. Many studies have already reported improved skin 
conditions by using EVs for skin rejuvenation, scar removal, and anti-pigmentation 
treatments. In this  review, EVs from mesenchymal stem cells, platelets, skin microbiota, 
and microalgae will be considered. The most promising results come from mesenchymal 
stem cell (MSC) derived EVs that have impressive antiaging and wound-healing effects 
on the skin, but their use for medical or cosmetic purposes is not yet allowed in Europe 
and the United States. Autologous platelet- and extracellular vesicle-rich plasma (PVRP) 
is well tolerated and capable of rejuvenating the face; intradermal injections and topical 
applications are currently being considered in clinical and cosmetic dermatology. 
Symbiotic microorganisms of the human skin have many beneficial effects on the skin, 
but the presence of bacteria in cosmetic products is restricted; therefore, the preparation 
of EVs from skin-beneficial microbes is particularly relevant, and there are already many 
cosmetic products containing lysates from different probiotics on the market. Microalgae 
can produce many valuable bioactive compounds, antioxidants such as carotenoids are 
particularly interesting; therefore, microalgae are promising producers of EVs that could 
be used in cosmetic products. 
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1.   Introduction  
Human skin is an effective barrier that protects the body from the external environment. 
In addition to protecting the body from environmental damage, skin is also extremely 
important for our appearance; therefore, cosmetics have been used for thousands of years 
to promote our appearance more attractive. Nanotechnology is an actual strategy for the 
development of cosmetics formulation because nanoparticles allow more efficient 
penetration through the skin and effective release of ingredients, which contributes to 
superior technological and cosmetic effects (Santos et al., 2019). Extremely interesting 
nanoparticles for cosmetic use are extracellular vesicles (EVs) due to their biological origin 
and capability to modulate recipient cells. 
Extracellular vesicles (EVs) are membrane vesicles, 40-1000 nm in size, released from the 
cells into their microenvironment. Normal cells of multicellular organisms, malignant cells, 
as well as unicellular organisms, release EVs from their surface. EVs are potent carriers of 
biologically active molecules because they carry membrane and cargo molecules (proteins, 
lipids, and nucleic acids), which inherit the molecular information from their parental cells 
but are enriched in specific proteins and mRNAs. Uptake of EVs by endocytosis or fusion 
with plasma membrane can induce activation of specific signal transduction cascades of 
recipient cells and thereby influence the metabolism of target cells and their physiologic 
state (Kharaziha et al., 2012; Gangoda et al., 2015).  
EVs are released into their microenvironment continuously or they are rapidly released by 
the cells during cell activation. EV secretion is highly environmentally dependent and can 
be regulated by various stimulants such as chemical treatments, or heat, oxidative, and 
mechanical stress (Hahm et al, 2021; Zavec et al., 2016). For the production of EVs in vitro, 
it is important that external conditions can influence the amount of released EVs and the 
properties of EVs. It was found that EVs are excessively formed in connection to cell 
activation, high or low temperature and pH, cell starvation, pharmacologic agents, 
oxidative stress, electrical stimulus, electromagnetic waves exposure, and exposure to 
shear forces (Erwin et al., 2022; Božič et al, 2020; Yáñez-Mó et al., 2015). Besides, EVs 
released upon different treatments are capable of producing a spectrum of EVs with 
functional heterogeneity, and secreted EVs reflect the prevailing state of the cell (Kolonics 
et al., 2020). It was shown that the same population of neutrophils is able to generate EVs 
with different functional properties, EVs with pro-inflammatory or EVs with anti-
inflammatory effects on neighboring cells (Kolonics et al., 2020). The characteristic of EVs 
to reflect the status of the environmental conditions, allows us to influence the quantity 
and properties of the produced EVs by changing the cell culture conditions. 
The efficacy of EVs in and through the skin has not yet been thoroughly studied. EVs are 
similar in size and composition to liposomes but are significantly more complex. 
Liposomes are mostly unable to penetrate the skin (Dreier et al., 2016), so we expect that 
EVs also have poor penetration into the lower layers of the skin. However, the passage of 
both liposomes and EVs into the lower layers of the skin can be increased with 
microneedling (Yernen et al, 2022; Qu F et al, 2022; Kelm and Ibrahim, 2022). 
Excellent delivery capacity to the cells, biological origin and nanosized dimensions 
support the great potential of EVs as medical and cosmetic active ingredients. EV 
applications have been widely investigated in aesthetic medicine and cosmetics, and many 
studies have already reported improved skin conditions by using EVs for skin 
rejuvenation, scar removal, and anti-pigmentation treatments (Kee et al., 2022). In this 
reflection EVs from mesenchymal stem cells, platelets, skin microbiota, and microalgae 
(Figure 1) will be reviewed. 
 
