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Harvesting large amounts of skin tissue for 
reconstruction has always been a chal-
lenge for surgeons.1 Skin expansion is a 

procedure that induces skin regeneration by the 
stretch provided by an inflating silicone expander 
buried underneath.2 Because regenerated skin 
has normal texture, structure, and appendages, it 
has been largely used for skin defect recovery.3–6 

	

Background: During skin expansion, subcutaneous adipose tissue undergoes 
the greatest change. The adipose layer appears to gradually thin or even disap-
pear in long-term expansion. The response and contribution of adipose tissue 
to skin expansion remain to be elucidated.
Methods: The authors established a novel expansion model by transplanting 
luciferase-transgenic adipose tissue into the rat dorsum, followed by integrated 
expansion, to trace the dynamic changes in subcutaneous adipose tissue during 
expansion and the migration of adipose tissue–derived cells. In vivo luminescent 
imaging was performed to continuously track the adipose tissue changes. Histologic 
analysis and immunohistochemical staining evaluated the regeneration and vascu-
larization of the expanded skin. Growth factor expression in expanded skin with or 
without adipose tissue was determined to evaluate the paracrine effect of adipose 
tissue. Adipose tissue–derived cells were traced in vitro by anti-luciferase staining, 
and their fate was determined by costaining for PDGFRα, DLK1, and CD31.
Results: In vivo bioimaging showed that cells in adipose tissue were alive during 
expansion. After expansion, the adipose tissue exhibited fibrotic-like structures, 
with more DLK1+ preadipocytes. Skin expanded with adipose tissue was signifi-
cantly thicker than that without adipose tissue, with more blood vessels and cell 
proliferation. Vascular endothelial growth factor, epidermal growth factor, and 
basic fibroblast growth factor expression was higher in adipose tissue than in 
skin, indicating paracrine support from adipose tissue. Luciferase-positive adi-
pose tissue-derived cells were observed in expanded skin, indicating direct par-
ticipation in skin regeneration.
Conclusion: Adipose tissue transplantation can effectively promote long-term 
skin expansion by contributing to vascularization and cell proliferation by 
means of various mechanisms.   (Plast. Reconstr. Surg. 153: 558e, 2024.)
Clinical Relevance Statement: The authors’ findings suggest that it would be bet-
ter if the expander pocket is dissected over the superficial fascia to preserve a layer 
of adipose tissue with skin. In addition, their findings support the treatment of fat 
grafting when expanded skin presents with thinning.
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However, there are many unknown mechanisms 
of tissue change during expansion. One of the 
most changed structures is the subcutaneous adi-
pose layer. The thinning of the adipose layer is the 
earliest presenting change during expansion.7–9 
In long-term expansion, the adipose layer may 
even disappear. Moreover, the thinned adipose 
layer is usually accompanied by deteriorated skin 
texture and impaired vascularization.10–12 The fate 
of adipose tissue under long-term expansion and 
how adipose tissue participates in expanding skin 
regeneration remain to be elucidated.

To date, there is no animal model that can 
trace the fate of subcutaneous adipose tissue dur-
ing expansion. The most commonly used model 
in which a tissue expander is buried underneath 
rodent dorsal skin is not suitable for studying the 
change in adipose tissue, as there is no subcuta-
neous adipose layer under rodent dorsal skin.13,14 
Other studies transplanted the inguinal fat pad to 
the dorsal area before expansion or directly bur-
ied the expander underneath the inguinal fat pad 
to achieve the simultaneous expansion of adipose 
tissue and skin.15 However, these models have lim-
itations in accurately tracing the migration and 
differentiation of cells from adipose tissue.

