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The skin of patients with an extensive deep burn injury is repaired by a process that leaves a hypertrophic scar
without sweat glands and therefore loses the function of perspiration. The aim of this study was to identify whether the
key factors related to sweat gland development could directly reprogram fibroblasts into sweat gland-like cells. After
introducing the NF-kB and Lef-1 genes into fibroblasts, we found that stably transfected fibroblasts expressed specific
markers of sweat glands, including CEA, CK7, CK14 and CK19, both at the protein and mRNA levels. The
immunofluorescence staining also showed positive expression of CEA, CK7, CK14 and CK19 in induced fibroblasts, but
there were no positive cells in the control groups. The expression of Shh and Cyclin D1, downstream genes of NF-kB
and Lef-1, were also significantly increased during regeneration. The induced fibroblasts were implanted into an animal
model. Twenty days later, iodine-starch perspiration tests showed that 7 out of the 10 cell-treated paws were positive
for perspiration, with a distinctive black point-like area appearing in the center of the paw. Contralateral paws tested
negative. Histological examination of skin biopsies from experimental and control paws revealed that sweat glands
were fully reconstructed in the test paws, with integral, secretory and ductal portions, but were not present in the
control paws. This is the first report of successful reprogramming of fibroblasts into sweat gland-like cells, which will
provide a new cell source for sweat gland regeneration in patients with extensive deep burns.

Introduction

The excretory function of skin is devoted to the regulation of
body temperature. Under basal conditions, approximately 25%
of heat is eliminated by vaporization of sweat excreted from sweat
glands.1 Therefore, sweat glands play a significant role in the
homeostatic maintenance of body temperature. However, follow-
ing severe full-thickness burn injury, sweat glands do not regener-
ate to form their 3D organization because of complete
destruction of the duct and secretory cell coiler.2 Although sur-
vival rates from even the most severe burns have reached 90% in
some countries, most survivors face the problem of the long-term
loss of secretory function and endure great pain. Because of the
lack of sweat glands in regenerated scar tissue, body temperature
regulation is impaired, which greatly affects the patients’ quality
of life. Therefore, enhancing the regeneration of sweat glands is
an important goal in burn treatment.3

Recent rapid advances in regenerative medicine have led us
to attempt to reprogram somatic cells into sweat gland cells to
regenerate sweat glands.4 Compared to more established
methods of cellular derivation, such as embryonic or induced
pluripotent stem cell (iPS) directed differentiation, direct
reprogramming presents several advantages: lack of tumori-
genic risk, fast conversion rate and repair of injured tissues by
in vivo reprogramming.5 Compared with stem cells, fibro-
blasts are the best source for direct reprogramming. Fibro-
blasts are easily isolated and cultured, they do not instigate a
host-versus-graft reaction, and most importantly, they can
migrate to the injured sites of skin.6 Thus, fibroblasts might
be successfully reprogrammed and induced to acquire a sweat-
gland-cell phenotype.

Direct reprogramming of fibroblasts by defined factors has
already been reported by many other researchers. In 2010,
Vierbuchen successfully reprogrammed fibroblasts into
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neuronal cells using a cocktail of
Ascl1, Brn2 and Myt11.7 In 2012,
Song’s group reported that mouse
cardiac fibroblasts could be reprog-
rammed into beating cardiac-like
myocytes using a defined factor set
consisting of GMT and the Hand 2
gene.8 EDA/EDAR/NF-kB and
Wnt/b-catenin signaling pathways
play an important role in the devel-
opment of skin appendages (includ-
ing sweat glands and hair follicles).9

The ectodysplasin (EDA) gene is
one of the functional genes that reg-
ulate the development of sweat
glands. In EDA knockout mice,
sweat glands do not regenerate after
injury.10,11 NF-kB is a downstream
factor of EDA and EDAR signaling
and promotes the expression of NF-
kB target genes such as Shh, cyclin
D1, Dkk4, Fox family genes and
keratins.12 These genes are required
at different stages in sweat gland
development. Lymphoid enhancer-
binding factor 1 (Lef-1) is a down-
stream transcription factor of b-cate-
nin signaling.13 The protein encoded
by this gene can bind to a function-
ally important site in the T-cell
receptor-a enhancer, thereby confer-
ring maximal enhancer activity,
which may function in hair cell dif-
ferentiation and follicle morphogene-
sis.14 In addition, Lef-1 also can
enhance activation of the EDA pro-
moter and promote the expression of
the EDA gene during ectoderm
development.