 
 
 
 
 
 
 
 
 
 



Proceedings of 8th Socratic Lectures 2023                                                                                        
118 of 202 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic presentation of interaction of different types of EVs with skin. 

 
 
2.  Mesenchymal stem cells and their EVs 
The therapeutic potential of EVs are reviewed several times, and the most promising 
results come from a mesenchymal stem cell (MSC) derived EVs that are transiting rapidly 
toward clinical applications (Wiklander et al., 2019). Mesenchymal stem cells (MSCs) are 
multipotent stem cells with high regenerative capacity that can be obtained from diverse 
sources, including bone marrow, adipose tissue, umbilical cord blood, synovium, dermis, 
periodontal ligament and dental pulp (Nancarrow-Lei et al., 2017). The most popular 
source of MSCs is adipose tissue due to its easy availability. MSCs can differentiate into a 
variety of mesenchymal lineages such as osteoblasts, chondrocytes, and adipocytes; 
therefore, they have the ability to repair specific tissues such as bone and cartilage (Song 
et al., 2006). Recently, MSCs have been recognized as therapeutic agents for skin 
regeneration and rejuvenation. MSCs have healing capacities for damaged and aged skin 
because they increase cell proliferation and decrease inflammation, they cause the 
production of collagen and elastic fibers and they cause the inhibition of metalloproteinase 
activation in the skin (Jo et al., 2021). 
EVs from MSCs are studied for use in cell-free regenerative medicine, also for skin 
regeneration because it was shown that EVs from MSCs have antiaging and wound-
healing effects on the skin. It was shown that EVs derived from amniotic cells accelerate 
wound healing and inhibit scar formation (Zhao et al., 2017); EVs from human adipose-
derived MSCs promote the proliferation of skin fibroblasts (Choi et al., 2018a); EVs from 
adipose MSCs accelerate skin wound healing and reduce the cellular senescence by 
optimizing fibroblast properties (Li et al., 2018) 
Most of the studies carried out so far are preclinical and the use of EVs is not yet allowed 
(in Europe and the United States) for either medical or cosmetic purposes; however, there 
are already preparations on the cosmetic market that contain active ingredients prepared 
from stem cells and their extracellular vesicles. Kimera Labs already produces such 
extracellular vesicles for the market, but for now only for research organizations studying 
the effects of EVs in various fields of medicine and cosmetics. 
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3.  Platelet and EV-rich plasma  

