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ABSTRACT
S100 calcium-binding protein A8 (S100A8) and S100A9 are small molecular weight calcium-binding regulatory
proteins that have been involved in multiple chronic inflammatory diseases. However, the role of S100A8 and
S100A9 in keratinocytes in wounded skin and how they are regulated during this process are still unclear. Here,
we found that S100A8 and S100A9 were both upregulated in burn-wounded skins in vivo and thermalstimulated epidermal keratinocytes in vitro, accompanied by increased levels of epithelial-mesenchymal
transition (EMT). Then, we demonstrated that upregulation of S100A8 and S100A9 alone or together enhanced
characteristics of EMT in normal keratinocytes, manifested by excessive proliferation rate, abnormal ability of
cell invasion, and high expression levels of EMT marker proteins. The transcription factor PU box-binding
protein (PU.1) bound to the promoter regions and transcriptionally promoted the expression of S100A8 and
S100A9 both in the human and mice, and it had strong positive correlations with both S100A8 and S100A9
protein levels in burned skin in vivo. Moreover, PU.1 positively regulated expression of S100A8 and S100A9 in a
dose-dependent manner, and enhanced EMT of keratinocytes in vitro. Finally, through the burn mouse model,
we found that PU.1-/- mice displayed a lower ability of scar formation, manifested by smaller scar volume,
thickness, and collagen content, which could be enhanced by S100A8 and S100A9. In conclusion, PU.1
transcriptionally promotes expression of S100A8 and S100A9, thus positively regulating epithelial-mesenchymal
transformation (EMT) and invasive growth of dermal keratinocytes during scar formation post burn.

INTRODUCTION
Scar formation is a frequently occurring problem in
plastic surgery, which is a skin fibroplasia disorder
characterized by abnormal proliferation of dermal and
epidermal cell components and excessive deposition of
extracellular matrix (ECM) [1]. Scar lesions are often
accompanied by itching and tingling symptoms, which
not only hinder the beauty and limit the normal function
of limbs, but also seriously affect the physical and
mental health of patients. It is generally believed that
cell types involved in the pathological process of scar
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formation mainly include dermal fibroblasts and
epidermal keratinocytes. Previous studies on the
pathological mechanism of scar lesions mainly focused
on functions of dermal fibroblasts and their regulation.
However, in recent years, more and more studies have
revealed that epidermal keratinocytes also play an
important role in wound healing and scar formation [2,
3]. During scar formation, keratinocytes gradually lose
their characteristics of epithelial cells and acquire
features of mesenchymal cells, manifested by decreased
ability of cell adhesion and increased ability of
migration [4]. However, it is still largely unknown that
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how is the epithelial-mesenchymal transition (EMT)
process regulated in dermal keratinocytes.
S100 calcium-binding protein A8 (S100A8) and
S100A9 are small molecular weight calcium-binding
regulatory proteins, belonging to the S100 protein
family. S100A8 and S100A9, mainly expressed in
myeloid cells, including neutrophils, monocytes, and
macrophages, and some other cell types with secretory
functions, including tissue epithelial cells, endothelial
cells, and keratinocytes, have been involved in multiple
chronic inflammatory diseases, such as cancer,
thrombosis and arthritis [5–9]. Several recent studies
revealed that S100A8 and S100A9 are also expressed in
fibroblasts, keratinocytes, and other cell components
of the skin. S100A8 and S100A9 were robustly
upregulated in skin tissues under pathological
conditions, such as psoriasis, atopic dermatitis, and
wounds, and they contributed to development of these
pathological processes [10–12]. In wounded skins,
S100A8 and S100A9 expression were induced to
promote fibroblast activation and dermal fibrosis.
Hence, it is likely that S100A8 and S100A9 play a
promoting role in scar formation. However, the role of
S100A8 and S100A9 in keratinocytes in wounded skins
and their regulation are still unclear.
In a previous study, using proteomics and microarray
techniques, we identified that S100A8/A9 were robustly
upregulated in the keratinocytes derived from wounded
skin tissues. Our elementary study revealed that
S100A8/A9 overexpression increased, while silencing
S100A8/A9 decreased, the migration capacity of human
keratinocytes, accompanied by upregulation of several
EMT marker proteins, hinting their potential promoting
effect on EMT and invasive growth. In this study, we
investigated their exact role in regulating EMT of
keratinocytes and scar formation in vitro and in vivo.
Moreover, we explored how S100A8/A9 expression
was regulated during this process.

