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ORIGINAL ARTICLE
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Background: Fractional laser resurfacing treatment has been 
extensively investigated and is widely used. However, the 
mechanism underlying its effects is poorly understood be-
cause of the ethical and cosmetic problems of obtaining skin 
biopsies required to study the changes after laser treatment. 
Objective: To evaluate the usefulness of human skin explants 
for the investigation of fractional photothermolysis. 
Methods: Full-thickness discarded skin was treated in 4 
ways: no treatment (control), fractional carbon dioxide laser, 
fractional Er:YAG laser, and fractional 1,550-nm erbi-
um-doped fiber laser. Both treated and non-treated skin sam-
ples were cultured ex vivo at the air-medium interface for 7 
days. Frozen tissue was sectioned and stained with hematox-
ylin & eosin for histologic examination and nitro blue tetra-
zolium chloride for viability testing. Results: Skin explants 
cultured for up to 3 days exhibited histologic changes similar 
to those observed in in vivo studies, including microscopic 
treatment zones surrounded by a thermal coagulation zone, 
re-epithelialization, and formation of microscopic epidermal 
necrotic debris. However, the explant structure lost its origi-
nal form within 7 days of culture. The viability of skin ex-
plants was maintained for 3 days of culture but was also lost 
within 7 days. Conclusion: The skin explant model may be 
a useful tool for investigating the immediate or early changes 

following fractional photothermolysis, but further improve-
ments are required to evaluate the long-term and dermal 
changes. (Ann Dermatol 27(3) 283∼290, 2015)
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INTRODUCTION

Although fractional laser resurfacing treatment (FR) is 
widely used in dermatology clinics, data on the mecha-
nisms underlying the resultant tissue changes in human 
skin are sparse. Investigating the molecular changes in the 
laser wound-healing process requires multiple serial skin 
biopsies to obtain tissue samples at various times. Howev-
er, this has serious ethical and cosmetic problems, hinder-
ing investigations.
To overcome these problems, various skin models have 
been developed and used as substitutes for human skin. 
An in vivo animal model using pig skin has been used in 
some previous studies1,2, but porcine skin differs from hu-
man skin histologically and physiologically, including 
thickness, vascularity, and pH3. In addition, recent in-
creases in the awareness of animal welfare and legal issues 
have raised the need for alternatives to animal models4. 
Accordingly, two-dimensional monocellular or co-culture 
systems are relatively inexpensive and uncomplicated 
methods but do not include a sufficient number of cell 
types and reproduce the three-dimensional histologic 
structure of skin. Meanwhile, reconstructed skin models 
have the basic three-dimensional structure of skin but do 
not usually include skin appendages and all of the cell 
types found in skin5. The skin explant model, which uti-
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Fig. 1. Ex vivo organ culture of skin explants. Method (A): culture 
method in which the sample is incubated in medium with the 
apical epithelial surface up at the air-medium interface. Method 
(B): culture method using Transwell chambers and microporous 
inserts filled with 3% agarose.

lizes ex vivo skin organ culture, is designed to overcome 
these problems. Explants are small samples of tissue ob-
tained during surgical procedures that are cultured with 
adequate media under various conditions5,6. Although tis-
sue explants cannot completely reproduce in vivo con-
ditions because of a lack of intact nervous and vascular tis-
sues, they are useful nonetheless. Tumor explants have 
been used for anti-cancer drug screening7. Skin explants 
have been used to investigate normal growth and differ-
entiation as well as study the effects of pharmacologic 
agents that modulate skin growth and differentiation in 
vivo8. Skin explants have recently been utilized in various 
areas in dermatologic research, including immunology, 
microbiology, and dermal sensation9-11.
Skin explants allow data from human tissue to be obtained 
while avoiding unnecessary and invasive skin biopsies. 
Therefore, they have great potential in dermatologic re-
search, particularly for studies focusing on the ex-
tracellular matrix, the three-dimensional structure of skin, 
transdermal drug delivery, and interactions between differ-
ent types of cutaneous cells5. Accordingly, the present 
study evaluated the usefulness of skin explants in the in-
vestigation of fractional photothermolysis.

