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  Introduction 

 Minimally ablative fractional laser devices have gained 

success as a preferential method for skin resurfacing. 

Notable improvements in facial wrinkles, photodamage, 

acne scarring and skin laxity have been reported (1,2). 

 The fractional resurfacing induces numerous 

microscopic thermal injury zones of controlled width, 

depth, and density that are surrounded by a reservoir 

of spared epidermal and dermal tissues, allowing 

rapid repair of laser-induced thermal injury (3). 

While the wound repair after surgery is a well-

defi ned process characterized by an infl ammatory 

reaction, a tissue restoration, and a tissue remodelling 

in which cells and soluble factors play well-defi ned 

roles (4), the wound repair after ablative resurfacing 

CO 
2
  laser is not yet a fully known process. 

 It has already been proved in an in vitro 

model on cell line fi broblasts obtained from 

facial skin samples after superpulsed CO 
2
  laser, 

that the secretion of growth factors, in particular 

trasforming-growth-factor-beta1 (TGF β 1) and basic 

fi broblast growth factor (bFGF) (5), represent 

important steps for a correct re-epithelization. bFGF 

inhibits collagen production and promotes organized 

collagen bundles. TGF  β 1 stimulates matrix proteins 

(such as collagens), inhibits protease production and 

enhances mitogenesis. Consequently, it increases 

fi broblast collagen deposition, which potentially 

leads to the formation of dense scarring. 

 Moreover, apoptosis, a ubiquitous way of cell 

death in both physiological and pathological condi-

tions, is involved in the removal of infl ammatory 

cells and in the evolution of granulation tissue into 

the scar tissue during skin wound healing (6). 

It is characterized by a number of well- recognized 

cytological and biochemical changes including: 

nuclear condensation, activation of caspase cysteine 

proteinases, DNA fragmentation at regular intervals 

resulting in DNA laddering, cell shrinkage, and 

membrane blebbing (7). 
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  Abstract 

  Introduction:  Fractional CO 
2 
-laser is considered a preferential method for skin resurfacing, but little is known about the 

molecular mechanisms underlying this surgical tool. In the present study, we investigated the possible role of apoptosis by 

the sequential analysis of lesional skin after laser treatment, with special attention to power. Moreover, we have analyzed 

if there is a correlation with clinical improvement.  Materials and methods:  We evaluated the effects of fractional CO 
2 
-laser 

in twelve patients with photodamage skin Fitzpatrick types I to III. Apoptosis markers were assessed by an immunohisto-

chemical study on skin samples of foream at 24 h, 72 h and 7 days after the irradiation with 15 W or 20 W. Moreover, 

clinical improvement was assessed by iconography.  Results:  Fractional CO 
2 
-laser induced an infl ammatory repair process 

mediated by activation of apoptotic pathway that was completed in 7 days. The expression of proapototic markers, as 

annexin-VII and Caspases-9 was increased 24 – 72 hours after irradiation and decreased after 7 days. While the expression 

of the anti-apototic marker Bcl-2 increased progressively during 7 days after treatment.  Conclusion:  Our study suggests that 

the skin ’ s appearance may be enhanced by creating skin changes through apoptosis. Apoptosis, one of the major mechanisms 

of cell death, might play a key role in initiating the paracrine cascades that lead to cell proliferation.  
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 In a previous study, we have documented the 

relevance of the secretory pathway of cytokines 

normally implicated in the early and late phases of 

wound repair after CO 
2
  fractional laser (8). 

 In the present study, we investigated the possible 

role of apoptosis by the sequential analysis of lesional 

skin after fractional CO 
2 
 laser treatment, with special 

attention to power of the laser.   

 Materials and methods 

 The study included twelve healthy Caucasian female 

volunteers aged between 50 and 60 with a photo-

damaged skin. After approval of the study protocol 

by the local ethics committee, written informed con-

sent was obtained from each patient. 

 A punch biopsy of 4 mm was taken 24 h, 72 h and 

7 days after the CO 
2
  fractional laser irradiation with 

three different CO 
2
  laser power: 15 watt and 20 watt. 