In this article, we report a new model using 
luciferase-transgenic (Luc-Tg) fat pad transplan-
tation that can stably trace the change in sub-
cutaneous fat tissue during expansion. In our 
protocol, we first transplanted the inguinal fat 
pad of Luc-Tg rats to the dorsal area of wild-type 
(WT) rats. After 4 weeks, the transplanted fat pad 
was stable, with an integral structure similar to 
that of normal subcutaneous adipose tissue. All 
live cells derived from Luc-Tg tissue expressed 
luciferase and ejected photons in the presence of 
luciferin. Through this procedure, we assessed a 
composite tissue of WT skin and luciferase with or 
without subcutaneous adipose tissue. Using this 
model, we continuously traced the subcutaneous 
fat tissue during expansion and investigated the 

contribution of fat tissue to the regeneration of 
expanded skin.

METHODS

Animals
This study was approved by the institutional 

review board of the Shanghai Ninth People’s 
Hospital. All rats were maintained in a pathogen-
free environment, and all experiments were per-
formed under laminar flow hoods.

Luc+ Adipose Tissue Transplantation and Skin 
Expansion Model

We used ROSA/Luciferase-LEW rats16 (Luc-Tg 
rats, Luc+ or Luc−, bred by Shanghai Experimental 
Animal Center, Shanghai, People’s Republic of 
China) as fat pad donors and WT Lewis rats as 
recipients. We harvested both sides of the ingui-
nal fat pad from 12-week-old male Luc-Tg Lewis 
rats. After transplantation, all live cells from 
Luc-Tg rats expressed luciferase and could be 
traced by in vivo bioluminescent imaging and in 
vitro immunohistochemical staining.17 WT Lewis 
rats (6 weeks old, 78 to 85 g) were randomized 
into two groups, with eight rats in each group. 
For the adipose tissue–transplanted group (AT 
group), the Luc+ fat pads of Luc-Tg Lewis rats were 
implanted into the WT rats’ dorsal area. For the 
control group, animals underwent sham surgery 
(only pocket dissection, with no fat pad transplan-
tation). After 4 weeks of fat pad transplantation, 
a skin expansion model was established accord-
ing to a previously reported protocol,18 with a 
10-mL silicone expander implanted underneath 
the fat pad in the AT group and underneath the 
skin in the control group (Fig. 1). [See Figure, 
Supplemental Digital Content 1, which demon-
strates the surgical procedure. (left and second 
from left) The transplanted adipose tissue success-
fully survived. (Second from right) Skin expansion 

Fig. 1. Illustration of the workflow. (Created with BioRender.com.)
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reached 100 mL in volume. (Right) The majority 
of the adipose tissue layer disappeared, and only 
some dense tissue was observed (arrow), http://
links.lww.com/PRS/G488.] The infusion of 5 mL of 
saline was performed every 3 days until the total 
volume reached 100 mL.

In Vivo Observation of Transplanted Adipose 
Tissue

In vivo bioluminescence imaging was per-
formed with a noninvasive IVIS bioimaging sys-
tem (PerkinElmer, Valencia, CA) to continuously 
track the survival of transplanted fat as described 
previously.19 To detect luminescence from  
luciferase-expressing cells, D-luciferin (potassium 
salt; Synchem, Altenburg, Germany) was injected 
intraperitoneally into rats anesthetized with isoflu-
rane (30 mg/kg body weight). Viable luciferase- 
expressing fat tissue was analyzed using the IVIS 
Living Image software package. Signal intensity 
was quantified as photon flux in units of photons 
per second in the region of interest. In vivo bioim-
aging was performed before expansion and when 
the total volume of saline reached 100 mL.

Harvesting of Expanded Skin and Adipose 
Tissue

Expanded skin samples and transplanted 
adipose tissue were harvested after 100 mL of 
expansion, according to a previously described 
protocol.18 Briefly, longitudinal full-thickness skin 
specimens with underlying adipose tissue cover-
ing an area of approximately 2 × 2 cm to 5 × 5 cm 
(approximately 10% of the expanded skin surface 
area) were harvested at the highest tension.