Platelet-rich plasma (PRP) is extensively applied as a bioactive scaffold in regeneration of 
different tissues. Autologous PRP is prepared from subject’s own blood. Platelets are 
concentrated and can be exogenously activated by the addition of calcium mixtures prior 
to the application. Platelets contain more than 300 biologically active molecules, many 
growth factors, that are released upon activation and regulate the tissue regeneration 
process (Nurden et al., 2008); therefore, autologous PRP applications have the potential to 
play an important role in a variety of regenerative medicine treatments. PRP contains a 
specific concentration of EVs which are probably important contributors to PRPs effects; 
therefore the term 'platelet- and extracellular vesicle-rich plasma' (PVRP) has been 
suggested (Vozel et al., 2021; Troha et al., 2023).  
PVPR applications have been widely investigated in clinical dermatology and aesthetic 
medicine for their beneficial use in skin regeneration and skin rejuvenation. It was shown 
that treatment with products that contain PVRP led to a significant improvement in the 
overall facial appearance, and biophysical measurements showed significantly improved 
skin elasticity (Hersant et al., 2021). It was shown that a single intradermal injection of 
autologous PVRP is well tolerated and capable of rejuvenating the face; the most 
significant results were with the correction of wrinkles of the nasolabial folds in younger 
subjects (Elnehrawy et al., 2017; Sclafani, 2010). Intradermal injections of PVRP cause a 
significant improvement in infraorbital color homogeneity, while no significant changes 
were observed in the crow’s feet wrinkle (Mehryan et al., 2014). Intradermal injections of 
autologous PVRP have been shown to be an effective treatment for photodamaged skin 
(Díaz-Ley et al., 2015). The hyperpigmentation of melasma also significantly improved 
with intradermal PVRP compared with normal saline (Sirithanabadeekul et al., 2020). 
Topical applications of PVRP also produce favorable results, especially when combined 
with microneedling. Improvement in the appearance of acne scars, improvement in the 
appearance of hyperpigmentation, improvement in the appearance of striae on the 
buttocks, and improvement in the appearance of androgenetic alopecia was shown after 
six sessions of monthly microneedling with topical PVRP administration (Kelm and 
Ibrahim, 2022).  
In conclusion, autologous  PVPR as a therapeutic liquid is currently being considered in 
different fields of medicine, also in clinical and cosmetic dermatology. We anticipate that 
the topical application of PVRP will prevail over intradermal application in the future due 
to its simpler application. 
 

