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Abstract

Pathologic skin scarring presents a vast economic and medical burden. Unfortunately, the
molecular mechanisms underlying scar formation remain to be elucidated. We used a hypertrophic
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scarring (HTS) mouse model in which Jun is overexpressed globally or specifically in a-smooth
muscle or collagen type I-expressing cells to cause excessive extracellular matrix deposition

by skin fibroblasts in the skin after wounding. Jurn overexpression triggered dermal fibrosis by
modulating distinct fibroblast subpopulations within the wound, enhancing reticular fibroblast
numbers, and decreasing lipofibroblasts. Analysis of human scars further revealed that JUN is
highly expressed across the wide spectrum of scars, including HTS and keloids. CRISPR-Cas9—
mediated JUN deletion in human HTS fibroblasts combined with epigenomic and transcriptomic
analysis of both human and mouse HTS fibroblasts revealed that JUN initiates fibrosis by
regulating CD36. Blocking CD36 with salvianolic acid B or CD36 knockout model counteracted
JUN-mediated fibrosis efficacy in both human fibroblasts and mouse wounds. In summary, JUN is
a critical regulator of pathological skin scarring, and targeting its downstream effector CD36 may
represent a therapeutic strategy against scarring.

INTRODUCTION

The medical and economic burden of scars and their sequelae is extensive (1); in the United
States alone, more than 100 million new scars are formed every year as a physiological
response to cutaneous injury (2). The resulting fibrotic scar tissue is abnormal in both

form and function and has the potential to cause devastating disfigurement and permanent
functional loss (3). Fibrosis exists as a spectrum: from scarless healing in mammalian fetal
skin (4) to normal scarring in healthy postnatal skin to excessive scarring in hypertrophic
scars (HTSs) and keloids (5). Despite the prevalence of scars and an abundance of treatment
options, no current molecular therapies effectively prevent or reverse scarring (6). Hence,
there remains a critical need to elucidate the key mechanisms mediating scar formation.

Fibroblasts are chiefly responsible for dermal regeneration and repair and appear within
wounded skin 2 to 5 days after injury (7). By 7 days, after a period of cellular

replication and migration, fibroblasts become the dominant cell population within the
wound and synthesize large volumes of extracellular matrix (ECM) (8). Recent literature
has highlighted the existence of multiple fibroblast subpopulations with distinct roles in
wound repair (9-11). We have previously described a profibrotic fibroblast lineage in the
mouse dorsal dermis marked by embryonic expression of Engrailed-1, which produces
ECM in both acute and chronic fibroses (10). However, precisely how specific fibroblast
subpopulations change throughout the wound healing process remains unknown. Elucidating
the contributions of fibroblast subpopulations to scarring would facilitate the therapeutic
targeting of distinct cell subsets to potentially prevent or even reverse scarring.

JUN is a major component of the heterodimeric transcription factor AP-1 and a critical
driver of tissue scarring (12). We recently demonstrated that Jun is predominantly expressed
in fibroblasts, that fibroblasts are selectively responsive to Jun expression, and that JUN is

a key driver of systemic scarring in multiple organs of mice and humans (12-15). Here,

we explored the molecular mechanisms by which Jun promotes cutaneous scarring using
several transgenic mouse models and human scar (hSc)—derived fibroblasts. We demonstrate
that blocking the downstream target CD36 with either salvianolic acid B (SAB), short
hairpin RNA (shRNA) knockdown, or a CD36 knockout (KO) mouse model counteracts
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JUN-mediated fibrosis in both human fibroblasts and mouse wounds. Identification of the
transcriptional pathways through which Jun promotes fibrosis reveals potential therapeutic
agents for the treatment of pathologic skin scarring.

RESULTS

Jun overexpression promotes scar formation

Following the observation that JUN is highly expressed in dermal wounds of mice (fig.
S1A), we explored the profibrotic effects of JUN on wound healing by developing
transgenic tetracycline-inducible JUN mice (c-Jun®e© R26-rtTA) (12). These mice
ubiquitously express the reverse tetracycline transactivator (rtTA) from the Rosa26 locus

and the tetracycline operator minimal promoter (tetOP). Upon administration of tetracycline
or tetracycline derivative such as doxycycline (“dox’), rtTA binds to the tetOP promoter and
induces Jun expression (Fig. 1A and table S1). Control mice (Rosa26-rtTA) have the rtTA
construct but lack c-Jun'®© and thus exhibit physiologic JUN expression with or without dox
induction.

Full-thickness stented excisional wounds were created on the dorsum of JUN (c¢-Juné®©
R26-rtTA) and Control (RosaZ6-rtTA) mice. Wounds were injected with dox (20 pl, 2
mg/ml) on the day of wounding [postoperative day (POD) 0] and then on alternate days
until POD 14 (Fig. 1B). Gross assessment of wound size revealed that JUN overexpression
resulted in HTS formation at POD 14 but did not change the overall time to complete wound
closure (Fig. 1C and fig. S1, B to D). Hematoxylin staining showed that JUN overexpression
led to both dermal and epidermal thickening, with scars resembling the whorl pattern
characteristic of human HTS (P < 0.05) (Fig. 1, D and E, and fig. S1E) (8). In addition,

JUN wounds showed greater epithelization than Control wounds at POD 14 (fig. S1F). Dox
dosing and titration regimens were optimized by evaluating the effect of dox at 0.1, 2, and 4
mg/ml on JUN wounds. Because of the toxicity observed at 4 mg/ml and the minimal effect
of JUN induction with 0.1 mg/ml, a dosing of 2 mg/ml was implemented throughout the
study (Fig. 1E).