RESULTS
S100A8 and S100A9 were both significantly
upregulated in post burn skin and heat-stimulated
keratinocytes
Firstly, expression of S100A8 and S100A9 proteins
was detected in burned and matched normal skin
tissues. The results showed S100A8 and S100A9 were
both significantly upregulated in post burn skin
(Figure 1A–1C). Then, epidermal keratinocytes were
isolated from normal human skin, the purity of which
were confirmed by FACS assay based on the dual
luciferase labels of keratinocyte surface markers CK14 and p63 (Supplementary Figure 1). Heat-
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stimulation was applied to treat the keratinocytes in
vitro for simulating a state of burn injury. Western
blotting and double immunofluorescence analyses
showed that S100A8 and S100A9 were also
significantly upregulated in response to heat
stimulation in a time-dependent manner (Figure 1D,
1E). EMT and invasive growth have been recognized
as the cellular pathological basis of scar formation
after burn. Here, we found that the expression of EMT
marker proteins α-SMA, vimentin and p-Snail were
significantly induced by heat stimulation, which
displayed a synchronous change with S100A8/A9
proteins (Figure 1F). Moreover, as a key regulator of
EMT, the nuclear translocation of Snail protein was
also induced synchronously (Figure 1G). These data
above suggested that S100A8/A9 may be associated
with EMT of keratinocytes post heat stimulation.
S100A8 and S100A9 promote EMT of keratinocytes
S100A8 and S100A9 had a positive effect on cell
migration and caused a fibroblast-like phenotype in
keratinocytes. These signs suggested that that S100A8
and S100A9 caused a transformation from the
epithelial phenotype to mesenchymal phenotype in
keratinocytes. In this study, we investigated whether
S100A8 and S100A9 were involved in EMT
keratinocytes. Human recombinant S100A8 and
S100A9 proteins (rS100A8 and rS100A9) were
incubated with epidermal keratinocytes in vitro, and
heat-inactivated rS100A8 and rS100A9 were used as
the negative control to rule out endotoxin effects. We
found that treatment with 1 μg of rS100A8 or 1 μg
of rS100A9 alone moderately stimulated cell
proliferation (Figure 1A) and invasion (Figure 1D),
and expression of EMT marker proteins including αSMA, vimentin and p-Snail (Figure 1B), while
treatment with 0.5 μg of rS100A8 plus 0.5 μg of
rS100A9 had a greater promoting effect on cell
activity and expression of EMT marker proteins than
those of treatment with 1 μg of each recombinant
protein alone (Figure 1A, 1B, 1D). Moreover,
treatment with 1 μg of rS100A8 plus 1 μg of rS100A9
had a distinctly promoting effect on cell activity and
expression of EMT marker proteins, but heatinactivated rS100A8/A9 had no effect on cell
phenotypes and protein expression (Figure 1A, 1B,
1D). To further verify the effect of rS100A8/A9 on
EMT of keratinocytes, FACS approach was used to
calculate the proportion of CD44 +CD24- cells in
response to treatment. The results showed that the
proportion of CD44+CD24- cells was increased by the
treatment of either rS100A8 or rS100A9 and further
increased by co-treatment of rS100A8 plus rS100A9,
which was consistent with the changes of cell invasion
and levels of EMT marker proteins (Figure 2C). These
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data revealed that S100A8 and S100A9 synergistically
promote EMT of keratinocytes.
PU.1 was identified as a transcription factor of both
S100A8 and S100A9, which promoted EMT of
epidermal keratinocytes
S100A8 and S100A9 usually function synergistically,
whereas, it is not clear that how S100A8 and S100A9

expressions were regulated. We searched co-expressed
regulators with both S100A8 and S100A9 with the
online bioinformatics tool ChIPBase. The outputs
showed that the transcription factor PU.1 displayed a
strong positive correlation with both S100A8 and
S100A9 in various human tissues (Supplementary
Tables 1, 2). Sequence analyses genes revealed that
there was a binding motif in the promoter regions of
S100A8 (-79 to -70) and S100A9 (-193 to -182)