4.   Skin microbiota and bacterial EVs  

The human microbiota is the full array of microorganisms that live on and in humans. 
There is a remarkably diverse array of microorganisms that includes bacteria, archaea, 
fungi, viruses, and some protozoans. The majority of microorganisms found in the human 
body live in the gut. The intestinal microbiota protects the intestinal walls from invasion 
by pathogens, helps in the digestion of food, and produces some vitamins (B12, K) that can 
not be produced by human cells. Altered intestinal microbiota can result in the 
development of different diseases like diabetes, asthma, and chronic gut inflammation 
(Motta et al., 2015).  
Human skin is also inhabited by a huge number of bacteria, fungi, and viruses that 
compose the skin microbiota. beneficial microorganisms on the skin contribute to the first 
line of defense against attacking pathogens, and there are complex ecological interactions, 
the competition within and between microbial species is important for the development 
and maintenance of a healthy microbiome (Schommer and Gallo, 2013). The microbes of 
the skin have a significant impact on skin physiology and pathophysiology, and instability 
of the skin microbiota is associated with skin diseases (Byrd et al., 2018). It was shown that 
in patients (with atopic dermatitis, psoriasis) the microbial balance is disrupted and the 
skin is, therefore, more susceptible to infections with pathogenic microorganisms (Paller 
et al., 2019; Chen et al., 2020).  
Major examples of skin microorganisms are Actinobacteria (51.8%; the most common 
Corynebacteria and Propionibacteria), Firmicutes (24.4%; the most common Staphylococci), 
Proteobacteria (16.5%), and Bacteroidetes (6.3%) (Grice et al., 2009). Microorganisms of the 
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skin are related to microorganisms in the intestine and they can affect the entire organism 
through the metabolites they secrete; some of these metabolites get into the blood and 
affect the body's functioning via olfactory receptors (Lemoine et al., 2020). Skin microbiota 
varies between different sites on the skin, and between individuals, it varies according to 
skin type (racial diversity), social status (or skin treatment), and according to age (Kim et 
al., 2019). It was shown that probiotics can restore acidic skin pH, alleviate oxidative stress, 
attenuate photoaging, improve skin barrier function, and enhance hair quality; symbiotic 
microorganisms are able to slow the skin manifestations of both intrinsic and extrinsic 
aging (Sharma et al., 2016). Therefore, it is extremely important that our skin is inhabited 
by symbiotic and commensal microorganisms. 
Due to legislative restrictions on the presence of bacteria in cosmetic products, currently 
only cosmetic products with extracts of microorganisms are present on the market, while 
products with live microorganisms are not yet available in Europe; therefore, the 
preparation of EVs from skin-beneficial microbes is particularly relevant. 
Bacterial extracellular vesicles (BEVs) are membrane vesicles filled with bacteria-derived 
components. They are released by Gram-negative and Gram-positive bacteria, they 
contain diverse components originating from the cell envelope and cytoplasm, and have 
an important role in the interaction of bacteria with each other and with the host (Sartorio 
et al.,2021). BEVs have been shown to carry virulence factors and promote infection and 
disease development, inflammatory response, and act as immune elicitors (Deo et al., 2020; 
Laughlin and Alaniz, 2016). It was shown that EVs of gut bacteria are implicated in host 
metabolic homeostasis with their actions on the intestinal barrier, inflammation, and 
insulin resistance (Villard et al., 2021). The metagenomic study has shown that the 
composition of fecal-microbe-derived EVs and their effects on Caco-2 cells depends on the 
disease of the patients (Rodríguez-Díaz et al., 2023). Obviously, BEVs are important factors 
in the pathophysiology of metabolic diseases and could represent an interesting strategy 
for promoting human health. EVs of skin bacteria also carry the properties of the original 
bacteria and can transfer them to the host cells. It was shown that Propionibacterium acnes-
derived BEVs promote acne-like phenotypes in the human epidermis (Choi et al., 2018b); 
therefore, BEVs of symbiotic bacteria of the skin microbiota can be expected to induce 
positive effects on the human skin. 
BEVs can be obtained by isolation from the supernatant of a microbial culture, it is possible 
to harvest EVs sequentially, and preserve microorganisms that grow poorly in bioreactors. 
On the other hand, BEVs of microorganisms, easily grown in bioreactors, can be prepared 
in large quantities by mechanical extrusion. As regards skin microbiota, the skin genus 
Staphylococcus is cultivated more easily than Propionibacterium or Corynebacterium (Byrd  
et al., 2018). There are many cosmetic products containing lysates from different probiotics 
on the market already, and it is expected that the amount of such cosmetic products on the 
market will grow significantly. 
 