Systemic induction of JUN expression is known to induce severe multiorgan fibrosis (12).
Here, we show that wounds in mice with inducible JUN expression healed with excess
collagen deposition (P< 0.01) (Fig. 1F). We found a significantly greater density of collagen
I and 111 staining in JUN wounds compared to Control wounds at POD 14 (P < 0.05)

(Fig. 1G). Furthermore, treatment of dorsal dermal wounds in wild-type mice with a JUN
inhibitor (T5224) supported the critical role of JUN in skin scarring; these wounds yielded
significantly thinner dermal scars with less collagen deposition (P < 0.05) (fig. S1G). In
addition, CD31 staining showed greater vessel formation after JUN induction (Fig. 1G).
Vascular endothelial growth factor gene expression was significantly greater in fibroblasts
derived from wounds of JUN mice compared to Control mice (P < 0.05) (fig. S1H),
suggesting that Jun overexpression promoted the increased vessel formation in the wounds.

Computational analysis of wound ECM architecture from Picrosirius red imaging
demonstrated differences in the collagen fiber organization and brightness in JUN mice.
Picrosirius red staining showed brighter collagen fibers in JUN mice (Fig. 1H). Furthermore,
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collagen fibers were longer, showed greater branching, and were wider and greater in
number in JUN mice, suggesting fibrotic ECM formation with JUN overexpression (P <
0.05) (Fig. 1H). In summary, these data support a role for JUN expression in promoting HTS
in the mouse dermis.

Jun drives fibrosis through a specific reticular fibroblast subpopulation

Four functionally distinct fibroblast subpopulations with unique surface marker expression
have previously been identified in the unwounded mouse dermis: papillary (superficial,
PDGFRa*CD26"Blimp*Lrig*Scal”), reticular (deep dermal, PDGFRa*Dlk1*Scal”),
zigzag (hair follicle associated, PDGFRa*CD26~Sox2"), and adipocyte precursors or
“lipofibroblasts” (residing below the reticular layer, PDGFRa*CD26~Scal*DIk1*/) (16, 17).
To explore the relative proportions of these putative fibroblast subgroups during the wound
healing process, we evaluated the prevalence of cells with each surface marker profile using
fluorescence-activated cell sorting (FACS) in JUN and Control mice on POD 0 (baseline),

1 (early inflammatory phase), 7 (proliferative phase with fibroblast migration into wound
beds), and 14 (wound closure) (Fig. 2A and fig. S2, A and B) (9). There was a significant
increase in reticular fibroblasts (and decrease in lipofibroblasts) in JUN compared to Control
mice only at POD 7 (P< 0.001) (Fig. 2B); by POD 14, the contributions of lipofibroblasts
and reticular fibroblasts were similar in both groups. The proportions of wound zigzag and
papillary fibroblasts also did not differ between JUN and Control mice at POD 14 (fig. S2B).
Myofibroblasts are marked by a—smooth muscle actin (a-SMA) and excessive ECM and
have contractile properties (18). Immunofluorescence showed less staining for adiponectin
and increased staining for a-SMA in JUN mice in POD 7 (Fig. 2C), suggesting that JUN
may activate fibroblasts toward a profibrotic myofibroblast phenotype.

Resident and infiltrating immune effector cells are known to act in conjunction with dermal
fibroblasts to orchestrate cutaneous tissue repair (19, 20). The effects of JUN overexpression
on wound fibroblasts may be driven primarily within the fibroblasts themselves or mediated
through their interactions with immune cells. Hence, wounds were analyzed at POD 0, 1, 7,
and 14 by FACS to compare the immune profiles of wounds from JUN and Control mice
(Fig. 2D and fig. S2C). There were significantly more immune cells in JUN mice on POD
14 (P<0.01) (Fig. 2D). However, there were no changes in monocytes or lymphocytes (Fig.
2D). These results were confirmed by immunofluorescence staining (Fig. 2D). To determine
whether the increase in total immune cells with JUN overexpression was responsible for the
observed wound scarring, we conducted bone marrow transplantation assays on parabiotic
mice (Fig. 2, A and E to G). Despite chimerism and the presence of JUN immune cells in
the wounds of Control parabiont mice throughout wound healing (Fig. 2F), the wounds of
Control parabionts did not heal with excessive fibrosis (Fig. 2G and fig. S2D) and appeared
similar to the wounds of Control mice.

Many cell types contribute to skin fibrosis after tissue injury, including fibroblasts, immune
cells, endothelial cells, and keratinocytes (4). The parabiosis experiments above confirmed
that JUN overexpression—induced dermal scarring was not attributable to changes in immune
cells. In contrast, it is possible that JUN overexpression may have modulated keratinocytes
within the healing wounds, because there was significantly greater wound epithelization
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in JUN mice compared to Control (P< 0.0001) (fig. S1F). Hence, to further confirm

that the Jun overexpression—induced dermal fibrotic response was primarily due to wound
fibroblasts, we generated a transgenic mouse that used fibroblast-specific JUN induction
(fig. S3).

The fibroblast-specific marker a.-SMA was chosen because of its role in inducing dermal
scarring through excessive ECM deposition (21). Furthermore, JUN mice showed greater
a-SMA protein expression than Control mice at POD 14 after wounding (fig. S3A).

First, a-SMACTEER transgenic mice were crossed with ROSA26™MTMS reporter mice. Upon
administration of tamoxifen, Cre recombinase removes the floxed Rosa26™7/MC cassette,
resulting in expression of targeted enhanced green fluorescent protein (eGFP). The a.-
SMACTEER R0osa26™ /MG mice were then crossed with JUN mice to obtain triple-positive
offspring (a-SMACTCER Rosa26MT/MG JUN), which overexpressed JUN in a-SMA—positive
cells after dox induction; these triple-positive mice are referred to as JUN-Fib (table S1).
The JUN-Fib mice that received phosphate-buffered saline (PBS) are the corresponding
control mice and are referred to as Control-Fib mice.