Figure 1. S100A8 and S100A9 were upregulated in post burn skin and thermal-stimulated keratinocytes. (A) Representative
blots for S100A8 and S100A9 in burned and matched normal skin tissues from burn patients. Comparison of (B) S100A8 and (C) S100A9 in
burned and matched normal skin tissues of 38 patients. (D) Expression of S100A8 and S100A9 and (F) EMT marker proteins in thermalstimulated keratinocytes was detected with Western blotting at different time points. (E) Double immunofluorescence assay for cellular
localization of S100A8 and S100A9 and (G) immunofluorescence assay for nuclear translocation of Snail protein in thermal-stimulated
keratinocytes at different time points. ***P < 0.001.
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respectively (Supplementary Figure 2). Luciferase
reporter gene assays, based full-length or truncated
promoter sequences, verified that PU.1 could activate
the transcription of the luciferase reporter genes when
the binding motif existed (Figure 3A, 3B). In the burned
skin, we found that S100A8 and S100A9 levels
displayed a strong positive correlation (Figure 2C). Our
results in the burned skin also indicated that PU.1 had a
quite strong positive correlation with both S100A8 and
S100A9 (Figure 3D, 3E). Chromatin Immunoprecipitation (ChIP) was used to validate the binding of
PU.1 with the promoters of S100A8 or S100A9. We
observed high abundances of both S100A8 and S100A9
promoter sequences in PU.1-antibody-precipitated DNA
mixture (Figure 3F, 3G).
Like expression patterns of S100A8 and S100A9, PU.1
was significantly upregulated in burned skin tissues and

thermal-stimulated keratinocytes (Figure 4A–4C).
Moreover, overexpression of PU.1 promoted expression
of S100A8 and S100A9 (Figure 4D), cell proliferation
and invasion (Figure 5A, 5B), expression of EMT
marker proteins (Figure 5C), as well as the nuclear
translocation of Snail (Figure 5D) in a dose-dependent
manner. These data demonstrated that PU.1 was a
transcription factor of both S100A8 and S100A9, and it
played a promoting role in EMT of keratinocytes.
PU.1-/- displayed lower ability of scar formation, and
s100a8 and s100a9 promoted scar development in
PU.1-/- burn model mice
Finally, we investigated whether the promoting effect of
PU.1 on S100A8/9 expression and their mediated
keratinocyte EMT conferred its contribution to scar
formation in vivo. Quite lower expression levels of

Figure 2. S100A8 and S100A9 promote cell proliferation, expression of EMT marker proteins, and cell invasion in primary
keratinocytes. Human primary keratinocytes were treated with 1 μg of rS100A8, 1 μg of rS100A9, 0.5 μg of rS100A8 plus 0.5 μg of rS100A9,
or 1 μg of rS100A8 plus 1 μg of rS100A9, heat-inactivated rS100A8/rS100A9 were applied as a negative control. After incubation for 48 h, (A)
cell number, (B) expression levels of EMT marker proteins, (C) proportion of CD44+CD24- cells, and (D) cell invasion, were respectively
detected with automatic cell counter, Western blotting, FACS, and Transwell migration assay. *P < 0.05 vs. control, #P < 0.05 vs 1 μg rS100A8,
$P < 0.05 vs. 0.5 μg rS100A8 + 0.5 μg rS100A9.
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S100A8 and S100A9 were observed in PU.1-/- mice
(Figure 6A). Then, deep second-degree burn model was
established in WT and PU.1-/- mice. Our results showed
that, compared with the WT mice, PU.1-/- mice
displayed much lower levels of S100A8, S100A9 and
EMT marker proteins p-Snail and vimentin (Figure 6B)
and shorter time of wound healing (Figure 4G), reduced
ability of scar development, manifested by smaller scar
volume, thickness, and collagen content (Figure 6D–
6G). Overexpression of S100A8 or S100A9 alone
partially rescued the reduced expression of EMT
markers and scar formation ability, and overexpression
of both almost rescued those indexes above
(Figure 6D–6G).