Histologic Analysis
After fixation, skin and adipose tissue were 

cut into 5-μm sections for hematoxylin and eosin 
staining and Masson trichrome staining. The epi-
dermal and dermal thickness of each skin sample 
was measured using Image-Pro Plus 6 software 
(Media Cybernetics, Rockville, MD).

Real-Time Quantitative Polymerase Chain 
Reaction Analysis

Total RNA was extracted from expanded skin 
and fat tissue separately using TRIzol reagent 
(Invitrogen, Carlsbad, CA) according to the man-
ufacturer’s protocol. The PrimeScript RT Reagent 
Kit (Takara Bio, Shiga, Japan) was used for cDNA 
synthesis. Gene expression was evaluated by real-
time quantitative polymerase chain reaction per-
formed on a real-time 7500 HT system (Applied 

Biosystems, Foster City, CA) using the SYBR Green 
PCR Master Mix Kit (Takara Bio, Shiga, Japan). 
The expression of target genes was measured using 
the primers shown. (See Figure, Supplemental 
Digital Content 2, which shows primer informa-
tion, http://links.lww.com/PRS/G489.) β-Actin was 
used as an internal control. Relative gene expres-
sion was calculated using the 2-ΔΔCt method and 
normalized to the expression in the control group 
to obtain the fold change in expression.

Immunofluorescence and Immunohistochemical 
Staining

To detect the vessels and proliferating cells 
(early G1 and S phases) in expanded skin, rabbit 
anti-rat CD31 (BM2966; Boster, Wuhan, People’s 
Republic of China) and mouse anti-rat prolif-
erating cell nuclear antigen (PCNA) (BM0104; 
Boster) antibodies were applied. To determine 
the cell type change in expanded adipose tissue, 
mouse anti-DLK1 antibody (sc-376755; Santa 
Cruz Biotechnology, Dallas, TX) was used as the 
primary antibody. To trace in vitro cells from the 
transplanted adipose tissue, we used anti-luciferase 
primary antibody (ab185924; Abcam, Cambridge, 
UK) and antibodies against platelet-derived growth 
factor receptor alpha (PDGFRα) (sc-21789; Santa 
Cruz), DLK1, and CD31 to detect the differentia-
tion of migrated cells. For immunofluorescence 
staining, secondary antibodies conjugated to 488-
nm or 555-nm absorbing fluorophores (Invitrogen, 
Carlsbad, CA) were applied to visualize primary 
antibodies. We used 4ʹ,6-diamidino-2-phenylindole 
(Roche, Mannheim, Germany) to counterstain the 
nuclei. Sections subjected to immunohistochemi-
cal staining were visualized using diaminobenzi-
dine and counterstained with Mayer hematoxylin. 
The number of stained cells was counted manu-
ally for five random high-power fields (200×) from 
microscopy images (DS-Ri2; Nikon, Tokyo, Japan).

Western Blot Analysis
Protein extracts were obtained by lysis in ice-

cold radioimmunoprecipitation assay lysis buffer 
containing a protease inhibitor cocktail (Roche, 
Indianapolis, IN). A total of 40 mg of each pro-
tein sample was subjected to sodium dodecyl 
sulfate polyacrylamide gel electrophoresis and 
transferred to a polyvinylidene difluoride mem-
brane. After incubation in 5% bovine serum 
albumin in Tris-buffered saline with Tween, 
the polyvinylidene difluoride membranes were 
incubated in dilution buffer (2% bovine serum 
albumin in Tris-buffered saline with Tween) con-
taining primary antibodies overnight at 4°C and 

http://links.lww.com/PRS/G488
http://links.lww.com/PRS/G488
http://links.lww.com/PRS/G489
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then incubated with horseradish peroxidase– 
conjugated secondary antibodies diluted in dilu-
tion buffer. Protein expression was assessed using 
the following primary antibodies: rabbit anti-
rat vascular endothelial growth factor (VEGF) 
(19003-1-AP; Proteintech, Rosemont, IL), rab-
bit anti-rat type epidermal growth factor (EGF) 
(AF5148; Affinity, Changzhou, People’s Republic 
of China), and rabbit anti-rat basic fibroblast 
growth factor (bFGF) (DF6038; Affinity).