After 5 days of intraperitoneal tamoxifen injections, full-thickness excisional wounding on
the dorsum of JUN-Fib mice was performed. Following the same protocol, dox (20 pl, 2
mg/ml) injections were administered on the day of wounding (POD 0) and then on alternate
days until POD 14 to induce Jun overexpression (fig. S3B). The resulting fibroblast-specific
JUN induction caused a similar HTS phenotype by gross photography as those observed in
JUN mice (fig. S3C), which was not seen in Control-Fib mice. JUN-Fib mice demonstrated
thicker scars with greater collagen deposition than Control-Fib wounds (*P < 0.05; fig. S3D
and table S1). These data indicate that the JUN fibrotic response was primarily mediated by
fibroblasts. There were similar increases in gene and protein expression of collagen | and
Il in JUN-Fib mice as those observed in JUN mice (fig. S3, E and F). Furthermore, the
decrease in lipofibroblasts and increase in reticular fibroblasts observed at POD 7 in JUN
mice were also observed in JUN-Fib at POD 7 and 14 (fig. S3G), without any change in the
immune cells (fig. S3H).

Because a-SMA may also be expressed in vascular smooth cells, we performed the same
analysis with an additional transgenic mouse that used collagen type | (COL1) as the
specific fibroblast marker (fig. S4). First, Col1CER Rosa26MT/MG mice were crossed with
JUN mice, with the triple-positive offspring (Col1¢ER Rosa26™MT/MG JUN) overexpressing
JUN in COL1-positive cells, after dox and tamoxifen induction (fig. S4A). The COL1-
specific JUN induction led to a similar hypertrophic wound healing response by gross
photography and histology (fig. S4, B to G) as observed in JUN (Fig. 1) and JUN-Fib mice
(fig. S3). Second, there was a similar decrease in lipofibroblasts and increase in reticular
fibroblast number at POD 7 and 14 (fig. S4F) as those observed in JUN (Fig. 2B) and
JUN-Fib mice (fig. S3G), without any change in immune cells (Fig. 2D and figs. S3H and
S4H). In summary, these data demonstrate that the fibrotic effect of Jun overexpression in
dermal wounds is due to fibroblasts.
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Jun up-regulates fibrotic signaling pathways in reticular fibroblasts and PPARy signaling
in lipofibroblasts

To understand the molecular mechanisms underlying the cellular changes evident on POD
7, we profiled the gene expression and chromatin accessibility landscape of reticular and
lipofibroblast subpopulations FACS-isolated from JUN and Control mouse wounds (Fig.
3A) and performed hierarchical clustering of biological replicates for both RNA sequencing
(RNA-seq) and assay for transposase-accessible chromatin sequencing (ATAC-seq) data
based on Jun induction (fig. S5A). Principal components analyses (PCAs) showed that

Jun induction state was the main contributor driving the clustering of JUN and Control
fibroblasts in both RNA- and ATAC-seq data (fig. S5B).

RNA-seq analysis of lipofibroblasts indicated that there were similar numbers of up-
regulated (1150) and down-regulated (1340) transcripts [false discovery rate (FDR) < 0.01,
fold change > 2] (Fig. 3B). In addition, RNA-seq analysis of reticular fibroblasts (FDR

< 0.01, fold change > 2) also demonstrated similar numbers of up-regulated (2024) and
down-regulated (2529) transcripts in JUN as compared to Control (Fig. 3B).

Although ATAC-seq analysis showed many differential accessible regions between JUN
and Control lipofibroblasts, there were far more closing regions (2590 peaks) in JUN than
opening regions (336 peaks) (FDR < 0.01, fold change > 2) (Fig. 3B). ATAC-seq analysis
also showed a larger number of closing regions (3151 peaks) in JUN reticular fibroblasts
than opening regions (1040) (FDR < 0.01, fold change > 2) (Fig. 3B). Junis an AP-1 family
member that dimerizes with other AP-1 family transcription factors (12). Overexpression
of Junin reticular and lipofibroblasts may perturb the natural pairing of such transcription
factors and inhibit them, resulting in the observed greater number of closing than opening
regions (22). Most of the differential accessible regions between JUN and Control in both
lipofibroblasts and reticular fibroblasts were distal (>1-kb distance) from transcription start
sites (TSSs) (fig. S5C).

Gene set enrichment analysis of differentially expressed genes highlighted a number

of pathways up-regulated in JUN lipofibroblasts and reticular fibroblasts (Fig. 3, C

to E). For lipofibroblasts, these included “brown fat differentiation” and “peroxisome
proliferator—activated receptor (PPARY) signaling” (Fig. 3D). Within the PPARy signaling
pathway up-regulated in JUN lipofibroblasts, we found up-regulation of surface proteins
(fatty acid transport protein), as well as intracellular [fatty acid—binding protein (FABP)]
and downstream mediators [adiponectin (ADIPOQ), perilipin (PLIN1), and catabolite
activator protein] (Fig. 3D). JUN overexpression resulted in a profibrotic phenotype at

the transcriptional level in reticular fibroblasts with up-regulation of the “transforming
growth factor— (TGFp) receptor,” “Hippo,” “phosphoinositide 3-kinase—Akt/protein kinase
B,” “wingless-related integration sites (WNT),” “bone morphogenic protein (BMP),” and
“focal adhesion kinase (FAK)” signaling pathways (Fig. 3E and fig. S5D). Pathways down-
regulated in JUN mice related to immune cell function, such as “graft-versus-host diseases”
and “tumor necrosis factor (TNF) signaling” in both lipofibroblasts and reticular fibroblasts
(fig. S5, E and F).
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To further identify molecular mechanisms contributing to the observed JUN-induced
fibrotic effect, we identified genes that exhibited both differential expression and changes

in chromatin accessibility in JUN versus Control fibroblasts. JUN lipofibroblasts had 3
genes with both increased expression and opening promoter chromatin regions and 84

with decreased expression and closed promoter regions of chromatin (Fig. 3F and fig.