5.  Microalgae and their EVs  

Microalgae are unicellular photosynthetic microorganisms found in marine and 
freshwater environments with enormous biodiversity that can produce tremendous 
diversity of valuable bioactive compounds. They can produce antioxidants, especially 
carotenoids, enzymes, fatty acids, sterols, polysaccharides, and lectins (Cardozo et al., 
2007); therefore, microalgae are recognized as promising components for medical and 
cosmetical formulations as natural and environmentally friendly products that could 
replace synthetic products (Martínez-Ruiz et al., 2022). In skin exposed to UV radiation 
and other harmful environmental factors, the level of oxidative compounds increases. 
Many studies have linked reactive oxygen species (ROS) to various inflammatory skin 
diseases (atopic dermatitis, psoriasis, and vitiligo), skin aging, and carcinogenesis (Choo 
et al., 2020). However, microalgae contain many antioxidant agents that could prevent cell 
destabilization caused by reactive oxygen species and therefore reduce their negative 
impact on the skin. Antioxidant agents found in microalgae are chlorophyll, carotenoids, 
squalene, vitamins, flavonoids, polyphenols, and sterols (Sansone and Brunet, 2019). The 
genus Chlorella, Dunaliella, Phaeodactylum, and Spirulina are often used in cosmetics. It was 
shown that carotenoids (Chlorella, Dunaliella) are able to control chronic inflammation by 
inhibiting pro-inflammatory cytokines; astaxanthin (in most microalgae; Haematococcus 
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pluvialis is known to produce the highest content of astaxanthin) reduces the UVB-induced 
production of pro-inflammatory cytokines; lutein (in Chlorella, Dunaliella) has strong 
antioxidant activity; sulfated polysaccharide from the cell walls of microalgae (Chlorella, 
Phaeodactylum) have strong anti-inflammatory activity (Choo et al., 2020). Beneficial 
properties of different microalgae have gained the development of microalgae-based 
formulations which will be resulted in more commercial products in a short period of time 
(Yarkent et al., 2020).  
The amount of bioactive components in microalgae varies considerably among different 
species but also within the same species that inhabited different ecosystems. The amount 
of bioactive components in microalgae can be regulated by modification of cultivation 
conditions (temperature, nutrient availability, salinity, and lighting regime); it was shown 
that the production of carotenoid lutein, was regulated by different cultivation conditions 
(Schuler et al., 2020). 
Microalgae release EVs that contain diverse components originating from the shedding 
cell as all other types of cells. It was confirmed that photosynthetic microalgae release EVs; 
however, some strains are better suited for the isolation of EVs (Picciotto et al., 2021). The 
same study also showed that microalgae are promising producers of EVs that could be 
used as delivery systems of biologically active compounds, which could be used for 
different industrial sectors such as nutraceuticals, cosmetics, or nanomedicine. 
 
 
Funding: This research was supported by Slovenian Research Agency through the project 
No. J3-3066. 

Conflicts of Interest: The authors declare no conflict of interest. 

 
 
 
References  
 
1. Byrd A, Belkaid Y, Segre J. The human skin microbiome. Nat Rev Microbiol. 2018; 16:143–155.  

DOI: 10.1038/nrmicro.2017.157 
2. Božič D, Hočevar M, Kononenko V et al. Chapter Five - Pursuing mechanisms of extracellular vesicle formation. 

Effects of sample processing, ditor(s): Bongiovanni A, Pocsfalvi G, Manno M, Kralj-Iglič V, Advances in 
Biomembranes and Lipid Self-Assembly. 2020; 32: 113-155. DOI: 10.1016/bs.abl.2020.09.003 

3. Cardozo KHM, Guaratini T, Barros MP, et al. Metabolites from algae with economical impact. Comp Biochem 
Physiol C Toxicol Pharmacol. 2007; 146: 60-78. DOI: 10.1016/j.cbpc.2006.05.007 

4. Chen L, Li J, Zhu W et al. Skin and Gut Microbiome in Psoriasis: Gaining Insight Into the Pathophysiology of It 
and Finding Novel Therapeutic Strategies. Front Microbiol. 2020; 11: 589726. DOI: 10.3389/fmicb.2020.589726 

5. Choi EW, Se MK, Woo EY et al . Exosomes from human adipose-derived stem cells promote proliferation and 
migration of skin fibroblasts. Exp Dermatol. 2018a. 27: 1170–1172. DOI: 10.1111/exd.13451 

6. Choi EJ, Lee HG, Bae IH et al. Propionibacterium acnes-Derived Extracellular Vesicles Promote Acne-Like 
Phenotypes in Human Epidermis. J Invest Dermatol. 2018b; 138: 1371-1379. DOI: 10.1016/j.jid.2018.01.007 

7. Choo WT, Teoh ML, Phang SM et al. Microalgae as Potential Anti-Inflammatory Natural Product Against Human 
Inflammatory Skin Diseases. Front. Pharmacol. 2020; 11: 1086. DOI: 10.3389/fphar.2020.01086 