Statistical Analysis
The results are expressed as mean (SD). A 

paired t test was used to assess the changes in 
variables repeatedly measured before and after 
expansion (bioluminescence imaging results). A 
two-tailed t test was used to evaluate the signifi-
cance of the difference in independent variables. 
Comparison of the expression of growth factors 
among multiple groups (control skin, AT skin, 
and AT adipose tissue) was performed using one-
way analysis of variance and Tukey post hoc test. 
Values of P < 0.05 indicated statistical significance.

RESULTS

In Vivo Tracing of Subcutaneous Adipose Tissue 
during Expansion

By the transplantation of Luc+ inguinal 
fat pads, we traced the change in subcutane-
ous adipose tissue during skin expansion in 
vivo. The transplanted adipose tissue had a 

stable bioluminescent signal, allowing for imag-
ing. Photons emitted from subcutaneous adipose 
tissue showed no significant difference before 
and after expansion (Fig. 2). The results of bio-
luminescent imaging indicated that the number 
of live cells derived from adipose tissue did not 
significantly change.

Changes in Structure and Cell Type in Adipose 
Tissue before and after Expansion

Adipose tissues were harvested at the end of 
expansion. Compared with those that did not 
undergo expansion, expanded tissues lost the 
characteristics of adipose tissue. The number 
of adipocytes was sharply decreased, and the tis-
sues showed a dense fibrotic-like appearance 
with abundant fibroblast-like cells. The struc-
tural changes of adipose tissue provide substan-
tial evidence that grafted fat responds similarly 
to native fat. The expression of Dlk1, a marker 
of preadipocytes, was increased after expansion. 
Immunohistochemical staining also confirmed 
that more Dlk1 cells were observed in adipose 
tissues harvested after expansion (Fig. 2). These 
results indicated that the change in adipose tissue 
structure may be attributable to the dedifferentia-
tion of mature adipocytes to preadipocytes.

Skin Expanded with the Existence of Adipose 
Tissue Exhibited Better Regeneration

By transplantation of the fat pad, a model was 
prepared in which dorsal skin with subcutaneous 

Fig. 2. Change in transplanted adipose tissue during expansion. (Left) Luminescent images of transplanted adipose tissue in vivo. 
The adipose tissue was continuously observed during expansion. (Above, center) Quantified result of luminescent imaging. (Above, 
right) Histologic results of adipose tissue. The tissue exhibited a dense fibrotic-like appearance with a sharp decrease in adipocytes. 
(Below, center) mRNA expression of Dlk1 in adipose tissue before and after expansion. (Below, right) Immunohistochemical staining 
for Dlk1 in adipose tissue before and after expansion. Scale bar = 100 µm; **P < 0.01; ns, no significance.
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adipose tissue could be expanded. Compared 
with the control group with no subcutaneous 
adipose tissue, expanded skin in the AT group 

exhibited better regeneration. The skin in the 
control group presented clear signs of deterio-
ration, including thinning and hair loss (Fig. 3). 

Fig. 3. Comparison of skin expanded with or without adipose tissue. (Above) Expanded skin in the AT 
group exhibited better regenerative conditions. (Below) Hematoxylin and eosin staining of skin samples 
from the AT group and the control group. Scale bar = 100 µm.
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[See Figure, Supplemental Digital Content 3, 
which shows (left) measurement of the skin thick-
ness of samples from the AT group and the con-
trol group. (Center and right) Masson staining of 
samples from these two groups. Scale bar = 100 µm; 
***P < 0.001, http://links.lww.com/PRS/G490.] The 
histologic results showed that the skin specimens 
from the AT group were significantly thicker than 
those from the control group. The layer of der-
mal white adipose tissue was diminished or even 
nonexistent in the control group, whereas it was 
still clear and well-structured in the AT group. In 
addition, more hair follicles in the anagen phase 
were observed in the AT group.