DISCUSSION
S100A8 and S100A9 have been famous for their vital
catalytic role in chronic inflammatory diseases. Like
most studies on regulators in scar formation, which is

also regarded as a chronic inflammatory fibrotic disease
in the skin, the research focus is also mainly on their
role in fibroblast behaviors. In this study, we showed
that S100A8 and S100A9 were significantly increased
in post-burn skin and thermal-stimulated epidermal
keratinocytes, and they promoted EMT of keratinocytes
and scar formation. Although there were rare reports on
the role of S100A8/A9 in regulating epidermal
keratinocyte functions in burn wounded skin, studies on
other pathological processes in the epiderma revealed
similar functions of S100A8/A9 to the results of our
study. For example, in epidermal squamous cell
carcinoma, exogenous S100A8/A9 treatment stimulated
keratinocyte growth and migration through activated a
serious of kinases [13]. Another three studies on
different dermatitis, including atopic dermatitis,
psoriasis, and epidermodysplasia verruciformis,
indicated that S100A8/A9 were upregulated in
keratinocytes in response to pathological stimulations
and they formed heterodimer to contributed greatly to

Figure 3. PU.1 was positive associated with expression of S100A8/9 and identified as a transcription factor of them.
(A) Transcriptionally activity of PU.1 on (A) S100A8 and (B) S100A9 gene promoters was detected by luciferase reporter gene assay. Pearson
correlation coefficient assay was used to evaluate the correlations of (C) S100A8 and S100A9 expression levels, (D) S100A8 and PU.1
expression levels, and (E) S100A9 and PU.1 expression levels. ChIP-qPCR assay was used to validate the binding of PU.1 with (F) S100A8
promoter and (G) S100A9 promoter. **P < 0.01.
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cell migration and inflammation in dermal keratinocytes
[14, 15].
EMT confers to the biological process of the
transformation of epithelial cells into mesenchymal

phenotype cells, which plays an important role in
embryonic development, chronic inflammation, tissue
remodeling, cancer metastasis and many kinds of
fibrotic diseases. Epithelial cells lose cell polarity and
junction with basement membrane, and obtain higher

Figure 4. PU.1 was upregulated in burned skin and promoted expression of S100A8/A9. (A) Representative blots for PU.1 in
burned and matched normal skin tissues from burn patients. (B) Comparison of PU.1 in burned and matched normal skin tissues of 38
patients. Primary keratinocytes were treated with PU.1 adenoviral expression vector at amounts of 0.1, 0.5 and 1 μg. Empty adenoviral
vector was applied as a negative control. After transfection for 48 h, expression levels of (C) PU.1 protein and (D) EMT marker proteins in
thermal-stimulated keratinocytes at different time points. *P < 0.05 vs. 0 h or Vector, #P < 0.05 vs. 6 h or 0.5 μg/mL.
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migration and invasion, and extracellular matrix
degrading ability through EMT, accompanied by
decreased expression of cell adhesion molecules and
increased expression of fibrogenic surface molecules
and cytoskeletal proteins, such as α-SMA and vimentin
[16]. Some studies revealed that EMT of keratinocytes
is a key event in scar formation, and inhibition of EMT
was recently proposed as a novel therapeutic target for
scar development [17–19]. Snail (encoded by SNAI1
gene) is a family of Zinc finger proteins and
transcription factors that promote the repression of the
adhesion molecule E-cadherin to regulate EMT during
embryonic development and many pathological
processes [20]. Many members of S100 family,
including S100A8 and S100A9, have been involved in
EMT in multiple types of cells [21–24]: S100A4 was
associated with expression of Snail in human cancers
and atrial fibrillation. In this study, we identified
S100A8 and S100A9 as positive regulators of Snail,
enhancing its phosphorylation and nuclear translocation

