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Introduction

The original concept of “skin boosters” has evolved, 
representing a departure from the conventional application of 
hyaluronic acid (HA) fillers, which was limited to increasing the 
volume of the skin, to a more varied use intended to improve 
dermal complication [1]. Skin boosters are a class of substances 
that increase the dermal extracellular matrix to improve skin 
quality and reduce the aging process of the skin. 

Skin aging is characterized by a decrease in the number of epi-
dermal and dermal cells, a reduction in the height of rete ridges, a 
decrease in collagen and elastin and a loss in glycosaminoglycans. 
In order to show their beneficial effects, skin boosters enhance and 
reinforce the extracellular environment, ameliorate pigmentation 
disorders, vasodilation and reduce inflammation. Among these, 
exosomes represent one of a series of skin-boosting products that 
have received a lot of attention recently and its use in dermatolo-
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Background: Exosomes represent one of a series of skin-boosting products that have received a lot of attention on its use in skin rejuvenation. 
Aim: to evaluate the efficacy of a skin collagen booster contained exosomes and other products as an adjuvant therapy after application of a recent 
CO2 laser fractional treatment for skin aging.

 Material and Methods:  A total of 20 skin test were performed on the anterior portion of the forearm of a healthy adult: 10 skin tests were 
performed with CO2 fractional laser treatment only and other 10 skin samples with CO2 fractional laser treatment and subsequent application 
of the skin collagen booster. The Optical Coherence Tomography (OCT) system was used to analyze the vascularization of treated areas during 
the healing phase. The outcomes for each set of skin tests were photographically documented and the speed of the skin healing process was also 
monitored observing the exfoliation process of the crusts.

Results: The areas treated with the CO2 laser and the skin collagen booster show a reduced vascularisation compared to that obtained with 
CO2 laser alone. The photographic documentation revealed that the combination of CO2 laser with skin collagen booster-containing exosomes 
accelerates crust expulsion as compared to CO2 treatment alone. The quantitative assessment of the percentage of crust disappearance showed a 
greater acceleration of skin healing process with the synergy between skin collagen booster and laser fractional treatment.  

Conclusions: exosomes are on the horizon as an exciting adjuvant therapeutic approach for laser application in aging skin management. 
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gy and aesthetics has significantly increased in the past few years 
[2]. Exosomes, which are the tiniest extracellular vesicles and 
range in size from 30 to 110 nm, play a major role in the phases 
of wound healing and regeneration of the skin by encapsulating 
proteins, lipids, mRNA, and miRNA within a lipid bilayer that is 
generated from the cell membrane. In this way they are responsi-
ble for extensive intercellular communication in the form of these 
cellular components [3]. Exosomes facilitate the communication 
between skin cells and fibroblast function, enhance collagen and 
elastin synthesis, and increase dermal fat, thus promoting the re-
generative and restorative capacity for skin anti-aging. These re-
sults improved skin texture and a reduction in the appearance of 
wrinkles and fine lines. Exosomes also play a role in elastin pro-
duction; this elastic property is essential for maintaining a youth-
ful and firm skin appearance [4]. Additionally, as an alternative to 
cell-free therapy, exosomes have several advantages over stem cell 
transplantation, including stability, low toxicity, biocompatibility, 
immune rejection and tumorigenesis risk avoidance, and skilled 
exchange of molecular goods, making them an ideal candidate 
for tissue engineering and regenerative medicine [5-8].  Particu-
larly, it is known that milk exosomes are nature’s abundant drug 
delivery carriers, and these exosomes exhibit superior stability, 
biocompatibility, half-life, and very low immunogenicity [9]. Since 
exosome treatment is relatively new, the majority of the research 
demonstrating its effectiveness has been carried out in animal 
and cell models of disease [10], emphasizing the need for addi-
tional clinical trials to evaluate its safety and efficacy in humans. 
Another crucial point regarding exosomes therapy in the aesthetic 
field, is that in the United States exosomes may only be topical-
ly applied and not injected into the skin, as is permitted in many 
countries worldwide [11]. For this reason, exosome therapy is 
combined with techniques such as microneedling, radiofrequency 
and laser to reach the deeper layers of the skin and as a proce-
dure for promote faster skin repair. Indeed, it was demonstrated 
that the application of exosomes directly after skin rejuvenation 
treatments like fractional laser, microneedling, radiofrequency 
micro-needling, and microdermabrasion aids in the healing pro-
cess helping to mitigate symptoms associated with these proce-
dures, including erythema, edema, and discomfort [12,13]. Among 
these techniques, the fractional CO2 laser treatment is a popular 
and effective skin rejuvenation treatment with minimal downtime 
and side effects. This technology is able to create very thin and 
spaced columns of thermal damage (DOTs) surrounded by healthy 
tissue, which allows faster healing than traditional ablative resur-
facing with the same source [14].  Based on existing literature, we 
present a collection of preclinical data focused on the evaluation 
of the efficacy of a skin collagen booster (Exolight, DEKA M.E.L.A 
Srl, Florence, Italy) contained exosomes and other products (e.g 
vitamins, Hyaluronic acid, Glycerin, Amminoacids) as an adjuvant 
therapy after application of a recent CO2 laser fractional treatment 
for skin aging management. Primarily the purpose of this study. 