In this study, we sought to deter-
mine whether key developmental
sweat gland factors could directly
reprogram fibroblasts into sweat
gland-like cells in vitro, with the
notion that the in vivo environment
may ultimately permit further
reprogramming. We first constructed
a eukaryotic NF-kB and Lef-1
expression vector and transfected it
into fibroblasts. Then, we observed
the influence of the defined combina-
tion of NF-kB and Lef-1 on reprog-
rammed cells. This study will provide
us new insights into the regeneration
of sweat gland-like cells by showing a
new ideal cell source for cell therapy.

Figure 1. Plasmid construction. (A) Enzyme digestion analysis of NF-kB and Lef-1 transgene
vectors. Markers and (Sample) fragments of pcDNA3.1(C)-NF-kB and pcDNA3.1(C)-Lef-1 plasmid
separately digested by HindIII and PstI/SalI. (B) Gene sequencing analysis. This image depicts the
gene sequences of the Homo sapiens NF-kB and Lef-1 from GenBank (Serial Number:
NM_003998 and NM_016269).

Figure 2. Cell transfection and expression of NF-kB and Lef-1. (A) G418-resistant fibroblast cells clone
selection. Small colonies were formed in the presence of G418 on the 7th day of selection (left),
whereas significantly larger colonies appeared after 20 days of selection (right). (B) The expression of
NF-kB and Lef-1 in the three groups. Significant differences in NF-kB and Lef-1 expression between
cells transfected with pcDNA3.1(C)-NF-kB and pcDNA3.1(C)-Lef-1, empty vector or negative control
are shown (*P < 0.05 negative control vs. the experimental group and empty vector control). All data
are normalized to GAPDH and calibrated based on the negative control, whose expression was consid-
ered 1 for all genes. The Y-axis is on a logarithmic scale.
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Results

Plasmid construction
The pcDNA3.1 (C) plasmid was used to construct the

transgene vector pcDNA3.1(C)-NF-kB and pcDNA3.1
(C)-Lef-1. The final pcDNA3.1(C)-NF-kB and pcDNA3.1
(C)-Lef-1 plasmids were extracted via an alkaline lysis
method. The plasmids were identified separately by HindIII/
SalI and HindIII/PstI digestion and gel electrophoresis. The
products of this digestion are shown in Fig. 1. The enzymes
HindIII and SalI specifically recognized and digested the
desired sites on pcDNA3.1 (C)-NF-kB. The enzymes Hin-
dIII and PstI specifically recognized and digested the desired
sites on pcDNA3.1 (C)-Lef-1. One fragment of approxi-
mately 3,000 bp was observed after digestion, which is the
NF-kB gene. Another fragment of approximately 1,200 bp
was observed after digestion for the Lef-1 gene. Meanwhile,
the pcDNA3.1(C)-NF-kB and pcDNA3.1(C)-Lef-1 recombi-
nant plasmids were separately isolated from bacteria and ana-
lyzed by Invitrogen Biotechnology Co. Ltd (Branch,
Shanghai, China). The sequences were identical to the Gen-
Bank reference sequences (Serial Number: NM_003998,
NM_016269). These results confirmed that the NF-kB and
Lef-1 gene fragments were successfully inserted into the
pcDNA3.1 (C) plasmid. The recombinant plasmids were
then used in the following experiments (Fig. 1).

Cell transfection and expression of NF-kB and Lef-1
To study the biological functions of NF-kB and Lef-1, the

recombinant plasmids were transfected into fibroblasts. Forty-
eight hours after transfection, the cells were selected by G418 for
20 days, and G418-resistant clones were propagated and
screened for NF-kB and Lef-1 expression. Stably transfected cells
were analyzed individually to determine the expression level of
NF-kB and Lef-1 using real-time PCR. This analysis confirmed
that the fibroblast cells transfected with pcDNA3.1(C)-NF-kB
and pcDNA3.1(C)-Lef-1 expressed higher levels of NF-kB and
Lef-1 at the mRNA levels when compared with the negative con-
trol and empty vector control groups (Fig. 2).