to promote EMT of epidermal keratinocytes and scar
development in vivo.
PU-box protein 1 (PU.1) or spleen focus forming virus
(SFFV) proviral integration oncogene (SPI1), is an
ETS-domain transcription factor and master gene in
regulating myeloid and B-lymphoid cell development.
A couple of recent studies revealed that PU.1 played an
important role in wound healing and tissue fibrosis [25–
27]. However, the exact of PU.1 in regulating wound
healing and skin fibrosis is still unclear. In this study,
we found that PU.1 was significantly upregulated in
post burn skin and thermal stimulated dermal
keratinocytes, it directly bound to the promoter of both
S100A8 and S100A9 genes and promoted their
expression, enhancing their mediated EMT of
keratinocytes and scar development. There have been
two studies reporting the regulatory role of PU.1 on
S100A9 expression at the transcriptional level in
chronic inflammation processes during aging and

Figure 5. PU.1 promoted cell proliferation, invasion, and expression of EMT in human epidermal keratinocytes in vitro.
Primary keratinocytes were treated with PU.1 adenoviral expression vector at amounts of 0.1, 0.5 and 1 μg. Empty adenoviral vector was
applied as a negative control. After transfection for 48 h, (A) cell number, (B) cell invasion, (C) expression levels of EMT marker proteins, and
(D) nuclear translocation of p-Snail were respectively detected with automatic cell counter, Transwell migration assay Western blotting, and
immunofluorescence assay. *P < 0.05 vs. Vector, #P < 0.05 vs. 0.1 μg/mL, $P < 0.05 vs. 0.5 μg/mL.
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progression of promyelocytic leukemia [28, 29], but our
data showed that PU.1 not only transcriptionally promoted
expression of S100A9 but also S100A8 in humans and
mice. In fact, existing studies have suggested that S100A8
and S100A9 not only functioned synergistically but also
displayed high synergy in expression.

In conclusion, S100A8 and S100A9 promoted the
phosphorylation and nuclear translocation of Snail
protein, EMT of epidermal keratinocytes and enhanced
scar development. Moreover, they display high synergy
in expression, which are transcriptionally regulated by
PU.1.

Figure 6. S100A8 and S100A9 promoted scar development in PU.1-/- burn model mice. (A) expression of PU.1, S100A8 and S100A9
proteins in the skin of WT and skin-specific PU.1 knockout (PU.1-/- or ΔPU.1) mouse. The effect of overexpression of S100A8 or/and S100A9
on (B) expression of EMT marker proteins, (C) time of wound healing, (D) histopathological changes (by HE staining), (E) scar volume, (F) scar
thickness, and (G) contents of collagens in PU.1-/- burn model mice. *P < 0.05 vs. WT, #P < 0.05 vs. ΔPU.1+Vector.
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MATERIALS AND METHODS
Tissue specimens
A total of 38 tissue specimens were collected from 21
male and 17 female patients (aged 30.1 ± 5.9 years),
with second- and third-degree burns admitted within 24
h post burn injury, at the Department of Dermatology,
the Second Affiliated Hospital of Xi’an Jiaotong
University (Xi’an, China) between Feb, 2017 and May,
2018. Patients with the following exclusion criteria
were excluded: severe complications of burns, longterm hormone intake or drug addiction, malignant
tumors, and receipt of chemoradiotherapy. During
dealing with wounds, burned skin tissues and adjacent
normal control skin tissues were respectively obtained.
The protocols were approved by the Ethics Committees
of the Second Affiliated Hospital of Xi’an Jiaotong
University, and all the subjects gave informed consent.
Culture of primary epidermal keratinocytes and
thermal stimulus
Primary epidermal keratinocytes were derived from
normal human skin collected from patients who had
undergone plastic surgery procedures. The derived
tissues were dissected and cut into small pieces, washed
with phosphate-buffered saline, and then digested with
0.25% Dispase II (Sigma-Aldrich, Darmstadt,
Germany) overnight at 4° C. Then, the suspension was
digested with 0.25% trypsin (Sigma-Aldrich) for 30
min. The isolated cells were screened with 70-μm filters
to obtain keratinocytes, which were cultured in
Dulbecco's modified Eagle's medium (Thermo Fisher
Scientific, Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS; Sigma-Aldrich) at 37° C
in an atmosphere with 5% CO2. For thermal stimulus,
cell cultures were placed into a water heater tank and
incubated at 52° C for 30 s, and then cultured in the
normal conditions for different time.