was to evaluate the delivery of the collagen skin booster through 
the micro-channels generated by the CO2 laser at different param-
eters in order to verify a possible benefit in the healing and in-
flammatory process by monitoring with OCT analysis the vascular 
network and through photographic assessment the full expulsion 
of fibrin plugs of skin for 18 days following treatment.

Materials and Methods

A total of 20 skin test were performed on the anterior portion 
of the forearm of a healthy adult, using 5 different energies 
for DOT values and two different CO2 scanners allowing for the 
creation of micro-ablation areas of different sizes. In particular, 10 
skin tests were performed with CO2 fractional laser treatment only 
and other 10 skin samples with CO2 fractional laser treatment and 
subsequent application of the skin collagen booster. These tests 
were planned to evaluate the response in terms of ablation depth 
and vehicularity of the product to maximize the effects of the 
synergy between the laser and the collagen booster.  Maintaining 
the spacing (distance between DOTs) at 500 µm, the following 
energies/DOT were set: 15 mJ, 20 mJ, 25 mJ, 40 mJ and 50 mJ. The 
first series of 5 skin tests were carried out irradiating the skin with 
CO2 laser (SmartXide Tetra PRO, DEKA M.E.L.A Srl, Florence, Italy) 
equipped with this dedicated scanner system (DOT PRO scanner, 
DEKA M.E.L.A, Florence, Italy) [14]. The second series of 5 skin 
tests were carried out irradiating the skin with CO2 laser (same 
CO2 scanner and same energy for DOT values) combined with skin 
collagen booster (Exolight, DEKA M.E.L.A Srl, Florence, Italy). The 
third series of 5 skin tests were performed irradiating the skin 
with CO2 laser equipped with SCAR3 PRO scanner (DEKA M.E.L.A, 
Florence, Italy). The fourth series of 5 skin tests were carried out 
irradiating the skin with CO2 laser equipped with SCAR3 PRO 
scanner (same CO2 scanner and same energy for DOT values) 
combined with skin collagen booster. As mentioned before, these 
scanners create microthermal zones of ablation and coagulation 
(DOTs), separated from healthy tissue by a spacing parameter 
(Spacing) and they can be equipped with a contact sensor to 
ensure greater safety during treatment. Specifically, the SCAR3 
PRO scanner has a smaller spot size and a greater ablation depth 
than the other scanner. In particular, the DOT PRO scanner has an 
optical spot size of approximately 290 µm while that of the SCAR3 
PRO scanner is approximately 210 µm [15].  Tests were carried out 
with both scanners to monitor possible clinical differences due 
to the different spot sizes and different penetration depths. The 
vascularisation of areas treated with CO2 laser alone or with CO2 
laser and skin collagen booster was analysed by Optical Coherence 
Tomography (OCT) analysis for a short follow-up: immediately 
after treatment (T0), 4 hours after treatment (T1), 1 day after 
treatment (T2) and 7 days after treatment (T3).