Fibroblasts expressed specific markers of sweat glands after
reprogramming

Stably transduced cells were cultured and analyzed individu-
ally to determine the expression levels of CEA, CK7, CK14 and
CK19 using Western blots and realtime-PCR. Our Western blots
and Image J gray scan analysis demonstrated that stably trans-
fected fibroblast cells expressed the specific marker proteins of
sweat glands (CEA, CK7, CK14 and CK19) (Fig. 3). The con-
trol groups did not express these proteins. Real-time-PCR
showed that the stably transfected group had significant expres-
sion of sweat gland markers (CEA, CK7, CK14 and CK19),
while control cells did not. This analysis confirmed that the
Fibroblast cells transfected with pcDNA3.1(C)-NF-kB and
pcDNA3.1(C)-Lef-1 expressed CEA, CK7, CK14 and CK19 at
the mRNA and protein levels (Fig. 4).

Triple-immunofluorescence staining was conducted to iden-
tify CEA, CK7, CK14 and CK19 in fibroblasts to elucidate the
direct contribution of the NF-kB and Lef-1 genes to conversion,
measured by specific markers of sweat glands. CEA, CK7, CK14
and CK19 staining could be observed in fibroblast cells with
pcDNA3.1(C)-NF-kB and pcDNA3.1(C)-Lef-1, compared
with the control cells. In fact, CEA, CK7, CK14 and CK19
staining was barely detectable in the control fibroblasts. No sig-
nificant differences in the DAPI signal were observed between
the 3 groups. From this immunofluorescence staining, we con-
clude that in the stably transfected group, specific markers of
sweat glands (CEA, CK7, CK14 and CK19) are more highly
expressed than that in the control groups (Fig. 5).

Expression of Shh and Cyclin D1, downstream genes of NF-
kB and Lef-1

Real-time-PCR showed that the stably transfected group had
significantly higher expression of genes downstream of NF-kB
and Lef-1 signaling (Shh and cyclin D1) compared to controls
(Fig. 6).

Transplanting reprogrammed fibroblasts in animal models
Fibroblasts transfected with pcDNA3.1(C)-NF-kB and

pcDNA3.1(C)-Lef-1 were implanted in an animal model at a
concentration of 106 cells/ml. Twenty days later, an iodine-starch

Figure 3. The expression of CEA, CK7, CK14 and CK19 proteins is modu-
lated by NF-kB and Lef-1 in fibroblast cells. Equal amounts of cell lysates
(containing 50 mg protein) were probed by specific antibodies as
described in Materials and Methods Section. b-actin was used as a load-
ing control. The pictures show CEA, CK7, CK14 and CK19 protein. The
figure is representative of three separate experiments. The expression
profiles of the specific markers and b-actin proteins in the Experimental
group (Lane 1), empty vector control group (Lane 2) and negative con-
trol group (Lane 3) are shown. A significant difference between transfec-
tion with pcDNA3.1(C)-NF-kB and pcDNA3.1(C)-Lef-1 and transfection
with vector alone or control is shown.
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perspiration test was performed on both paws of the mice. Seven
out of the 10 cell-treated paws were positive for the perspiration
test, with a distinctive blue and black area appearing in the center

of the paw. The contralateral paws did
not test positive. Histological examina-
tion of skin biopsies from experimental
and control paws revealed the damaged
sweat glands were fully reconstructed in
the positive paws, with integral secre-
tory and ductal portions, but they were
poorly represented in the control paws.
The basal layer connecting the epider-
mis and sweat gland duct appeared to
be intact and continuous in the treated
paws, but it was distorted in the control
paws. The results demonstrate that
transplanted fibroblasts transfected with
pcDNA3.1(C)-NF-kB and pcDNA3.1
(C)-Lef-1 aided in the regeneration of
sweat glands (Fig. 7).

Discussion

We demonstrated that NF-kB and
Lef-1 reprogrammed fibroblasts into
sweat gland-like cells. We constructed
eukaryotic NF-kB and Lef-1 expres-
sion vectors and stably transfected
them into fibroblasts. After 20 days,
some transfected fibroblasts were
reprogrammed into sweat gland-like
cells expressing CEA, CK7, CK14 and
CK19 mRNA and protein. We also

found the enhanced expression of Shh and Cyclin D1, down-
stream genes of NF-kB and Lef-1, which might be involved in
the process of reprogramming. Then, we transplanted these

sweat gland-like cells into scalded
paws of nude mice and found that the
paws were positive for a perspiration
test and that the damaged sweat glands
were fully reconstructed in the positive
paws. These findings suggest that
fibroblasts reprogrammed with NF-kB
and Lef-1 possess the phenotypic and
functional characteristics of sweat
gland cells.