The patients were divided into two groups (A and B) 

based on potency applied: 15 watt (group A, 6 patients) 

and 20 watt (group B, 6 patients) while maintaining 

constant dwell time (1000  µ sec) and spacing between 

the columns of light (500  µ ) (Figure 1). The shape of 

the delivered energy irradiation with the scanner was 

a square-shaped stamp (15    �    15 mm). In addition, 

clinical photographic documentation was carried out 

at baseline and repeated after 7 days, 30 days, and one 

year. The pictures were taken using a digital system 

(Anthology, DEKA M.E.L.A, Florence) and stan-

dardized using the same camera, the same shooting 

setting, a twin-fl ash, the same ambient light, and a 

chin-holder to achieve the same distance. 

 The clinical treatment protocol consisted of 2 – 4 

sessions at 4-week intervals and the areas treated 

were the upper lip and the peri-orbital area. All treat-

ments were performed with a fl exible optical fi bre-

based CO 
2
  laser equipped with a scanner specially 

developed for fractional skin resurfacing (Smartxide 

Dot, DEKA, M.E.L.A., Florence). 

 We investigated the infl uence of different energies 

(15 watt, 20 watt,) on the expression of apoptotic 

marker: Caspasis 9, Annexin VII and Bcl-2.  

 Immunohistochemistry 

 Immunohistochemical staining using an alkaline 

phosphatase-anti-alkaline phosphatase (APAAP) 

method was performed to determine the expression 

of all the markers listed in Table I Biopsies were 

frozen at �80 ° C immediately after surgery; 6  µ m 

cryostat serial sections were cut and immediately 

fi xed with ice-cold acetone for 4 minutes. The 

sections were incubated with MoAb for 60 minutes 

at room temperature. After washing in 0.01 M 

phosphate-buffered saline (PBS), pH 7.4, for 

10 minutes, the sections were incubated for 40 minutes 

with rabbit anti-mouse immunoglobulin antiserum 

(RAM; DakoCytomation, Glostrup, Denmark), and 

then processed with APAAP complex (Dako Cyto-

mation) twice. Binding of the complex was revealed 

by hexazotized new fuchsine as chromogenic 

substrate (Merk, Darmstadt, Germany). The sec-

tions were then counterstained with Mayer ’ s hae-

matoxylin. Control sections were incubated with 

normal mouse IgG. 

 All sections were examined using a ZEISS 

microscope. Two investigators (FP and FR) read all 

tissue sections and the immunoreactivity recorded in 

the score (Table II). Discrepancies in the reading 

were resolved by a second parallel reading of the 

slides until consensus was reached. Absence of 

immuno-reactivity had a score of  “ 0 ” , scarce 

immunoreac tivity, a score of  “ 1 ” , intermediate immu-

noreactivity, a score of  “ 2 ” , and intense immunore-

activity, a score of  “ 3 ” .   

 Clinical evaluation 

 The clinical evaluation of effi cacy was performed 

by dividing the treatment results into fi ve 

groups: none, poor, fair, good and excellent 

improvement. The evaluations were performed 

individually for each of the following parameters: 

reduction of visible fi ne lines, improvements in 

skin texture, and clearance of irregular pigmen-

tation. The clinical outcomes were examined at 

7 days, 30 days, and 12 months after the treatment 

  Figure 1.      Study design schema.  

  Table I. Antibodies used in the study.  

 Antibody  Clone  Isotype  Dilution  Source 

Anti annexin-VII 203-217/6 Mouse IgG1 1:50 Sigma-Aldrich

Anti Bcl-2 Bcl-2-100 Mouse IgG1 1:50 Sigma-Aldrich

Anti caspases-9 LAP6 Mouse IgG1 1:50 R & D Systems

J 
C

o
sm

et
 L

as
er

 T
h
er

 D
o
w

n
lo

ad
ed

 f
ro

m
 i

n
fo

rm
ah

ea
lt

h
ca

re
.c

o
m

 b
y
 M

rs
 L

ar
a 

R
o
n
co

n
i 

o
n
 0

9
/1

2
/1

3
F

o
r 

p
er

so
n
al

 u
se

 o
n
ly

.