S5G). Similarly, JUN reticular fibroblasts had 26 genes with both increased expression

and opening promoter chromatin regions, and 94 genes had decreased expression and

closed promoter regions of chromatin (Fig. 3F and fig. S5G). Analysis of genes associated
to the distal differential accessible peaks (>1-kb distance from TSS) demonstrated an
increase in the number of common genes exhibiting both differential chromatin accessibility
and differential expression. Specifically, in the lipofibroblasts, 38 common genes were
increasing in accessibility and expression, and 213 genes were decreasing in accessibility
and expression (fig. S5H). In reticular fibroblasts, the overlapping genes increase by 233 and
555, respectively (fig. S5H).

JUN is highly expressed in human HTS fibroblasts

To derive clinically useful therapies, it is essential to determine whether JUN also drives
scarring within human HTS fibroblasts. Hence, we compared JUN protein expression in
human normal skin (hNS), scar (hSc), HTS (hHTS), and keloids (hKel) (Fig. 4A and table
S2). In patient tissue protein arrays, JUN was highly expressed in the skin, especially in
hHTS, and localized to the fibroblast nucleus (Fig. 4B). There was also increased COL1,
JUN, a-SMA, and JUN/a-SMA coexpression in hHTS compared to hSc and hNS (fig.
S6A). The degree of JUN overexpression in JUN mice (fig. S6B) was compared to that of
human tissue scars (Fig. 4B) and fibroblasts isolated from non-keloid scars (hSc) (fig. S6A).
JUN protein expression in hSc showed a similar increase compared to hNS (~20-fold) (fig.
S6B).

We next explored the role of JUN within hSc-derived fibroblasts using in vitro assays.

After primary culture of hNS, hSc, hHTS, and hKel fibroblasts, JUN expression was deleted
using CRISPR-Cas9. Genotyping showed successful mutation induced by Cas9 (fig. S6C),
and Western blotting revealed successful elimination of JUN protein expression (fig. S6C).
Cellular proliferation, apoptosis, and cytokine expression were compared between cells with
(“KO™) and without (non-KO) JUN deletion (Fig. 4C). JUN deletion decreased proliferation
and increased apoptosis in hHTS and hNS fibroblasts (Fig. 4C).

The cross-talk between fibroblasts and immune cells is integral to the inflammatory phase
of wound repair (4). Hence, we explored the effect of JUN KO on cytokine production.

JUN KO decreased the expression of numerous cytokines including plasminogen activator
inhibitor-1 (PAI-1), platelet-derived growth factor (PDGF-AA), interleukin-6 (I1L-6),
monocyte chemoattractant protein (MCP-1), and thymic stromal lymphopoietin (TSLP) (fig.
S6D). In bleomycin-induced lung fibrosis, IL-6 is both proinflammatory and profibrotic (13,
23). Collectively, these findings suggest that in human cells, JUN expression modifies the
communication between fibroblasts and immune cells.
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JUN regulates profibrotic pathways in human HTS fibroblasts at the chromatin level

To complement our mouse data, we compared gene expression and chromatin accessibility
landscapes between JUN KO and non-KO hHTS (Fig. 4D). Data quality assessment revealed
high correlation between replicates of each condition (figs. S6E and S7, A to D) and clear
distinction between JUN KO and non-KO fibroblasts in RNA-seq data (fig. S6F). ATAC-seq
data quality was assessed by TSS enrichment (fig. S7A), insert size distribution (fig. S7B),
and correlation between replicates. Replicates also had high correlation (fig. S7C), and PCA
indicated that the main driver of differences was fibroblast type, followed by JUN KO state
(fig. S7TD). The hNS, hSc, hHTS, and hKel KO and non-KO fibroblasts exhibited differently
expressed genes (Fig. 4D and fig. S6, G to I) and chromatin accessibility (Fig. 4D and fig.
ST7E).

The hSc, hHTS, and hKel fibroblasts exhibited overlapping differentially expressed genes

in JUN-KO versus non-KO, but many differentially expressed genes were unique to each
fibroblast type (fig. S6J). Gene ontology (GO) analysis of up-regulated (fig. S6K) and down-
regulated genes (fig. S6L) in hHTS versus hNS fibroblasts highlighted pathways associated
with JUN expression and fibrosis. In addition, hNS, hSc, hHTS, and hKel scars also showed
differential expression of collagen subtypes (fig. S6M). Given that JUN expression was
highly expressed in hHTS fibroblasts (fig. S6, G, N, and O) and consistent with JUN protein
expression (Fig. 4B), we focused on HTS fibroblasts (Fig. 4D).