Skin Expanded with the Existence of Adipose 
Tissue Had Better Vascularization and More 
Proliferating Cells

We used anti-CD31 staining to mark the ves-
sels. The results showed that more CD31+ cells 
were found in skin from the AT group (P < 0.05), 
indicating that improved vascularization and 
blood supply were achieved (Fig. 4). [See Figure, 
Supplemental Digital Content 4, which shows 
analysis of anti-CD31 (above, left) and anti-PCNA 
(above, right) staining results. (Center and below) 
Staining of CD31, podoplanin, and luciferase. The 
results showed that CD31+ cells in expanded skin 
seldom colocalized with podoplanin, indicating 
that these cells were vessel endothelial cells. Scale 
bar = 100 μm, http://links.lww.com/PRS/G491.] 
We applied anti-PCNA antibodies to observe cell 
proliferation in expanded skin. Compared with 
the control group, the number of PCNA+ cells in 
the epidermis was significantly increased in the 
adipose tissue transplanted group (Fig. 4; see 
Figure, Supplemental Digital Content 4, http://
links.lww.com/PRS/G491) (P < 0.01). Collectively, 
these results indicated that the existence of sub-
cutaneous adipose tissue supported the vascular-
ization and regeneration of overlying skin during 
expansion.

Adipose Tissue Supports Skin Regeneration 
through Paracrine Growth Factors

Real-time quantitative polymerase chain 
reaction analysis was performed to compare 
the mRNA expression of VEGF, EGF, and bFGF 
in skin expanded without adipose tissue, skin 
expanded with adipose tissue, and skin expanded 
adipose tissue. The expression of VEGF and EGF 
did not change in expanded skin with or without 
adipose tissue. However, the expression levels 
of these growth factors were significantly higher 

in expanded adipose tissue. The level of bFGF 
mRNA expression in expanded skin was increased 
with the presence of adipose tissue but was still 
significantly lower than that in adipose tissue 
alone. Similar differences were also found in the 
protein levels of VEGF, EGF, and bFGF (Fig. 4). 
Thus, these results indicated that, during expan-
sion, subcutaneous adipose tissue promoted skin 
regeneration through the paracrine effects of 
growth factors.

Cells from Subcutaneous Adipose Tissue 
Migrated into Expanded Skin

To trace the cells derived from subcutaneous 
adipose tissue, we used an anti-luciferase anti-
body to mark live cells originating from Luc+-
transplanted adipose tissue. Luc+ cells were found 
in skin after expansion (see Figure, Supplemental 
Digital Content 5, which shows anti-luciferase 
staining of sections from expanded skin and rela-
tive subcutaneous adipose tissue; scale bar = 100 
µm, http://links.lww.com/PRS/G492), indicating 
that cells derived from subcutaneous adipose tis-
sue migrated to overlying skin during expansion. 
Antibodies against PDGFRα, DLK1, and CD31 
were applied to determine the fate of migrated 
cells. Cells expressing luciferase/PDGFRα and 
luciferase/DLK1 were found in expanded skin. 
These cells could be either preadipocytes existing 
in adipose tissue before expansion or dedifferen-
tiated adipocytes.20,21 These migrated cells could 
support skin regeneration. Moreover, some Luc+ 
cells were colocalized with CD31 (Fig. 5), indicat-
ing that cells from adipose tissue directly contrib-
uted to vascularization.