8. Deo P, ChowSH, Han ML. et al. Mitochondrial dysfunction caused by outer membrane vesicles from Gram-
negative bacteria activates intrinsic apoptosis and inflammation. Nat Microbiol. 2020; 5: 1418–1427.  
DOI: 10.1038/s41564-020-0773-2 

9. Díaz-Ley B, Cuevast J, Alonso-Castro L et al. Benefits of Plasma Rich in Growth Factors (PRGF) in Skin 
Photodamage: Clinical Response and Histological Assessment. Dermatol Ther. 2015; 28: 258–263. DOI: 
10.1111/dth.12228 

10. Dreier J, Sørensen JA, Brewer JR. Superresolution and Fluorescence Dynamics Evidence Reveal That Intact 
Liposomes Do Not Cross the Human Skin Barrier. PLOS ONE, 2016; 11: e0146514. DOI: 
10.1371/journal.pone.0146514 

11. Elnehrawy NY, Ibrahim ZA, Eltoukhy AM, Nagy HM. Assessment of the Efficacy and Safety of Single Platelet-
Rich Plasma Injection on Different Types and Grades of Facial Wrinkles. J Cosmet Dermatol. 2017; 16: 103–111. 
DOI: 10.1111/jocd.12258 

12. Erwin N, Serafim MF, He M. Enhancing the Cellular Production of Extracellular Vesicles for Developing 
Therapeutic Applications. Pharm Res. 2022; DOI: 10.1007/s11095-022-03420-w 



Proceedings of 8th Socratic Lectures 2023                                                                                        
122 of 202 

 

13. Gangoda L, Boukouris S, Liem M et al. Extracellular vesicles including exosomes are mediators of signal 
transduction: Are they protective or pathogenic? Proteomisc. 2015; 15: 260-271. DOI: 10.1002/pmic.201400234 

14. Grice EA, Kong HH, Conlan S et al. Topographical and temporal diversity of the human skin microbiome. 
Science. 2009; 324: 1190-1192. DOI: 10.1126/science.1171700 

15. Hahm J, Kim J, Park J. Strategies to Enhance Extracellular Vesicle Production. Tissue Eng Regen Med. 2021;  
18: 513-524. DOI: 10.1007/s13770-021-00364-x 

16. Hersant B, SidAhmed-Mezi M, Aboud C, et al. Synergistic Effects of Autologous Platelet-Rich Plasma and 
Hyaluronic Acid Injections on Facial Skin Rejuvenation. Aesthet Surg J. 2021; 41: NP854–NP865.  
DOI: 10.1093/asj/sjab061 

17. Jo H, Brito S, Kwak BM, Park S, Lee M-G, Bin B-H. Applications of Mesenchymal Stem Cells in Skin Regeneration 
and Rejuvenation. Int J Mol Sci. 2021; 22: 2410. DOI: 10.3390/ijms22052410 

18. Kee LT, Ng CY, Al-Masawa ME et al. Extracellular Vesicles in Facial Aesthetics: A Review. Int J Mol Sci. 2022;  
23: 6742. DOI: 10.3390/ijms2312674 

19. Kelm RC, Ibrahim O. Utility of platelet-rich plasma in aesthetics. Clinics in DermatoL. 2022; 40: 19-28.  
DOI: 10.1016/j.clindermatol.2021.08.007 

20. Kharaziha P, Ceder S, Li Q, Panaretakis T. Tumor cell-derived exosomes: A message in a bottle. Biochim Biophy 
Acta. 2012; 1826: 103-111. DOI: 10.1016/j.bbcan.2012.03.006 

21. Kim HJ, Kim JJ, Myeong NR, Kim T, Kim D, An S, et al. Segregation of age-related skin microbiome characteristics 
by functionality. Sci Rep. 2019; 9: 16748. DOI: 10.1038/s41598-019-53266-3 

22. Kolonics F, Szeifert V, Timár CI et al. The Functional Heterogeneity of Neutrophil-Derived Extracellular Vesicles 
Reflects the Status of the Parent Cell. Cells. 2020; 9: 2718. DOI: 10.3390/cells9122718 