RNA-seq analysis revealed that a total of 196 genes were down-regulated and 294 genes
were up-regulated in JUN-KO (FDR < 0.01, fold change > 2) (Fig. 4D). GO analysis
indicated that down-regulated genes were involved in scarring-related pathways (fig. S6P).
In addition, chromatin accessibility analysis indicated that JUN KO decreased accessibility
of a large number of chromatin regions (5557 peaks) in hHTS fibroblasts (Fig. 4D and

fig. STE). GREAT and HOMER analysis indicated that most differential accessible regions
were located distal from TSS (fig. S7, F and G). Motif analysis showed enrichment of 2
transcription factor motifs in opening peaks and 10 transcription factor motifs in closing
regions (fig. S7H). One of the less accessible motifs in JUN KO hHTS fibroblasts was
NFIX (nuclear factor I-C), which links PDGF and TGFp1 signaling to wound healing in
the skin, thus linking TGFp signaling and JUN (24). In addition, GO analysis of chromatin
regions exhibiting less accessibility in hHTS JUN-KO fibroblasts showed enrichment of
terms associated with wound healing, scarring, and the PDGF signaling pathway (fig.

S71). Further analysis of the RNA- and ATAC-seq data revealed that 106 genes were both
down-regulated and exhibited a decrease in chromatin accessibility (Fig. 4E), and 64 genes
were up-regulated and exhibited increased chromatin accessibility in JUN-KO compared
to non-KO hHTS fibroblasts (fig. S8, A and B). For example, collagen 12 type alpha
(COL12A) had less accessibility after JUN KO (fig. S7J). These data suggest that, as in
mouse fibroblasts, JUN is also important in mediating human dermal scarring including
keloid and HTS.

To further evaluate the potential overlap between our human and mouse findings, we used
the CIBERSORTX platform to deconvolve human bulk RNA-seq data into phenotypes based
on our mouse RNA data groups (fig. S8C). The human fibroblasts derived from non-keloid
scars and JUN reticular fibroblasts showed significant overlap in their transcriptional profiles
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(P<0.05), suggesting that the Jun mouse model has translational relevance for the study of
human skin fibrosis.

CD36 is a potential cell surface receptor target to block JUN overexpression

To identify a cell surface marker that could antagonize the effect of JUN-mediated dermal
fibrosis, we examined the 106 genes that were both transcriptionally down-regulated and
showed closing peaks after JUN KO in human fibroblasts (Fig. 4, F and G, and fig. S6Q). Of
the seven identified cell surface markers (CD36, IL-1 receptor-1, receptor tyrosine kinase—
like orphan receptor 2, oncostatin M receptor, epidermal growth factor receptor, coagulation
factor 11 receptor, and insulin-like growth factor receptor-2), CD36 was the only marker that
was found to be highly expressed in human scarring fibroblasts in vitro (fig. S8D).

To further investigate CD36 as a cell surface target to overcome JUN fibrosis, we used
chromatin immunoprecipitation sequencing (ChIP-seq) (fig. S8E). We used ChlIP analysis
of human-derived fibroblasts to confirm that the genes showing overlap in both the ATAC-
and RNA-seq mouse data are direct targets of JUN, including Cxc/1 (25), Wisp1 (26), Glis1
(27), and Daahl (fig. S8E) (28). Furthermore, CD36 was also shown to be a target of JUN in
human fibroblasts (fig. SSE).

CD36 is a transmembrane glycoprotein and class B scavenger receptor expressed in a variety
of cells including monocytes (29), macrophages (30), platelets (30), and endothelial cells
(31). CD36 is the only fatty acid transporter well known to bind components in the ECM
(32), including the ligands thrombospondin-1 (TSP-1) (30) and collagen (33). CD36 is
thought to mediate TGFP1 activation through TSP-1 (34). The pivotal profibrotic role of

the TGFpR1 isoform has been highlighted by many reviews. HTS fibroblasts have higher
concentrations of TGF mRNA than fibroblasts from normal skin (35). Activated TGFp
binds its surface receptor triggering intracellular SMAD-dependent and SMAD-independent
signaling pathways (36, 37). In the SMAD-dependent pathway, phosphorylated SMAD
proteins translocate to the nucleus to regulate the transcription of a number of ECM-

related genes, including collagen genes and PA/-1 (38). We observed a loss of PAI-1

in the supernatant of cells after JUN KO (fig. S6D). The SMAD-independent pathways
include the TGFp/mitogen-activated protein kinase pathway, one of the most common
scarring pathways, which also involves the JUN N-terminal kinase (JNK) pathway(39).
This evidence highlighted that CD36 is a potentially important cell surface marker target to
reverse skin scarring.

CD36 antagonism minimizes JUN-dependent fibroproliferative activity in human HTS

fibroblasts

We aimed to investigate the relationship between JUN and CD36 to determine whether
CD36 had potential as an antifibrotic therapeutic target. Immunofluorescence confirmed the
association between JUN and CD36 in unwounded skin fibroblasts (Fig. 4H). A recent
high-throughput screening for CD36 antagonists identified SAB, a small water-soluble
molecule isolated from the root of red-rooted salvia, as an effective agent (40). SAB has also
been linked to scarring, antioxidant, anti-inflammatory, and antiapoptotic activities (41-43).
SAB inhibits expression of many matrix metalloproteinases (44) and inflammatory factors
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and is known to inhibit the TGFB/SMAD pathway (45). Furthermore, SAB also inhibits
TNF-a~induced PAI-1 secretion in human endothelial cells (43), consistent with our finding
of reduced PAI-1 production after JUN KO in hHTS fibroblasts (fig. S6D). However, the
relationship between SAB and JUN in the context of scarring has not been elucidated.

As a first step, we investigated whether SAB treatment (100 pg/ml) could antagonize the
HTS fibroblast response and expression of JUN similarly to that after JUN deletion. Results
indicated that SAB treatment in vitro was as effective as JUN deletion in reducing CD36
gene and protein expression (Fig. 4, | and J). Furthermore, SAB reduced protein expression
of COL1 and reduced cell proliferation (Fig. 4K). TGFB1 activity in fibroblasts is associated
with scar formation (46). SAB treatment decreased 7GABI gene expression and protein
secretion in fibroblasts derived from hSc (P < 0.05) (Fig. 4K and fig. S8F). Given the known
role of SAB with reactive oxygen species (ROS) (47) and the impact of ROS on scarring, it
was interesting to find reduced ROS after SAB treatment in a manner equivalent with JUN
KO (fig. S8G).