   Apoptosis in fractional CO 
2 
 laser    269

and were based on the comparison of the 

digital pictures.    

 Results 

 A total of 12 female patients 50 to 60 years of age, 

with clinically signifi cant photodamage of the skin, 

were enrolled in the study and provided forearm 

skin samples. Patients tolerated the treatment well 

without any need for anesthesia. The procedure 

resulted in initial  ‘  ‘ frosting ’  ’  of the treated skin, as 

expected. At initial follow-up visits, all patients were 

found to have erythema at the treatment sites that 

gradually resolved over the fi rst 1 – 2 weeks after the 

laser procedure. 

 Histologically, fractional CO 
2 
 laser treatment 

resulted in epidermal damage; consistent with epi-

dermal damage, we observed epidermal expression 

of markers of apoptosis.  

 Immunohistochemical results 

 By immunohistochemistry, we studied the effects of 

fractional CO 
2 
 laser treatment on apoptotic markers 

at varying pulse energies (15 and 20 W) at various 

time intervals (24 h, 72 h, 7 days) post-treatment. 

 Figure 2 (panel A) shows the expression and the 

localization of Caspases-9 (a), Annexin VII (b) and 

Bcl-2 (c) proteins after 15 W irradiation. An early 

increase (within 24 hours) was observed in the 

Annexin VII and Caspase-9 expression; the expres-

sion of the anti-apoptotic, heat-regulated molecule 

Bcl-2 remained unaltered at the same time point. At 

72 hours after irradiation the Caspase-9 and Annexin 

VII expression remained increased throughout the 

epidermis and nearby areas; expression of these mol-

ecules returned to baseline after 7 days. Interestingly, 

the expression of Bcl-2, an anti-apoptotic marker, 

increased, when the expression of the two pro-

apoptotic markers decreased. 

 After 20 W irradiation (Figure 2, panel B), no 

change in expression was found, except for a more 

strong expression of the protein in the dermis. 

 Table II shows the immunolabeling scores for 

each condition.   

 Clinical results 

 The clinical evaluation of effi cacy was performed 

7 days, 30 days and 12 months after the treatment, 

dividing the treatment results into fi ve groups: none, 

poor, fair, good and excellent improvement. The 

clinical outcomes were evaluated for each patient in 

relation to improvements in skin texture and fi ne 

lines, and in reduction of irregular pigmentation 

based on a comparison with pictures taken before 

treatment. 

 The six patients belonging to group A (treated at 

15 W) showed a rapid recovery time (2 – 4 days), a 

good reduction of visible fi ne lines, a good improve-

ment in the skin texture, and a fair clearance of 

irregular pigmentations (Figure 3). 

 The six patients belonging to group B (treated 

at 20 W) had a slightly longer healing time com-

pared to group A (3 – 5 days); more pain during each 

single treatment with the same clinical results at 

15 W (Figure 4).    

  Figure 2.      Representative immunohistochemistry  ( alkaline phosphatase-anti-alkaline phosphatase) stained skin sections of tissue 

harvested 24 hours, 72 hours and 1 week following delivery of 15 W (panel A) and 20 W (panel B) fractional CO 
2 
 laser irradiation 

(magnifi cation � 150) .   

  Table II. Immunolabeling scores.  

 Marker 

 24 h.  72 h.  7 d. 

 15W  20W  15 W  20W  15W  20W 

Anti annexin-VII 1 2 3 3 1 1

Anti caspases-9 1 2 3 3 1 1

Anti Bcl-2 1 1 2 3 3 3
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 Discussion 

 The aim of this study was to assess the response 

of skin to fractional CO 
2 
 laser in photorejuvena-

tion and to confi rm its effi cacy always reported 

in previous studies (2,9). 