This analysis allowed to obtain images of the vascular network 
at different depths, which were analysed with ImageJ software to 
obtain quantitative and easily comparable results.
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Since the forearm skin was monitored until the complete 
expulsion of fibrin plugs, the outcomes for each set of skin tests 
were photographically documented over several days to over two 
weeks. In summary, the speed of the skin healing process after 

the different types of treatment was monitored by observing the 
vascular network for a short follow-up and the exfoliation process 
of the crusts for longer follow-up. (Figure 1)

Figure 1:  Study evaluation Timelines.

A written informed consent was obtained by subjects involved in this study. 

Figure 2: OCT images of vascular network of frontal plane of areas treated with CO2 laser alone(A-E; M-Q) and with CO2 laser and skin 
collagen booster (F-L;R-V) with minimum (left panel) and maximum energies for DOT (right panel) at different follow-ups: before (A;F;M;R); 
immediately after treatment (B;G;N;S);  4 hours after treatment (C;H;O;T), 1 day after treatment (D;I;P;U) and 7 days after treatment 
(E;L;Q;V).
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Figure 3: OCT images of vascular network at 300 µm of depth of areas treated with CO2 laser alone (A-E; M-Q) and with CO2 laser and 
skin collagen booster (F-L;R-V) with minimum (top panel) and maximum (bottom panel) energies for DOT at different follow-ups: before 
(A;F;M;R); immediately after treatment (B;G;N;S);  4 hours after treatment (C;H;O;T), 1 day after treatment (D;I;P;U) and 7 days after 
treatment (E;L;Q;V).

Figure 4: OCT images of 3D vascular network of area treated with CO2 laser alone (A-E; M-Q ) and with CO2 laser and skin collagen booster 
(F-L; R-V) with minimum (top panel) and maximum (bottom panel) energies for DOT at different follow-ups: before (A;F;M;R); immediately 
after treatment (B;G;N;S);  4 hours after treatment (C;H;O;T), 1 day after treatment (D;I;P;U) and 7 days after treatment (E;L;Q;V).
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Results

From the OCT analysis, it was possible to extrapolate 
frontal plane (Figure 2), transverse plane (Figures 3) and 3D 
reconstructions (Figures 4) of the vascular component of the 
treated areas. For all energies used, an increase in the vascular 
component can be seen in both types of treatment, which 
resolves almost completely at 7-day follow-up. However, making 
a comparative analysis between the two treatments, it can be seen 
that the areas treated with the CO2 laser and the skin collagen 
booster show a reduced vascularisation compared to that obtained 
with CO2 laser alone, thus highlighting the soothing action of the 
skin collagen booster on the post-laser inflammation. 

From the OCT images it was possible to extrapolate quantitative 
data that confirmed the qualitative data shown previously. In the 
graph (Figure 5), in fact, the trend of the vascular component 
at the various follow-ups for the two types of treatment is 
shown and the difference between the two is evident, especially 
immediately after, 4 hours after and 1 day after treatment. The 

photographic documentation for CO2 laser protocol with DOT 
PRO scanner and 50 mJ of energy for DOT (Figure 6) revealed 
that the combination of CO2 laser with skin collagen booster-
containing exosomes accelerates crust expulsion as compared to 
CO2 treatment alone. Furthermore, post-treatment redness and 
dryness also tended to be milder on sides treated with CO2 laser 
combined with skin collagen booster compared to sides treated 
with CO2 laser alone. These preclinical data are confirmed by the 
quantitative assessment of the percentage of crust disappearance 
as shown in the Figure 7. Additionally, the skin healing time was 
monitored in relation with energy for DOT for both CO2 scanners 
(DOT PRO AND SCAR 3 PRO scanner) as represented in Figure 8 
showing a greater acceleration of skin healing process with the 
synergy between skin collagen booster and SCAR 3 PRO fractional 
treatment. Furthermore, calculating the percentage difference in 
the days needed for complete expulsion of fibrin plugs between 
the two types of treatment and at different energies for DOT, gives 
a maximum percentage difference of approximately 23%. 