To confirm the specificity of SAB for CD36, we evaluated the effect of CD36 sShRNA
knockdown on human-derived fibroblasts. After CD36 shRNA knockdown, COL1 and
TGFB1 gene and protein expression were reduced in hSc (P< 0.05) (fig. S9, A to C).

The reduction in COL1 and 7GAB I gene expression was comparable to that observed after
SAB treatment, supporting the specificity of SAB for CD36 (fig. S9B). In addition, TGFp1
gene and COL1 protein secretion were reduced to a similar extent as with SAB treatment
(fig. S9, A and C). By contrast, SAB had no effect on COL1 and TGF1 expression in
CD36-deficient cells (fig. S9, A and C).

To further clarify the relationship between JUN and CD36, we analyzed gene and protein
expression in hSc in vitro over a 3-day period, after inhibition of JUN (with T5224 AP1)
and CD36 (with SAB) (fig. S9, D and E). After T5224 AP1 inhibition, JUN gene and
protein expression was down-regulated at all time points, and CD36 was down-regulated
from day 2 onward (fig. S9, D and E). The inhibition of CD36 with SAB similarly showed
a significant decrease in gene and protein expression at all time points, with no changes in
JUN expression (P< 0.05) (fig. S9, D and E). These data confirm that JUN regulates CD36.

Our previous RNA-seq analysis revealed enhanced PPARy signaling within lipofibroblasts
after JUN overexpression (Fig. 3D). CD36 is known to act both as a surface receptor for
very-low-density lipoprotein (VLDL) and chylomicrons and as a more downstream mediator
in the PPAR-y pathway (48). This is consistent with our immunofluorescence staining for
CD36 in fibroblasts, which shows that CD36 is expressed both on the cell surface and in

a perinuclear manner (Fig. 4H). We observed an increase in expression of PPARy pathway
genes in lipofibroblasts from JUN mice (Fig. 3D). To further confirm the relationship
between CD36 and JUN, we compared the expression of genes in the PPARy pathway
between SAB- and KO-treated hHTS. Quantitative reverse transcription polymerase chain
reaction (RT-qPCR) analysis demonstrated significantly decreased expression of a number of
adipogenic genes involved in the PPARy pathway in hHTS after both SAB treatment and
JUN KO (P<0.05) (Fig. 4J). Furthermore, SAB significantly reduced the protein expression
of PPAR~y, PLIN1, and ADIPOQ in JUN and Control mouse wounds at POD 14 (P< 0.01)
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(fig. S9F). These data parallel the increased expression of PPARy pathway genes (PlinZ,
Fabp4, and Fabp5) seen in JUN lipofibroblasts and further support CD36 as a mediator of
JUN-dependent scarring in HTS fibroblasts.

CD36 antagonism reverses hypertrophic dermal scarring

Last, to explore CD36 antagonism in vivo, wounded JUN and Control mice were
administered either SAB (100 pg/ml in PBS) or PBS via intraperitoneal injection daily until
complete wound closure (POD 14) (Fig. 5A and fig. S9G). At POD 14, SAB-treated wounds
were less raised and erythematous than PBS-treated wounds in both JUN and Control mice
(Fig. 5, B and H), although the wound closure end points were similar (Fig. 5, B and H).
Histologically, SAB-treated wounds were thinner and composed of fewer immune cells (Fig.
5, C and I) and had less Picrosirius red (Fig. 5, D and J) and collagen | and 111 staining (Fig.
5, F and L). Furthermore, there was reduced immunostaining of CD36 after SAB treatment
at POD 14 in JUN mice (fig. S9H). Moreover, SAB treatment significantly increased the
number of lipofibroblasts and reduced the number of reticular fibroblasts in both JUN and
Control mice (P< 0.05) (Fig. 5, E and K). To ensure that SAB caused an antifibrotic effect
without anti-inflammatory effects, we analyzed the number of immune cells in Control

and JUN mice after SAB and PBS treatment. Using FACS, we showed that there were no
significant changes in total immune cells at POD 14 in Control or JUN mice (P> 0.05) (Fig.
5, G and M).

Because the small-molecule SAB inhibitor may have off-target effects, we characterized

the effect of CD36 antagonism in vivo using CD36 KO mice (fig. S10A). Specifically, we
asked whether CD36 KO wounds would heal with reduced scarring, congruent with wounds
treated with SAB. At POD 14, CD36 KO wounds were minimally raised and erythematous
(fig. S10B). Furthermore, CD36 KO wounds showed similar dermal thickness (fig. S10C),
collagen deposition (fig. S10C), and Picrosirius red staining (fig. S10C) compared to
unwounded skin. Last, there were minimal changes in COL1, COL3, and a-SMA staining
compared to unwounded skin, further supporting reduced scar formation (fig. S10D). In
summary, these data demonstrate that CD36 antagonism using SAB treatment can reduce
skin scarring during wound repair in mice (fig. S10E).