vectors or siRNAs were transfected into dermal
keratinocytes by using the Lipofectamine®3000 reagent
(Thermo Fisher Scientific). Recombinant proteins were
transfected with BioTrekTM (Stratagene, Agilent, Palo
Alto, CA, USA).
Cell proliferation and invasion
The epidermal keratinocytes were seeded at a density of
104 cells/well into 96-well plates. Following incubation,
cell number was counted with a Cell Counting
Instrument (Countess™ II FL, Thermo Fisher
Scientific).
Cell invasion was detected with Transwell Cell assay
using Matrigel-coated Transwell chambers (8.0 µm,
Corning, Kennebunk, ME, USA), respectively. After 48
h of transfection, 105 cells were plated in the wells
above in 200 µL serum-free medium, and 800 µL of
medium supplemented with 10% FBS was added to the
bottom wells. After incubation at 37° C with 5% CO2
for 48 h, the Transwell membrane was fixed with
methanol for 20 min, stained with 0.1% crystal violet,
and counted the cell numbers of 5 fields (upper and
lower, left and right, middle) to obtain the mean value
via light microscopy.
Quantitative polymerase chain reaction (qPCR)
Total RNA from the tissues and keratinocytes was
extracted by using the Total RNA Purification Kit
containing DNase I (Promega Corporation, Madison,
WI, USA), and then applied in cDNA synthesis. RNA
abundances were detected using a final volume of 25µL reaction system containing SYBR ExScript qPCR
kit (Takara, Dalian, China) in an IQ5 system (Bio-Rad).
The reaction system was incubated under the following
conditions: 95° C for 3 min, followed by denaturation at
94° C for 15 s, annealing at 55° C for 25 s and
extension at 72° C for 15 s for 35 cycles. 18S RNA was
used as an internal reference gene control.

Cell incubation with recombinant proteins,
overexpression vectors or siRNAs

Western blotting

Adenoviral expression vector containing human PU.1
(Ad-PU.1), mouse s100a8/a9 (Ad-s100a8 and Ads100a9), and their negative control (empty adenoviral
plasmid) were purchased from Sangon Biotech
(Shanghai, China). Short interfering RNA (siRNAs)
were designed and synthesized and validated by
RiboBio Co., LTD (Guangzhou, China). Human
recombinant S100A8 and S100A9 proteins (rS100A8
and rS100A9) were purchased form Abnova
Corporation (Chinese Taipei). Epidermal keratinocytes
were subgrown in 6-well plates at a density of 2 × 105
cells/mL. On reaching about 70% confluence, the