Figure 5: Graph showing mean and standard deviation of vascular network at different follow-ups: before (T0), immediately after treatment 
(T1), 4 hours after treatment (T2), 1 day after treatment (T3) and 7 days after treatment (T4).

Figure 6: Photographic documentation of skin healing process before and up to 12 days follow up (FU) with CO2 laser combined with skin 
collagen booster-containing exosomes (L+E) and with CO2 laser alone (L) with an energy for DOT of 50 mJ and with the use of DOT PRO 
scanner. 
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Figure 7: Graphical illustration showing the percentage of crusts expulsed up to 18 days with CO2 laser combined with skin collagen booster-
containing exosomes (blue line) and CO2 laser alone (orange line) for and energy for DOT of 50 mJ and the use of DOT PRO scanner. 

Figure 8: Graphical illustration showing the difference healing process (expressed in days) between CO2 laser alone and combination of 
CO2 laser and collagen booster for two different scanners and at different energies for DOT. The trend lines between the two scanners show 
that the healing process with the SCAR3 PRO scanner is faster than that achieved with the DOT PRO Scanner. This is even more evident 
at high energy for DOT values.

Discussion

Skin regeneration is one of the fields where exosomes have 
demonstrated their efficacy [2]. Preclinical studies have shown that 
exosomes promote wound healing in vitro, and they can represent 
a therapeutic avenue for hair growth and regeneration [16-19]. 
The recent study of Li et al. highlights the significant clinical 
promise of stem cells and their derivatives, including exosomes 
and noncoding RNAs, in rejuvenating aging skin and mitigating 

the effects of photoaging [20]. Furthermore, existing literature 
reported promising results on the efficacy of the combined 
application of exosomes and CO2 laser for skin remodelling [21]. 
In this regard, our preclinical qualitative and quantitative data 
showed that the combined treatment of exosomes and CO2 laser 
afforded more favourable responses and a shorter skin recovery 
time. Therefore, co-treatment with this novel material with CO2 
resurfacing device may provide synergistic effects on both efficacy 
and safety for skin resurfacing treatments. These promising results 
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were further validated by using OCT system which represents a 
promise real-time imaging technology of skin microstructure that 
offers subsurface images of the microstructure of the skin with 
a significantly higher resolution compared to that of magnetic 
resonance imaging (MRI) or high frequency ultrasound [22]. 
Indeed, OCT is used as a significant tool in pre- and post-treatment 
decision-making to determine the appropriate laser therapy 
parameters. Specifically, in our study the selected parameters are 
those that are typically used for skin rejuvenation treatments. 

This laser scanning technology that provides images of the 
vascular network obtained at different depths, has shown an 
increase in the vascular component for all energies used, in both 
types of treatment, which resolves almost completely at the 
7-day follow-up. However, it can be noted that the areas treated 
with the CO2 laser and the skin collagen booster show a reduced 
vascularization compared to that obtained with the CO2 laser 
alone, thus highlighting the soothing action of the skin collagen 
booster on post-laser inflammation.

These pre-clinical tests were conducted on the anterior 
portion of the forearm (areas with fewer hair follicles) which, 
being a peripheral area of human body, has a slower healing 
process in comparison to the face area. We specifically selected 
this anatomical site since it allows us to better monitor this 
process. Considering the pre-clinical data published by Scarcella 
et al. [15] and the percentage difference obtained with our data, 
we can assume a decrease in healing time from 9-5 days (CO2 
laser only) to 7- 4 days (CO2 laser and skin collagen booster) for 
facial treatments. In summary, as the energy increases, the depth 
of penetration of the CO2 laser increases, which allows the active 
ingredients necessary for tissue repair to be brought directly 
into our skin and, therefore, to speed up the healing process. The 
next step will be to collect clinical data in order to support our 
preclinical investigation, by comparing these different forms of 
treatment (also combining exosomes with other types of lasers) 
and monitoring the results for a longer follow up.

Conclusion

In conclusion exosomes are on the horizon as an exciting 
adjuvant therapeutic approach (or future pharmaceutical drug 
delivery vehicle) for laser application in aging skin management. 
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