DISCUSSION
It has been known for a long time that 

the thickness of subcutaneous adipose tissue 
decreases during skin expansion. We have pre-
viously reported the continuous thinning of the 
subcutaneous adipose layer, as determined by 
ultrasonic scanning.7,9 However, little is known 
regarding the destination of cells from adipose 
tissue during thinning. One major obstacle was 
the lack of suitable animal models. The most com-
monly used expansion model is the rodent dorsal 
skin expansion model.22 However, rodents do not 
have subcutaneous adipose tissue, which limits 
the practicality of this model. Some studies trans-
planted the inguinal fat pad to the dorsal area 
before starting expansion.15 Although this model 
mimics the process in humans, in which the fat 
tissue and skin are expanded simultaneously, it is 

http://links.lww.com/PRS/G490
http://links.lww.com/PRS/G491
http://links.lww.com/PRS/G491
http://links.lww.com/PRS/G491
http://links.lww.com/PRS/G492
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Fig. 4. Subcutaneous adipose tissue promoted vascularization and cell proliferation in expanded skin by 
means of paracrine growth factors. (Above) Immunohistochemical staining for CD31 and PCNA to mark ves-
sels and proliferating cells. (Center) mRNA expression levels of EGF, bFGF, and VEGF in skin samples from the 
control group and the AT group (AT-Skin), and adipose tissue from the AT group (AT-Adipose). (Below, right) 
Immunoblot analysis of the expression of bFGF, EGF, and VEGF in skin samples from the control group and the 
AT group, and adipose tissue from the AT group. Scale bar = 100 µm; *P < 0.05; ***P < 0.001.
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unable to trace the change and fate of cells of adi-
pose tissue. In this study, we reported an innova-
tive model that can trace cells from subcutaneous 
tissue during skin expansion both in vivo and in 
vitro.

In this model, we used adipose tissue from 
Luc-Tg rats.16 With the Luc-Tg gene, subcutane-
ous adipose tissue can be continuously traced 
in vivo, and there is no need to kill animals. 
Moreover, with the Luc-Tg gene, cells from adi-
pose tissue could be easily distinguished from 
those from skin that were luciferase-negative.18 We 
transplanted Luc+ inguinal fat pads from Luc-Tg 
rats to the dorsum of WT rats. Bioluminescence 
imaging showed that the transplanted fat tissue 
had a stable signal after transplantation, enabling 
dynamic observation of subcutaneous fat tissue. 
Through this procedure, we established a com-
posite tissue flap with Luc+ adipose and Luc− skin. 
When inflating the expander buried under this 
flap, the overlying adipose tissue and skin could 
be stretched simultaneously.

Recently, the transition between adipocytes 
and preadipocytes has been reported in some 
physical processes. In the breast, adipocytes can 
dedifferentiate into preadipocytes during lacta-
tion and redifferentiate during the involution 
period.23 In the periodic growth of hair follicles, 
the white fat in the dermis also has a periodic pro-
cess of differentiation and dedifferentiation with 
the cycle of hair follicles and has a supporting 
role in their growth and development.24 For the 
first time, we report the dynamic change in subcu-
taneous adipose tissue during expansion. When 
the expansion inflation reached 100 mL, the 

transplanted subcutaneous fat tissue lost the origi-
nal adipose tissue structure, which was replaced 
with a dense fibrotic-like structure. Meanwhile, 
the bioluminescent images showed continuous 
signals from living cells of adipose tissue. The 
results indicated that the decrease in adipose tis-
sue volume may be attributable to cell-type tran-
sition, not apoptosis. By immunohistochemical 
staining, we found Luc+/DLK1+ preadipocytes in 
fibrotic-like tissue, and foam cells, which are mac-
rophages that endocytose free lipids, indicating 
that adipocytes release lipid drops and dediffer-
entiate into preadipocytes.15,25 The dedifferenti-
ated preadipocytes had an improved ability to 
migrate26 and could migrate toward the overlying 
layer of skin.