MATERIALS AND METHODS

Full-thickness discarded skin was obtained from four 
women 30∼50 years old after abdominoplasty at the 
Asan Medical Center. Informed patient consent and in-
stitutional approval were obtained. The whole-skin sam-
ples were treated in 4 ways: no treatment (control), frac-
tional nonablative laser treatment (NAFR) with a 1,550-nm 
erbium-doped fiber laser, fractional Er:YAG laser treat-
ment (Er:YAG FR), or fractional carbon dioxide laser treat-
ment (CO2 FR). NAFR was conducted with Fraxel SR 1500 
laser (Reliant Technologies, Mountain View, CA, USA) set at 
20 mJ per microscopic thermal zone (MTZ). Er:YAG FR was 
performed using an AVVIO laser (WONTECH Co., Ltd., 
Daejeon, Korea) with a pulse energy of 27 mJ per 
microbeam. A COFRAX laser (AMT Engineering, Seongnam, 
Korea) was used for CO2 FR, with a pulse energy of 91 mJ 
per MTZ. The energy levels were determined on the basis 
of normal parameters in clinical settings and the avail-
ability of previous human in vivo histologic data12-15.
The skin samples were sterilized in 70% (v/v) ethanol, and 
subcutaneous fat was removed. The samples were then 
cut into pieces using a 5-mm punch. The specimens of 
each treatment group were cultured in 2 ways (Fig. 1): (A) 
incubated in RPMI 1640 medium (Cellgro, Manassas, VA, 
USA) containing 10% type AB Human Serum (GemCell, 
West Sacramento, CA, USA), 100 U/ml penicillin, and 

streptomycin sulfate 100 μg/ml (H10 media); oriented 
with the apical epithelial surface up; and maintained at 
the air-medium interface (Fig. 1A)16; and (B) oriented with 
the apical epithelial surface up in 24-well Transwell per-
meable supports (6.5-mm wells with 8.0 μm pore poly-
carbonate membrane inserts, Transwell CLS3422; Costar/ 
Corning Corp., Corning, NY, USA). In the method (B), 
agarose (3%) in RPMI 1640 medium was heated in a mi-
crowave and placed around the tissue to seal its edges as 
described previously17. The polarized tissue explants were 
cultured in the same media as the method (A) with 0.2 ml 
medium added in the insert and 1 ml medium/well in 
24-well plates (Fig. 1B). The tissues were incubated in a 5% 
CO2 atmosphere at 37oC for 7 days; the culture medium 
was changed every other day. On days 0, 1, 3, and day 7, 
tissue from each culture was frozen, sectioned, and stained 
with hematoxylin & eosin for histologic examination. To 
evaluate tissue viability, nitro blue tetrazolium chloride 
staining was also performed as described previously18.
The dimensions of microscopic wounds were compared 
with the data measured in previous human in vivo studies 
by using Student t-test. R version 2.15.3 (The R Founda-
tion for Statistical Computing, Vienna, Austria) was used 
for all statistical analyses, and the level of significance was 
set at p＜0.05.

RESULTS

The histologic appearance and structure of untreated fro-
zen tissues were similar to those of human skin (Fig. 2, 3). 
Until 3 days of ex vivo culture, the epidermis of skin ex-
plants showed acceptable maintenance of intact structures. 
However, after 7 days of culture, the histologic features of 
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Fig. 2. Histologic appearance of human skin explants cultured using culture method (A) (H&E, ×100). NAFR: fractional nonablative 
laser treatment, Er:YAG FR: fractional Er:YAG laser treatment, CO2 FR: fractional carbon dioxide laser treatment.

the epidermis showed marked spongiosis-like changes and 
overt detachment of the spinous layer. In the dermis, there 
were various degrees of degeneration of collagen fibers af-
ter 0, 1, 3, and 7 days. There were no significant differ-
ences in the degenerative changes of the epidermis and 
dermis between the skin explants cultured by methods (A) 
and (B). In addition, nitro blue tetrazolium chloride stain-
ing showed that the skin explants were viable until day 3, 
but viability was lost after 7 days of culture (Fig. 4, 5). Skin 
explant viability did not differ between culture methods.
The explants that received NAFR exhibited multiple col-
umns of denaturation in the epidermis and dermis, dis-
ruption of the dermo-epidermal junction, and subepider-
mal clefting within the MTZ. The stratum corneum and 
surrounding tissue appeared intact. The mean±standard 
deviation depth and width of MTZs were 611±121 and 
170±26 μm, respectively, which are comparable to the 
results measured in a human in vivo study (both p＞
0.05)12. The skin explants treated with Er:YAG FR ex-