Cellular differentiation is usually con-
sidered an irreversible process during
development due to robust lineage com-
mitment. Lineage-specific transcription
factors produced during development
may strengthen cell type-specific gene
expression patterns.15 This view has been
reconsidered, as the ability to change the
pluripotency of a differentiated cell or to
change a cell into an entirely different
cell type has been demonstrated. It is
possible to induce fully differentiated

Figure 4. The influence of NF-kB and Lef-1 on CEA, CK7, CK14 and CK19 gene expression. Significant
differences in CEA, CK7, CK14 and CK19 expression between cells transfected with pcDNA3.1(C)-NF-
kB and pcDNA3.1(C)-Lef-1, empty vector or negative control are shown (*P < 0.05 negative control
vs. the experimental group and empty vector control). All data are normalized to GAPDH and cali-
brated based on the negative control, whose expression was considered 1 for all genes. The Y-axis is
on a logarithmic scale.

Figure 5. The expression of CK19, CK14, CK7 and CEA in fibroblasts after transfection. Immunofluores-
cent images of fibroblast cells transfected with pcDNA3.1(C)-NF-kB and pcDNA3.1(C)-Lef-1. Single
color and merged images for CEA (green), (red) and nucleus (blue) staining are shown in A. Single
color and merged images for CK14 (red), CK19 (green) and nucleus (blue) staining are shown in B.
The scale bar represents 50 mm (top row). Representative photomicrographs are shown for three
independent experiments. Red and green could not be seen in the control group.
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cells to transform into other cell types by
reprogramming.16 Somatic cells can be
changed into pluripotent cells by meth-
ods such as cell fusion, culture-induced
reprogramming and direct reprogram-
ming.17 Specifically, direct reprogram-
ming is a complex process that involves
many methods and specific factors.18

Although the application of iPS cell
technology has a promising future,
obstacles exist. For example, the fidelity
and safety of iPS/ESC-derived cells
requires assessment before these cells can
be used clinically.19,20 Considering the
disadvantages and limitations of iPS cell
technology, other direct reprogramming
methods, which avoid the pluripotent
stage, may be preferable.21 Direct
reprogramming may replace the iPS cell
method. Several studies have revealed
that fibroblasts may be a source for cell-based therapy. It is possible
to directly reprogram fibroblasts into other cell types using a cock-
tail of defined factors and microRNAs.22-26 In 2012, Song’s group
reported that mouse cardiac fibroblasts could be reprogrammed
into beating cardiac-like myocytes using
a defined factor set consisting of GMT
and the Hand 2 gene.8 Torper’s study
showed that human fibroblasts and
astrocytes could be transplanted and
converted into neurons when specific
genes were activated.27 In addition,
Torper also found that mouse astrocytes
could be directly reprogrammed into
neurons with nuclear expression in vivo.

During sweat gland regeneration,
NF-kB and Lef-1 regulate cell prolifera-
tion and differentiation through the sig-
naling pathways of EDA and Wnt. NF-
kB and Lef-1 play a significant physio-
logical role in the regulation of sweat
gland development.28 NF-kB is activated
downstream of EDA and EDAR signal-
ing and promotes the expression of genes
such as Shh, cyclin D1, Dkk4, Fox fam-
ily genes and keratins. These genes are
required at different stages in sweat gland
development. Lymphoid enhancer-bind-
ing factor 1 (Lef-1) is a downstream
transcription factor of b-catenin signal-
ing. The protein encoded by this gene
can bind to a functionally important site
in the T-cell receptor-a enhancer,
thereby conferring maximal enhancer
activity, which may function in hair cell
differentiation and follicle morphogene-
sis.29 In addition, Lef-1 also can enhance

the activation of the EDA promoter and promote the expression of
the EDA gene during ectoderm development. Activated NF-kB
enters the nucleus and promotes the expression of genes such as
Shh, cyclin D1, Dkk4, Fox family genes and keratins. These genes

Figure 6. Expression of Shh and Cyclin D1. The influence of NF-kB and Lef-1 on downstream gene
expression. Significant differences in Shh and cyclin D1 expression between cells transfected with
pcDNA3.1(C)-NF-kB and pcDNA3.1(C)-Lef-1, empty vector or negative control are shown (*P < 0.05
negative control vs. the experimental group and empty vector control). All data are normalized to
GAPDH and calibrated based on the negative control, whose expression was considered 1 for all
genes. The Y-axis is on a logarithmic scale.