In clinical observation, we found that skin 
expanded with an adipose layer exhibited better 
skin regeneration. The thinning adipose layer 
is usually accompanied by a vulnerably dete-
riorating skin texture. Consistent with clinical 
observation, skin expanded with transplanted 
subcutaneous fat pads exhibited a clear improve-
ment in texture. Previously, we reported that add-
ing fat grafts to thinning expanded skin can help 
promote skin regeneration.7 In this study, we con-
firmed that with the existence of an adipose layer, 
the expanded skin exhibited more PCNA+ cells. 
Skin in the presence of adipose tissue presented 
heathier properties. Hair follicles in the control 
group entered the telogen phase, whereas those 
in the adipose transplanted group were in the 
anagen phase.

Here, we helped explain the mechanism by 
which adipose tissue supports skin regeneration. 

Fig. 5. Tracing of cells derived from adipose tissue. Cells derived from subcutaneous adipose tissue were labeled with an anti-
luciferase antibody (green). (Left) Cells labeled with both luciferase and PDGFRα represent subcutaneous adipose tissue-derived 
stem cells, and (center) those labeled with both luciferase and DLK1 represent adipose tissue-derived preadipocytes. (Right) Cells 
derived from adipose tissue also differentiated into endothelial cells, as evidenced by Luc+/CD31 cells located in blood vessels. 
Scale bar = 100 µm.
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By secreting growth factors of the paracrine path-
way, adipose tissue can promote cell proliferation 
and vascularization.27 Higher levels of VEGF, EGF, 
and bFGF expression were found in expanded 
skin with adipose tissue. In addition, adipocytes 
can promote tissue regeneration in a paracrine 
manner.27 Adiponectin secreted by adipocytes 
can promote the proliferation of keratinocytes 
through the ERK signaling pathway.28 Leptin from 
adipocytes can induce hair follicle activation.29

By in vitro staining with anti-luciferase antibod-
ies, we observed cells derived from transplanted 
adipose tissue in expanded skin, indicating that 
cells from adipose tissue migrated into the skin 
layer. The cells from subcutaneous adipose tis-
sue may be recruited by the chemokine SDF1a 
released by expanded skin.18 Engrafted Luc+ cells 
were found to colocalize with DLK1 or PDGFRα, 
indicating that these cells were preadipocytes. 
These engrafted cells may be either preadipo-
cytes or dedifferentiated cells from adipocytes. 
The dedifferentiation of adipocytes into preadi-
pocytes during expansion may provide them an 
enhanced migration ability and help them partici-
pate directly in skin regeneration.26,30,31

The findings of this research showed the 
important support of subcutaneous adipose tissue 
for expanded skin regeneration. Our findings sug-
gest that a composite flap containing subcutane-
ous adipose tissue would achieve better outcomes 
and that it would be better if the expander pocket 
is dissected over the superficial fascia to preserve 
a layer of adipose tissue with skin. In addition, 
our findings support the treatment of fat grafting 
when expanded skin presents thinning.32

There are still limitations of our study. 
Although we observed changes in the structure 
and cell types of the subcutaneous fat layer after 
expansion, we did not identify the source of 
increased preadipocytes. Further lineage studies 
are needed to confirm whether adipocytes dedif-
ferentiated and to reveal the underlying mecha-
nism. Moreover, a cohort study is planned to 
assess the relationship between the subcutaneous 
fat thickness preserved with a skin flap and the 
expansion outcome, which we believe would pro-
vide more guidance for clinical practice.

CONCLUSIONS
In this work, we established a novel expan-

sion model by transplanting Luc-Tg adipose 
tissue into the rat dorsal back followed by inte-
grated expansion. Using this model, we traced 
the dynamic changes in subcutaneous adipose 

tissue during expansion and the migration of 
cells originating from adipose tissue. We reported 
the dedifferentiation of adipocytes instead of 
apoptosis during expansion. Subcutaneous adi-
pose tissue promoted skin regeneration through 
both the paracrine pathway and direct migra-
tion. In this research, we revealed the temporal 
dedifferentiation change of subcutaneous adi-
pose tissue during skin expansion and the con-
tribution of subcutaneous adipose tissue to skin 
regeneration.
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