23. Laughlin RC, Alaniz RC. Outer membrane vesicles in service as protein shuttles, biotic defenders, and 
immunological doppelgängers. Gut Microbes. 2016; 7: 450-454. DOI: 10.1080/19490976.2016.1222345 

24. Lemoine L, Dieckmann R, Al Dahouk S et al. Microbially competent 3D skin: a test system that reveals insight 
into host–microbe interactions and their potential toxicological impact. Arch Toxicol. 2020; 94: 3487–3502.  
DOI: 10.1007/s00204-020-02841-z 

25. Li Y, Wang H, Wang J. Exosomes as a novel pathway for regulating development and diseases of the skin. Biomed 
Rep. 2018; 8:207–214. DOI: 10.3892/br.2018.1054 

26. Martínez-Ruiz M, Martínez-González CA, Kim D-H, et al. Microalgae Bioactive Compounds to Topical 
Applications Products—A Review. Molecules. 2022; 27: 3512. DOI: 10.3390/molecules27113512 

27. Mehryan P, Zartab H, Rajabi A et al. Assessment of Efficacy of Platelet-Rich Plasma (PRP) on Infraorbital Dark 
Circles and Crow’s Feet Wrinkles. J Cosmet Dermatol. 2014; 13: 72–78. DOI: 10.1111/jocd.12072 

28. Motta JP, Flannigan KL, Agbor TA et al. Hydrogen sulfide protects from colitis and restores intestinal microbiota 
biofilm and mucus production. Inflamm Bowel Dis. 2015; 21: 1006–17. DOI: 10.1097/MIB.0000000000000345 

29. Nancarrow-Lei, R.; Mafi, P.; Mafi, R.; Khan, W. A Systemic Review of Adult Mesenchymal Stem Cell Sources and 
Their Multilineage Differentiation Potential Relevant to Musculoskeletal Tissue Repair and Regeneration. Curr 
Stem Cell Res Ther. 2017; 12: 601–610. DOI: 10.2174/1574888X12666170608124303 

30. Nurden AT, Nurden P, Sanchez M, et al. Platelets and wound healing. Front Biosci. 2008; 13: 3532–3548.  
DOI: 10.2741/2947   

31. Paller AS, Kong HH, Seed P et al. The microbiome in patients with atopic dermatitis. J Allergy Clin Immunol. 
2019; 143: 26-35. DOI: 10.1016/j.jaci.2018.11.015 

32. Picciotto S, Barone ME, Fierli D et al. Isolation of extracellular vesicles from microalgae: towards the production 
of sustainable and natural nanocarriers of bioactive compounds. Biomat Sci. 2021; 9: 2917-2930.  
DOI: 10.1039/d0bm01696a 

33. Qu F, Geng R, Liu Y, Zhu J. Advanced nanocarrier- and microneedle-based transdermal drug delivery strategies 
for skin diseases treatment. Theranostics. 2022; 12: 3372-3406. DOI: 10.7150/thno.69999 

34. Rodríguez-Díaz C, Martín-Reyes F, Taminiau B, et al. The Metagenomic Composition and Effects of Fecal-
Microbe-Derived Extracellular Vesicles on Intestinal Permeability Depend on the Patient’s Disease. Int. J. Mol. 
Sci. 2023; 24: 4971. DOI: https://doi.org/10.3390/ijms24054971 

35. Sansone C, Brunet C. Promises and Challenges of Microalgal Antioxidant Production. Antioxidants (Basel). 
2019; 8:199. DOI: 10.3390/antiox8070199 

36. Santos AC, Morais F, Simões A et al. Nanotechnology for the development of new cosmetic formulations. 
Expert Opin. Drug Deliv. 2019; 16: 313–330. DOI: 10.1080/17425247.2019.1585426 