Figure 7. Animal model. Contribution of reprogrammed fibroblasts to sweat gland regeneration in
nude mice (A, B). Iodine-starch perspiration test was positive in a representative mouse paw (black
arrow; C) implanted with reprogrammed fibroblasts but negative in the control scalded paw (D); dam-
aged sweat glands were fully reconstructed with complete secretory and ductal portions in the treated
paw (black arrow; E) but poorly reconstructed in the control paw (black arrow; F); Scale bar is 50 mm.
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are required at different stages in sweat gland development.30,31 The
downstream gene Cyclin D1 is a b-catenin target gene whose
expression is upregulated during the process of aged epidermal cell
dedifferentiation.32 Therefore, we sought to identify whether key
developmental sweat gland factors could directly reprogram fibro-
blasts into sweat gland-like cells in vitro, with the assumption that
the in vivo environment may ultimately permit further
reprogramming.

In our study of the development of sweat glands and their spe-
cific cell markers, it was possible to regain functional sweat glands in
healed wounds in survivors of deep burns. The results of the iodine-
starch perspiration test clearly demonstrated that the transplanted
fibroblasts transfected with pcDNA3.1(C)-NF-kB and pcDNA3.1
(C)-Lef-1 permitted the regeneration of sweat glands. Although our
preliminary result is promising, there are still several questions that
need to be addressed. As a normal sweat gland structure was not
seen in our biopsy specimens, only a sweat gland-like structure, and
we observed the expression of specific cell markers in reprogrammed
fibroblasts, it seems logical to suggest that a different eccrine mecha-
nism might exist, which deserves further study.

Experimental results also show that NF-kB and Lef-1 can pro-
mote the differentiation of fibroblasts into sweat gland cells, possi-
bly because NF-kB and Lef-1 activate EDA and the Wnt
signaling pathway. The interactions between proteins of these 2
pathways may be responsible for the promotion of differentiation.
Activated NF-kB and Lef-1 could enter the nucleus and promote
the expression of genes such as Shh and cyclin D1, which are
required at different stages in sweat gland development. Realtime-
PCR showed that the stably transfected fibroblasts significantly
upregulated downstream targets of NF-kB and Lef-1 signaling
(Shh and cyclin D1) compared with controls. Our preliminary
results are consistent with the relevant literature.9,33

However, we did not thoroughly explore many other aspects
of the EDA/NF-kh and Wnt/Lef-1 pathways, such as ligand
binding sites, receptor activation, desensitization and transporta-
tion. We will continue to examine how these proteins affect
downstream signaling pathways activated by NF-kF and Lef-1 in
our future research. Our work may provide a promising method
for sweat gland regeneration and skin tissue engineering.

Materials and Methods

Materials
The following reagents were purchased from Invitrogen Corp.

(Invitrogen, Carlsbad, CA): pcDNA3.1 (C), PureLinkTM

HiPure Plasmid Miniprep Kit, LipofectamineTM 2000 Transfec-
tion Reagent, Opti-MEM� Reduced Serum Medium and
TRIzol� Reagent. CEA (ab33562), CK7(ab82253), CK14
(ab51054) and CK19(ab53119) antibodies were purchased from
Abcam Corp. The Reverse Transcription System was purchased
from Promega Corp. (Promega, Madison, WI, USA).

Mice
BALB/c nude mice (No. 01030101) were supplied by the

Institute of Experimental Animals, Chinese Academy of Science

(CAS). Mice were housed in standard animal cages under con-
trolled temperature and humidity with 12-hour light/dark cycles.
Animal handling and experimentation was approved by the Ani-
mal Care and Use Review Committee of IOZ, CAS, and the
Institute of Biological Products of Beijing.