hibited a microscopic ablation zone with a minimal coag-
ulation zone. The depth and width of ablation zones were 
71±30 and 314±47 μm, respectively, which are similar 
to the corresponding results provided by the manufacturer 
(80 and 350 μm, respectively; both p＞0.05). The histo-
logic examination of frozen tissues treated with CO2 FR al-
so revealed MTZs surrounded by a thermal coagulation 
zone. The depth of ablation zones and thickness of coagu-
lated zones were 316±43 and 55±11 μm, respectively, 
which approximated the expected values from a human in 
vivo study (286 and 44 μm, respectively; both p＞
0.05)13.
Three days after NAFR, the cultured skin explants ex-
hibited epidermal re-epithelialization and necrotic debris 
in the treated area reminiscent of microscopic epidermal 
necrotic debris (MEND) formed in vivo after NAFR. The 
Er:YAG FR-treated skin explants also exhibited re-epitheli-
alization and MEND-like materials on day 3. In contrast, 
the re-epithelialization of CO2 FR-treated skin explants be-
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Fig. 3. Histologic appearance of human skin explants cultured using culture method (B) (H&E, ×100). NAFR: fractional nonablative 
laser treatment, Er:YAG FR: fractional Er:YAG laser treatment, CO2 FR: fractional carbon dioxide laser treatment.

came prominent 7 days after treatment.
In all explants treated with NAFR, Er:YAG FR, or CO2 FR, 
the re-epithelialized epidermis was thinner than the sur-
rounding untreated epidermis. There was also no evident 
invagination of epithelial cells in laser-treated zones. In 
addition, no complete extrusion of MEND or collagen re-
modeling was observed in any explant until day 7. The 
overall histologic features and viability of skin explants 
treated with each laser did not differ significantly between 
culture methods.

DISCUSSION

Skin explants can be maintained entirely immersed in me-
dium for short-term culture. For long-term culture, the ex-
plant is usually exposed at the air-liquid interface. Air ex-
posure better maintains the structural integrity of the skin 
and allows complete epidermal differentiation5. Direct 
contact with the liquid medium might also promote tissue 

edema and maceration, resulting in epidermal spongiosis 
and dermo-epidermal separation. Several techniques are 
used for culture at the air-liquid interface. Trowell et al. 
placed explants on lens paper with the epidermal side up-
ward at the air-liquid interface; the lens paper was placed 
on a stainless steel grid bathed in the culture medium, and 
the explants were nourished by diffusion through the lens 
paper5. However, this method cannot fix the explant 
position. Meanwhile, Companjen et al.6 used a Transwell 
filter with a 2-mm hole into which the biopsy tissues were 
inserted. In this method, the explant position can be fixed, 
but the level of the liquid media must be carefully 
adjusted. Collins et al.17 cultured human cervical tissue 
explants in Transwell chambers in which the tissue was 
surrounded with 3% agarose. This helps fix the explant 
position and prevent direct contact between the tissue and 
liquid media. However, the Collins method, which was 
adapted for culture method (B) in the present study, did 
not result in better maintenance of the structural integrity 
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Fig. 4. Viability of human skin explants cultured using culture method (A) (nitro blue tetrazolium chloride, ×100). NAFR: fractional 
nonablative laser treatment, Er:YAG FR: fractional Er:YAG laser treatment, CO2 FR: fractional carbon dioxide laser treatment.

of the skin. This may be due to the relatively small size of 
the explants exposed a larger surface area to the environ-
ment, which causes tissue damage. Thus, for longer main-
tenance, it may be helpful to culture larger pieces of tissue 
at the air-medium interface using 6-well plates with cell 
strainers as described previously19,20.
In the present study, 10% human serum was added to 
RPMI 1640 media. High concentrations of extracellular 
Ca2＋ (e.g., 1.4 mM) are important for maintaining the struc-
tural cohesion of the tissue through stimulation of ex-
tracellular matrix production and epidermal differentiation5. 
Although the addition of serum to a culture medium is not 
recommended because of the problem of reproducibility, 
it might supply some growth factors along with ex-
tracellular Ca2＋ and thus improve outcomes. The opti-
mum temperature for skin explant culture is not well stud-
ied5. Although some authors recommend temperatures 
from 31oC∼32oC, which correspond to average skin sur-
face temperatures, 37oC is regarded as the standard for tis-