37. Sartorio MG, Pardue EJ, Feldman MF, Haurat MF. Bacterial Outer Membrane Vesicles: From Discovery to 
Applications. Annu Rev Microbiol. 2021; 75: 609-630. DOI:10.1146/annurev-micro-052821-031444 

38. Sclafani AP. Platelet-Rich Fibrin Matrix for Improvement of Deep Nasolabial Folds. J Cosmet Dermatol. 2010;  
9: 66–71. DOI: 10.1111/j.1473-2165.2010.00486.x 

39. Schommer NN, Gallo RL. Structure and function of the human skin microbiome. Trends Microbiol. 2013;  
21: 660-668. DOI: 10.1016/j.tim.2013.10.001 



Proceedings of 8th Socratic Lectures 2023                                                                                        
123 of 202 

 

40. Schüler LM, Santos T, Pereira H et al. Improved production of lutein and β-carotene by thermal and light intensity 
upshifts in the marine microalga Tetraselmis sp. CTP4. Algal Research. 2020; 45: 101732.  
DOI: https://doi.org/10.1016/j.algal.2019.101732 

41. Sharma D, Kober MM, Bowe WP. Anti-Aging Effects of Probiotics. J Drugs Dermatol. 2016; 15: 9-12 
42. Sirithanabadeekul P, Dannarongchai A, Suwanchinda A. Platelet-rich plasma treatment for melasma: a pilot 

study. J Cosmet Dermatol. 2020; 19: 1321-1327. DOI: 10.1111/jocd.13157 
43. Song L, Webb NE, Song Y, Tuan RS. Identification and functional analysis of candidate genes regulating 

mesenchymal stem cell self-renewal and multipotency. Stem Cells. 2006; 24: 1707–1718.  
DOI: 10.1634/stemcells.2005-0604 

44. Troha K, Vozel D, Arko M, et al. Autologous Platelet and Extracellular Vesicle-Rich Plasma as Therapeutic Fluid: 
A Review. Int. J. Mol. Sci. 2023; 24: 3420. DOI: 10.3390/ijms24043420 

45. Villard A, Boursier J, Andriantsitohaina R. Microbiota-derived extracellular vesicles and metabolic syndrome. 
Acta Physiol (Oxf). 2021; 231: e13600. DOI: 10.1111/apha.13600 

46. Wiklander OPB, Brennan MA, Lotvall J, et al. Advances in therapeutic applications of extracellular vesicles. Sci. 
Transl. Med. 2019; 11: eaav8521. DOI: 10.1126/scitranslmed.aav8521 

47. Zavec AB, Kralj‐Iglič V, Brinc M et al. Extracellular vesicles concentration is a promising and important 
parameter for industrial bioprocess monitoring. Biotechnol J. 2016; 11: 603-609. DOI: 10.1002/biot.201500049 

48. Zhao B, Zhang Y, Han S, et al. Exosomes derived from human amniotic epithelial cells accelerate wound healing 
and inhibit scar formation. J Mol Histol. 2017; 4: 121–132. DOI: 10.1007/s10735-017-9711-x 

49. Yáñez-Mó M, Siljander PRM, Andreu Z, Bedina Zavec A et al. Biological properties of extracellular vesicles and 
their physiological functions. J Extracell Vesicles. 2015; 4: 27066. DOI: 10.3402/jev.v4.27066 

50. Yarkent C, Gürlek C, Oncel SS. Potential of microalgal compounds in trending natural cosmetics: A review, 
Sustainable Chemistry and Pharmacy. 2020; 17: 100304. DOI: 10.1016/j.scp.2020.100304. 

51. Yerneni SS, Yalcintas EP, Smith JD et al. Skin-targeted delivery of extracellular vesicle-encapsulated curcumin 
using dissolvable microneedle arrays. Acta Biomat. 2022; 149: 198-212. DOI: 10.1016/j.actbio.2022.06.046. 

 
 

 

 

 