Cell culture
Fibroblast cells were obtained from ATCC (America Type

Culture Collection). Cells were cultured in DMEM (Dulbecco’s
modified Eagle’s medium; Gibco, Carlsbad, CA) supplemented
with 10% fetal bovine serum (GIBCO, Grand Island, NY,
USA), 100 U/ml penicillin and 0.1 mg/ml streptomycin. Cells
were subcultured every 72 h in a humidified 5% CO2 incubator.
Cells from passages 4–6 were used in the experiments.

Vector construction, Cell transfection and G418 selection
We retrieved the NF-kB and Lef-1 gene sequences from Gen-

Bank and designed the following primers: NF-kB-F : 50-AAC
AGA GAG GAT TTC GTT TCC G- 30, NF-kB-R : 50-TTT
GAC CTG AGG GTA AGA CTT CT- 30, Lef-1-F : 50-TGC
CAA ATA TGA ATA ACG ACC CA- 30 and Lef-1-R : 50 -GAG
AAA AGT GCT CGT CAC TGT- 30. For NF-kB, the eukary-
otic expression plasmid pcDNA3.1 (C) was digested with the
restriction endonucleases HindIII and SalI. For Lef-1,
pcDNA3.1(C) was digested with HindIII and PstI. The NF-kB
insert and linearized plasmid were joined by T4-DNA ligase to
construct the plasmid pcDNA3.1(C)-NF-kB. The Lef-1 insert
and linearized plasmid were joined by T4-DNA ligase to con-
struct the plasmid pcDNA3.1(C)-Lef-1. The recombinant plas-
mids pcDNA3.1(C)-NF-kB and pcDNA3.1(C)-Lef-1 were
characterized by PCR, restriction endonuclease digestion and
sequencing analysis.

The fibroblast cells were divided into negative control, empty
vector control and overexpression groups. Untransfected cells were
used as the negative control. Transfection was carried out using Lip-
ofectamineTM 2000 according to the manufacturer’s instructions.

To obtain stably transfected cells, at 24 h post-transfection,
G418 was added to a final concentration of 0.8 mg/ml, and anti-
biotic selection was continued for 10 d Cells stably expressing
NF-kB and Lef-1 were continuously passaged in DMEM
medium supplemented with 10% fetal bovine serum, penicillin
(100 U/ml), streptomycin (10 g/ml) and G418 (0.2 mg/ml).
G418-resistant single cell clones were screened and amplified for
the following experiments. Control cells were mock-transfected
with empty vector and selected in the same manner described
above. The expression of CEA, CK7, CK14 and CK19 in fibro-
blast cells was observed on a confocal laser scanning microscope
and measured using Western blots and real-time PCR.

Western blotting
Western blots were performed to detect the expression of

CEA, CK7, CK14 and CK19 at the protein level. After trans-
fection and G418 selection, cells were washed 3 times with ice-
cold PBS, incubated with lysis buffer (20 mM HEPES, pH
7.5, 200 mM NaCl, 0.2 mM EDTA–Na2, 1% Triton X-100,
0.05% SDS, 0.5 mM DTT, 1 mM Na3VO4, 20 mM
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b-glycerophosphate, 1 mM phenylmethylsulfonyl fluoride,
10 mg/ml aprotinin, and 10 mg/ml leupeptin) at 4 �C for
30 min and centrifuged at 12000 g for 5 min; the supernatant
was stored at ¡80 �C. The amount of total protein was deter-
mined using a bicinchoninic acid (BCA) assay. Equal amounts
(20 mg) of total protein from each sample were separated on
12% Bis–Tris gels following the manufacturer’s protocol and
transferred to PVDF membranes. Membranes were blocked
overnight in TBST/5% fat free milk. After incubating with the
appropriate antibodies, immunoreactive bands were visualized
with enhanced chemiluminescence (ECL) detection reagents on
autoradiography films, as described previously.34 The intensity
of immunoreactive bands was quantified by image analysis soft-
ware (ImageJ_1.32J, NIH).

RNA extraction and Realtime-PCR
Cells were washed 2–4 times with PBS prior to RNA isolation.