Total Protein Extraction Kit (Promega) was used to
extract total protein. Twenty-five micrograms of protein
sample were separated by polyacrylamide gel at 130 V
for 2 h and then electro-transferred onto the
polyvinylidene fluoride membrane (Millipore, Boston,
MA, USA). The following primary antibodies (Abcam,
Cambridge, UK) were respectively used to incubate
with the membrane at 4° C overnight: Rabbit polyclonal
antibody to phosphorylated SNAIL (p-Snail S246,
1:500 dilution, ab63568), Rabbit monoclonal antibody
[E184] to α-SMA (1:400, ab209435), Rabbit polyclonal
antibody to Vimentin (1:600, ab137321), Rabbit
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monoclonal antibody [EPR22624-20] to PU.1 (1:300,
ab227835), Rabbit monoclonal antibody [EPR3554] to
MRP8/S100A8 (1:300, ab219370), Rabbit monoclonal
antibody [EPR22332-75] to S100A9 (1:300, ab242945),
and Rabbit monoclonal antibody [EPR16769] to βActin (1:800, ab179467). After incubation with
appropriate
secondary
antibodies
(horseradish
peroxidase-conjugated Goat-anti-Rabbit IgG) at 37° C
for 1 h. After elution, the abundances of the proteins
were detected using a ChemiDoc XRS Imaging System
(Bio-Rad).
Prediction and validation of PU.1 binding to the
promoter regions of S100A8/S100A9
The co-expression of PU.1 and S100A8/S100A9 was
evaluated by the online bioinformatics tool ChIPBase
version 2.0 (http://rna.sysu.edu.cn/chipbase/). PU.1
binding motif was also searched on the promoter
regions of S100A8/S100A9 using ChIPBase 2.0.
ChIP assay was performed to validate the binding of
PU.1 with the promoter sequences of S100A8 or
S100A9 using ChIP-IT Expression Chromatin Immunoprecipitation Kits (Active motif, Carlsbad, CA, USA).
In brief, cells were fixed with 4% formaldehyde for 10
min. 100 ~500 bp DNA fragments were obtained from
lysed cells by ultrasonic crushing. The immunocomplexes were precipitated using PU.1 antibody and
normal serum IgG through rotational incubation at 4° C
overnight. The same amount of chromatin not incubated
with antibodies was used as the input control.
Enrichment of promoter sequences of S100A8 or
S100A9 was then detected with qPCR in the
precipitated DNA.
Luciferase reporter gene assay was used to evaluate the
transcription regulatory activity of PU.1 on
S100A8/S100A9 genes. Vectors containing different
truncated promoter sequences were cloned and inserted
into pGL3-basic vector (Promega, Madison, WI, USA)
with PU.1 at the upstream. The assay was performed
according to the manufacturer’s instructions.
Establishment of experimental burn model in wild
type and PU.1 knockout mouse

After adaptive feeding for two weeks, deep seconddegree experimental burn model was established: mice
were intraperitoneally injected with 7% chloral hydrate,
and the injection volume was 5 mL/kg. After successful
anesthesia, hair on the back of the mice was removed to
expose the skin, and then sterilized with 75% ethanol.
Then the back of the mice was contacted with a 92° C copper cylinder with 1.5 cm bottom diameter for 4 s,
resulting in burn wound. Adeno-associated-viral vectors
delivering S100A8 or/and Ad-S100A9 were locally
injected into the epidermis at 24 h before burn. After the
burn wound of the mice was healed, the formation of
scar on the back of the mice were observed regularly.
Until the scar height increases no more, the mice were
sacrificed, and the keloids were carefully obtained for
measurement of the scar thickness at the lowest and
highest sites, the scar volume, and the content of total
collagens. And skin tissues (with an area of ~1 cm2)
were collected for histological examination with HE
staining) and expression of related proteins with
Western blotting.
Immunofluorescence assay for the colocalization of
S100A8/A9 proteins and translocation of Snail
protein
The cell climbing sheets were quenched with 3%
hydrogen peroxide for 15 min, blocked with normal
goat serum for 30 min to eliminate non-specific binding
and then incubated overnight at 4° C with primary
immunofluorescence-labelled
antibodies
against
S100A8 (Anti-S100A8/MRP8 Antibody clone CF-145,
FITC, Product# ALS12499), S100A9 (Anti-S100A9
Polyclonal Antibody, FITC, Product# PA1-46489,
Invitrogen) or Snail (Mouse monoclonal Antibody
[CL3700] to SNAIL-N-terminal, ab224731). The next
day, the sheets were washed in PBS and incubated in
ABC (PK-6100 Elite ABC Kit; Vector Laboratories) for
30 min. Following washing in PBS, DAB solution
(SK4100; Vector Laboratories) was used to incubated
with the sheets for 5 min, followed by hematoxylin
staining. Finally, the sheets were counterstained with
hematoxylin and images were taken with a FSX100
microscope (Olympus, Tokyo, JPN) and analyzed by
Image-Pro Plus 6.0 system.
Fluorescence activated cell sorting (FACS)