DISCUSSION

Elucidation of the key mechanisms mediating pathological wound healing has been greatly
hindered by a lack of animal models capable of recapitulating human scarring. To

date, skin fibrosis has been linked to increased mechanical strain (3, 49), up-regulation

of specific growth factors including TGF-B1 (38), and deposition of excess ECM by
specific fibroblast lineage(s) (10). In contrast, knowledge of the key molecular pathways
responsible for skin fibrosis is limited. Up-regulation of JUN overexpression has shown
to contribute to skin scarring in mice, although the mechanism by which this occurs has
not been elucidated (12, 50). Several human fibrotic diseases have also demonstrated the
up-regulation of JUN in fibroblasts including lung fibrosis, bone marrow fibrosis, and
scleroderma (12). Identifying the mechanism by which JUN induces skin fibrosis could
allow for the identification of therapeutic targets to overcome skin scarring. To understand
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the effect of JUN overexpression on skin fibrosis, we have used a unique mouse model

of hypertrophic skin scarring driven by induction of JUN overexpression upon wounding.
Using our model, we show that JUN overexpression drives scarring by acting within distinct
fibroblast subpopulations. An increase in the proportion of profibrotic reticular fibroblasts,
with up-regulation of key fibrotic signaling pathways, leads to excessive deposition of ECM,
resulting in scar formation. We translate these findings by ascertaining their relevance in
humans via loss-of-function experiments with CRISPR-Cas9, showing that JUN is required
for scarring in human skin.

To gain an understanding of the key molecular pathways acting within dermal fibroblasts
after wounding, we performed RNA- and ATAC-seq. Transcriptional analysis demonstrated
that JUN deletion in hSc-derived fibroblasts resulted in a loss of surface receptor expression.
Antagonism of CD36 in human scarring fibroblasts in vitro demonstrated that SAB

can be used to counteract scarring mediated by JUN. Furthermore, SAB treatment or

a CD36 KO mouse model reduced HTS in mice. Fatty acid translocase CD36 is a
multifunctional membrane protein that facilitates the uptake of long-chain fatty acid (51)
several studies have shown that CD36 expression may contribute to organ fibrosis (52).
Yang et al. (52) showed that knockdown of CD36 decreased renal tubule fibrosis by
suppressing TGFB1. CD36-deficient mice have also demonstrated reduced proinflammatory
and oxidative pathways in obstructed kidneys resulting in reduced collagen deposition (53).
Down-regulation of CD36 through lysophosphatidic acid has also reduced liver fibrosis

in mice (54) in the skin, CD36 expression has not been widely investigated. Hakvoort

et al. (55) reported the up-regulation of CD36 in keratinocytes in human hypertrophic

skin scars. Our study shows that JUN drives HTS, which can be alleviated through CD36
antagonism. Furthermore, we have provided evidence that JUN promotes fibrosis throughout
the spectrum of human cutaneous scarring including keloid.

A key finding from this study was the effect of JUN overexpression on the relative
proportions of lipofibroblasts and reticular fibroblasts during skin scarring. We report

a decrease in lipofibroblasts and an increase in reticular fibroblast numbers at POD 7

after wounding in JUN mice. JUN overexpression up-regulated CD36 expression and
consequentially changed the fibroblast subpopulation proportions within wounds of JUN
mice. After up-regulation of CD36 expression, there was a decrease in lipofibroblasts and
increase in scarring reticular fibroblasts. Furthermore, targeting CD36 using SAB or a CD36
KO mouse model reverses this alteration to reduce dermal scarring. The targeted modulation
of CD36 antagonism may be an effective mechanism to limit fibrosis. Nevertheless, our
study has limitations. First, we have performed most of the CD36 knockdown experiments
in mice. It is necessary to further study the consequences of targeting CD36 in in

vivo human scarring conditions and models to define the function and safety of CD36
antagonism. In addition, as a proof of concept, we used SAB to deliver CD36 antagonism

in animal models. However, the safety of SAB needs to be fully explored before clinical
translation. Next steps would be to validate our mouse data in a large animal porcine model
and then perform safety and efficacy trials of various CD36 inhibitors and doses to optimize
the potential antifibrotic effect and translation to the clinical bedside.
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In summary, our results provide a comprehensive transcriptomic and epigenomic
characterization of scarring with an in-depth analysis of HTS, highlighting how JUN
mediates scarring. JUN induces scarring by modifying the contribution of specific fibroblast
subpopulations. Future work should explore targeted modulation of JUN using CD36
antagonists, such as SAB, to modify specific fibroblast subpopulations in other pathological
fibrotic conditions.

MATERIALS AND METHODS
Study design

The goals of this study were (i) to identify HTS-promoting genes, (ii) to understand

the physiological role of JUN in HTS scarring, and (iii) to identify the potential
therapeutic targets to treat HTS scarring diseases. Human skin tissue samples were obtained
from patients undergoing plastic surgery procedures (abdominoplasty and scar revision
procedures). All tissue handling was in accordance with guidelines set by the Institutional
Review Board (IRB) under protocols for human tissue sampling approved by the Stanford
University Ethics Board (IRB #45219). A range of in vitro assays were performed to
evaluate proliferation, apoptosis, collagen production, gene expression, and chromatin
accessibility of hSc-derived fibroblasts. Murine in vivo models were used to identify

HTS scar—promoting genes. Age-matched animals were randomly assigned to control and
treatment groups. Samples sizes were calculated on the basis of previous experience. No
blinding was performed during the experimental administration of treatments to mice. All
mice were maintained and humanely euthanized at predefined study end points in the
Stanford University Comparative Medicine Pavilion in accordance with guidelines set by
the Stanford University Animal Care and Use Committee and National Institutes of Health
guidelines (APLAC#30911 and APLAC#30912).

Statistical analysis

All quantitative data were expressed as the means + SEM. Comparisons were performed
with Student’s ¢test or one-way analysis of variance (ANOVA) with post hoc analysis
using the Bonferroni correction. All statistical tests were conducted using Prism GraphPad
(www.graphpad.com/scientific-software/prism/) with significance set to £< 0.05. Graphs
were generated using Prism and Microsoft Excel (v.16.33).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Jun overexpression induces scar formation.