 In a previous study, we had focused on the roles 

of cytokines and growth factors (such as FGF7, 

FGF10 and TGF β ) on tissue regeneration after 

laser injury. However, it is unclear which cell types 

and molecular mechanisms initiate these signaling 

cascades. In this study, we hypothesized that dying 

cells in the treated tissues send signals to stimulate 

the proliferation of stem or progenitor cells that 

start the process of tissue regeneration. As apop-

tosis, one of the major mechanisms of cell death 

plays a role in the healing mechanisms riepithe-

lization (10) we wanted to investigate if it could 

play a role also in the healing process after CO 
2 
 

treatment. 

 Apoptosis is characterized by specifi c biochemi-

cal and morphological features that culminate in the 

shrinkage of the cell to apoptotic bodies that are 

engulfed by neighboring macrophages. 

  Figure 3.      15 W treatment: a quick recovery time (2 – 4 days), a good reduction of visible fi ne lines, a good improvement in the skin texture 

and a fair clearance of irregular pigmentations.  

  Figure 4.      20 W treatment: a longer recovery time with a longer-lasting erythema, reduction of visible fi ne lines, a good improvement in 

skin texture and a fair clearance of irregular pigmentations.  
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 The fi rst microscopic evidence of injury is said to 

occur after 24 h. This fi nding is consistent with our 

observations, where staining for apoptotic markers 

(Caspases-9 and Annexin VII) were positive 24 hours 

after laser irradiation. 

 Caspases are a family of proteins containing a 

nucleophilic cysteine residue that participates in the 

cleavage of aspartic acid-containing motifs (11). To 

date, at least 11 (interleukin-1converting enzyme 

(ICE) and 10 family members) human caspase 

members have been identifi ed (12). Caspase-9 is 

a member of the initiator caspase group, and is 

generally thought to be responsible for initiating the 

caspase activation cascade during apoptosis. 

 The effect of fractional CO 
2 
 laser on apoptosis 

can also be modulated by the balance between pro 

and antiapoptotic proteins. Among the molecules 

that regulate apoptosis are several members of the 

inhibitor of apoptosis (IAP1) family, which prevent 

cell death by acting as endogenous suppressors of 

caspase activity (13). One of the most important 

regulators of this pathway is the Bcl- 2 family of pro-

teins. Bcl-2 family members act by regulating the 

effl ux of apoptogenic proteins from mitochondria 

(14). High levels of bcl-2 in a cell which lead to 

increased bcl-2 dimers are antiapoptotic (15). On the 

contrary, low bcl-2 levels and high bax levels resulting 

in bax dimers are proapoptotic (16). 

 We have shown that the level of caspases-9 and 

annexin VII proteins increase during the fi rst 72 h, 

confi rming that fractional CO 
2 
 laser initially induces 

proapoptotic events. Then, after 7 days, the proapop-

totic protein level decreases, whereas Bcl-2 has shown 

to prevent apoptosis. The balance between anti and 

proapoptotic proteins that determines survival or 

death, favors an inhibition of the apoptotic process, 

7 days after irradiation. Furthemore, the Bcl-2 

protein level can increase also immediately after 

fractional CO 
2 
 laser exposure. 

 Epidermal damage triggered by fractional 

CO 
2  

laser treatment activated a wound healing 

response. 

 The clinical outcomes were an excellent reduc-

tion in visible fi ne lines, a good improvement in skin 

texture, and a fair clearance of irregular pigmenta-

tion. The treatment with 20 W did not affect the 

results more specifi cally than with 15 W, as the pain 

upon treatment was more intense and erythema 

lasted for a longer period of time. Therefore, we are 

in favour of 15 W treatment. 

 Our results suggest that the skin ’ s appearance 

may be enhanced by creating skin changes 

through apoptosis. Apoptosis, one of the major 

mechanisms of cell death, might play a key role in 

inducing the paracrine cascades that lead to cell 

proliferation. 

  Declaration of interest:  The authors report no 

confl icts of interest. The authors alone are respon-

sible for the content and writing of the paper.               
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