Clean-grade wild type (WT) and skin-specific PU.1
knockout (PU.1-/- or ΔPU.1) BALB/c mice (about 20 g)
were purchased from Laboratory Animal Center,
Shanghai Institutes for Biological Sciences (Shanghai,
China). For the generation of ΔPU.1 mouse, in brief,
keratin14-CRE transgenic tool mice and PU. 1
conditional knockout (PU.1loxp/loxp) mice mated two
generations to obtain the mice with PU. 1 gene specific
deletion in keratinocytes from embryonic day 14.5.
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FACS was used to verify the purity of isolated primary
keratinocytes (based on keratinocytes specific surface
marker proteins cytokeratin-14/CK-14 and p63) and
EMT phenotype of primary keratinocytes treated with
different recombinant proteins (based on EMT marker
proteins CD44 and CD24). In brief, keratinocytes were
tagged with either green or red FITC-antibodies and
then analyzed with a Attune™ NxT Flow Cytometer

AGING

(Invitrogen). The ratio of CK-14+p63+ cells represent
the purity of keratinocytes, and higher percentage of
CD44+CD24- indicates higher EMT level of
keratinocytes.
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SUPPLEMENTARY MATERIALS
Supplementary Figures

Supplementary Figure 1. Dual fluorescent antibodies, specific surface marker proteins cytokeratin-14 (CK-14) and p63, were
used to label the keratinocytes, and FACS was used to verify the purity of isolated primary keratinocytes, the 2 nd passage,
and the 3rd passage.

Supplementary Figure 2. Sequence analysis for the promoter region of s100a8 and s100a9 genes. (A) The position of PU.1
binding motif at s100a8 promoter region; (B) The position of PU.1 binding motif at s100a9 promoter region.
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Supplementary Tables
Supplementary Table 1. Overview of co-expression patterns (log2-scale) between SPI1 and S100S8 in
10 tissues.
Tissues
Blood
Skin mixed tissue
Brain mixed tissue
Blood vessel mixed
tissue
Heart mixed tissue
Stomach tissue
Adipose mixed tissue
Muscle tissue
Spleen tissue
Colon tissue

Sample number
444
813
1146

Pearson coefficient r
0.9261
0.685
0.5211

p-value (t-test, 2 tail)
3.6E-189
1.14E-113
8.59E-81

604

0.6012

1.26E-60

376
173
515
396
99
304

0.6809
0.7796
0.4698
0.474
0.772
0.4856

1.52E-52
1.39E-36
1.22E-29
1.41E-23
8.49E-21
2.18E-19

Supplementary Table 2. Overview of co-expression patterns (log2-scale) between SPI1
and S100S9 in 10 tissues.
Tissues
Blood
Skin mixed tissue
Brain mixed tissue
Blood vessel mixed tissue
Heart mixed tissue
Stomach tissue
Adipose mixed tissue
Muscle tissue
Spleen tissue
Liver tissue

www.aging-us.com

Sample number
444
813
1146
604
376
173
515
396
99
110

15537

Pearson coefficient r
0.9505
0.7012
0.5261
0.7186
0.7644
0.8133
0.5597
0.5243
0.8142
0.7945

p-value (t-test, 2 tail)
1.8E-226
2.7E-121
1.48E-82
5.1E-97
2.82E-73
4.46E-42
8.64E-44
2.44E-29
1.23E-24
3.87E-25
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