Total RNA was isolated with the Trizol reagent and used for first
strand cDNA synthesis with a reverse transcription system. Quanti-
fication of gene transcripts was performed in a 7500 Real-Time
PCR System using Power SYBR

�
Green. The primer sequences of

the genes, including NF-kB, Lef-1, CEA, CK7, CK14, CK19, Shh
and Cyclin D1 are listed in Table 1. PCR conditions were one cycle
of 94 �C for 2 min followed by 50 cycles of 94 �C for 10 s, a spec-
ified annealing temperature for 15 s and 72 �C for 15 s. Amplifica-
tion was followed by melting curve analysis, which used the
following program: one cycle at 65 �C for 1 s, 94 �C for 2 s and
37 �C for 5 s. The housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an endogenous reference
gene to which the expression of other genes was normalized using
the comparative cycle of threshold value.

Immunofluorescence
After transfection and G418 selection, fibroblasts were seeded

at 1 £ 106 cells/well in 6-well plates (Nunc). The cells were cul-
tured to 70–90% confluence, and then the media in the 6-well

plate were removed. The cells were washed 3 times with PBS,
fixed with 4% paraformaldehyde for 10 min at 37 �C, and then
washed with PBS (pH 7.4) 3 times. Fibroblasts were separately
labeled with CEA, CK7, CK14 and CK19 primary antibodies
and incubated overnight at 4�C. After several washes with PBS
(pH 7.4), cells were incubated with the appropriate Cy3- and
FITC-conjugated secondary antibodies for 1 h in the dark at
room temperature. To counterstain the nuclei, 406-diamidino-
2-phenylindole dihydrochloride (DAPI; 0.5 mg/ml in PBS;
Molecular Probes) was applied after the secondary antibody.
Images were acquired on a fluorescence microscope (Leica)
equipped with a charged-coupled-device camera and processed
with Axiovision software (Leica MicroImaging).

Transplantation experiments in animals
Fibroblasts transfected with pcDNA3.1(C)-NF-kB and

pcDNA3.1(C)-Lef-1 were implanted in an animal model. Full-
thickness scald injuries were produced on both paws of the hind
legs of 12 athymic BALB/c nude mice. Then, one scalded paw of
each mouse received a subcutaneous injection of 1£106 reprog-
rammed fibroblasts suspended in 150 ml of medium. The contra-
lateral (control) scalded paw received a subcutaneous injection of
normal fibroblasts. Twenty days later, an iodine-starch perspira-
tion test was performed on both paws of the mice. Skin biopsies
from experimental and control paws were examined by histology.

Statistical analysis
The data were analyzed with SPSS software, Version 12.0

(SPSS Inc., Chicago, IL). All values are expressed as the mean §
standard deviation. The data were analyzed using one-way analy-
sis of variance (ANOVA) and Newman–Keuls–Student’s t test. A
tied-P value of < 0.05 was considered statistically significant.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Table 1. Primers for real time PCR

Definition Sequence (forward/reverse) GenBank Accession

GAPDH forward primer: 50-CAATGACCCCTTCATTGACC-30 NM_002046
reverse primer: 50-TTGATTTTGGAGGGATCTCG-30

NF-kB forward primer: 50 AACAGAGAGGATTTCGTTTCCG 30 NM_003998
reverse primer: 50 TTTGACCTGAGGGTAAGACTTCT 30

Lef-1 forward primer: 50 TGCCAAATATGAATAACGACCCA 30 NM_016269
reverse primer: 50 GAGAAAAGTGCTCGTCACTGT 30

CEA forward primer: 50 GCAGTATTCTTGGCGTATCA 30 M29540.1
reverse primer: 50 GAGACAAAACAGGCATAGGT 30

CK7 forward primer: 50 GGTGGATGCCCTGAATGATG 30 NM_005556.3
reverse primer: 50 GTCCAGGGAGCGACTGTTGT 30

CK14 forward primer: 50 TCTCGCCTCTCTCTGGTCAT 30 NM_000526.4
reverse primer: 50 CCTGATACACAAAAACATCAGGA 30

CK19 forward primer: 50 GGACCTGCGGGACAAGATTC 30 NM_002276.4
reverse primer: 50 GCAGAGCCTGTTCCGTCTCA 30

Shh forward primer: 50 CCCCAAATTACAACCCTGAC 30 NM_000193.2
reverse primer: 50 CATTCAGCTTGTCCTTGCAG 30

Cyclin D1 forward primer: 50 TAGGCCCTCAGCCTCACTC 30 NM_016269
reverse primer: 50 CCACCCCTGGGATAAAGCA 30
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