sue and cell culture5,21.
The CO2 FR induced noncontiguous columns of thermal 
injury in the dermis, resulting in the formation of MTZs 
surrounded by uninjured tissue. The low incidence of side 
effects with this treatment may be attributable to the spa-
tial separation of areas of thermal damage characteristic of 
FR, resulting in rapid healing and a shorter duration of 
post-operative erythema. CO2 FR induces excellent skin 
collagen remodeling with low risks of scarring and post-
inflammatory hyperpigmentation, and result in rapid pa-
tient recovery22,23. This is likely related not only to the 
ablation of epidermal and superficial dermal tissue and 
subsequent healing, but also to thermal energy diffusion, a 
process known as “residual thermal damage24,25.” Brief ex-
posure to high energy results in tissue ablation that is suffi-
ciently rapid to limit extracutaneous dermal injury26. 
Dermal heating results in the dissolution of hydrogen 
bonds within the triple-helical structure of collagen fibrils 
and subsequent generation of a random coil configuration; 
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Fig. 5. Viability of human skin explants cultured using culture method (B) (nitro blue tetrazolium chloride, ×100). NAFR: fractional 
nonablative laser treatment, Er:YAG FR: fractional Er:YAG laser treatment, CO2 FR: fractional carbon dioxide laser treatment.

this process is known as denaturation. Initial collagen 
shrinkage is primarily due to collagen denaturation occur-
ring in the coagulation zone27. Once sufficient numbers of 
collagen fibrils are affected, immediate collagen shrinkage 
occurs28-30. This is thought to provide a more compact 
template for new collagen deposition in response to 
wound formation. This neocollagenesis is thought to parti-
ally account for long-term improvement in skin tightness 
and rhytides. The extent of neocollagenesis, which is in-
dicative of clinical efficacy, is proportional to the degree 
of thermal damage31,32.
The precise action mechanisms of the instruments used in 
the present study and the laser-tissue interaction process 
in humans have not been sufficiently investigated, mainly 
because such studies require human skin biopsies, which 
pose cosmetic and ethical problems. Although experi-
ments using animal skin including pig skin may produce 
results similar to those of human studies, not all results 
can be extrapolated to humans. In addition, the early mo-

lecular changes seem to be important in the development 
of FR effects. Therefore, the present study evaluated the 
usefulness of a human skin explant model. Skin explants 
cannot usually be maintained for a prolonged period as in-
dicated by the degenerative histologic changes observed 
in this study. However, in the early stages, the skin ex-
plant model may reflect both the morphologic and func-
tional aspects of the human in vivo reaction to FR.
In vivo human studies indicate CO2 FR produces an MTZ 
surrounded by a thermal coagulation zone immediately af-
ter treatment. On day 1 after treatment, re-epithelialization 
is completed and MEND formation is observed. After 2∼
5 days, the epithelial cells proliferate and invaginate into 
the coagulation zones. The complete extrusion of MEND 
and collagen remodeling cannot be observed within 7 
days13,33. Er:YAG FR also produces microscopic ablation 
zones but much smaller coagulation zones. Re-epitheliali-
zation is completed within 12 hours. After 2 weeks, colla-
gen remodeling can be observed34-36. NAFR produces de-
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natured columns of epidermis and dermis, and disrupts 
the dermo-epidermal junction. However, the stratum cor-
neum remains intact. Re-epithelialization is completed 
within 1 day. MEND is observed after 1 day and is nearly 
completely extruded by 1 week37. In the present study, cul-
tured skin explants exhibited similar findings with respect to 
MTZs or microscopic ablation zones, coagulation zones, 
MEND formation, and re-epithelialization. However, the 
time required for re-epithelialization was longer and the 
thickness of the newly formed epidermis was thinner than 
those observed in vivo. In addition, MEND formation was 
less prominent, and there was no invagination of epi-
thelial cells in the skin explants. Hence, these findings 
suggest the proliferation and differentiation of epidermal 
cells in skin explants may be inferior to those in vivo. In 
addition, fractional laser therapy induces inflammatory 
cell infiltration, which was not observed in the skin ex-
plants on histologic examination. However, the overall 
features of the wound-related changes were similar to 
those occurring in vivo, particularly in the early phase.
In summary, the human skin explant model described 
herein may be a useful method for investigating the imme-
diate or early changes after fractional photothermolysis 
while avoiding the ethical problems of using human skin 
and differences in the responses between human and ex-
perimental animals. However, this model does not seem 
useful for evaluating long-term changes, because explants 
were not sustained for more than 3 days. In addition to the 
short survival of explants, the degenerative changes of der-
mal collagen make it difficult to observe the dermal reju-
venation process, which underlies the main effect of frac-
tional lasers.
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