(A) Targeting construct of JUN doxycycline (dox)—inducible mice. In JUN mice, the
construct at the Rosa 26 locus (rTtA) is coupled with the tetracycline operator minimal
promoter (tetO) and leads to Jurn overexpression in the presence of dox (top right) but

no change to Jun expression without dox (top middle). In the Control mice, Junis
physiologically expressed due to the lack of the rtTA with (bottom right) and without

dox (bottom middle). (B) Schematic showing experimental approach: Six-millimeter stented
excisional dorsal wounds were created in JUN and Control mice. Dox (20 pl of 2 mg/ml)
was administered on the day of surgery and on alternate postoperative days (POD) until
complete wound closure (POD 14). Wounds were harvested for fluorescence-activated cell
sorting (FACS) and histology (7= 18 mice per group per time point). (C) Representative
gross photographs of healed (POD 14) wounds from JUN and Control mice receiving dox (2
mg/ml). White dotted line, healed scar. Scale bar, 0.25 cm. (D) Representative hematoxylin

Sci Transl Med. Author manuscript; available in PMC 2022 April 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Griffin et al.

Page 20

and eosin (H&E)-stained wounds of JUN and Control mice. Scale bars, 75 um (top) and
25 um (bottom). Yellow dotted lines show the whorl pattern of hypertrophic scars (HTSs).
(E) Comparison of dermal thickness in wounds of JUN and Control mice at POD 14. (F)
Representative Masson’s trichrome—stained wounds of JUN and Control mice at POD 14.
Comparison of total collagen content (defined as relative mean gray density) from Masson
trichrome staining. Scale bar, 100 um. (G) Immunofluorescently labeled collagen type |
(COL1) (red), COL3 (red), and CD31 (green) in JUN and Control mice on POD 14. Scale
bars, 100 um. DAPI, 4’ 6-diamidino-2-phenylindole. (H) Picrosirius red—stained wounds
of JUN and Control mice on POD 14. Scale bars, 25 pm. Computational quantification

of collagen fiber networks evaluating length, branching, brightness, width, and number of
fibers in JUN mice. All data are presented as means = SEM. n= 3 independent experiments.
*P<0.05, **P<0.01, and ***P< 0.001.
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Fig. 2. Jun drivesfibrosis through a specific reticular fibroblast subpopulation.
(A) Schematic showing experimental approach for immune and fibroblast cell contribution

(top): Six-millimeter stented excisional dorsal wounds were created in the dorsum of JUN
and Control mice. Dox (20 pl of 2 mg/ml) was administered on the day of surgery and on
alternative days until complete wound closure on POD 14. Wounds were harvested for FACS
to isolate fibroblasts and immune cell populations and to compare wounds histologically.
Schematic showing experimental approach for parabiosis experiment and bone marrow
transplantation (BMT) with 1 million whole bone marrow cells isolated from JUN mice
and transduced to express GFP and luciferase. Six-millimeter stented excisional dorsal
wounds were then created on the dorsum of Control parabionts. Dox (20 ul of 2 mg/ml)
was administered on the day of surgery and on alternative days until POD 14. Wounds
were harvested on POD 14 for FACS and histological assessment of healing wounds. (B)
Bar graphs (left) showing the numbers of lipofibroblasts and reticular fibroblasts in JUN
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and Control mice throughout wound healing (POD 0, 4, 7, and 14). Bar graphs (right)
showing % change in numbers of lipofibroblasts and reticular fibroblasts in JUN (compared
to Control mice equivalent time point) and Control mice (compared to Control baseline).
(C) Immunofluorescent staining for adiponectin (labeling lipofibroblasts and extracellular
adiponectin) and a.-smooth muscle actin (a-SMA; labeling myofibroblasts and vascular
smooth muscle cells) in the wounds of JUN and Control mice on POD 14. Scale bars, 25
um. (D) Bar graphs (left) showing the total percent of immune cells (CD45%), lymphocytes,
granulocytes, and monocytes in JUN (compared to Control mice equivalent time point)

and Control mice (compared to Control baseline) throughout wound healing (POD 0, 1,

7, and 14). Immunofluorescent images (right) illustrating the different immune cells in
JUN and Control mice on POD 14: CDIa (Langerhans’ cells), CD3(T cells), B220 (B
cells), CD11b (or “MAC-1,” monocytes, and macrophages), and CD45 (all hematopoietic
cells). Scale bar, 30 um. Bar graph showing % change in numbers of immune cells in JUN
and Control mice (bottom). (E) JUN/Control parabionts 3 weeks post-parabiosis surgery
with representative FACS plot showing successful chimerism with 36.7% GFP* CD45*
LIVE single cells in the peripheral circulation of Control parabiont 4 weeks post-parabiosis
surgery. (F) Representative immunostaining showing GFP™* cells in wounds of the Control
parabiont at POD 14 within blood vessels and the dermis. (G) A representative wound from
a Control parabiont on POD 14, which resembles the wounds of Control mice in Fig. 1C.
*P<0.05, **P<0.01, and ***P< 0.001. All data are presented as means + SEM. n=3
independent experiments. *~< 0.05, **£< 0.01, and ****P < 0.0001.
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Fig. 3. Jun up-regulatesfibrotic signaling pathways in reticular fibroblasts and PPARYy signaling
in lipofibroblasts.
(A) Schematic showing experimental approach: Lipofibroblast and reticular fibroblasts were

isolated by FACS on POD 7 for ATAC- and RNA-seq analysis. (B) Heatmap showing
hierarchical clustering of differentially expressed genes (FDR < 0.01, fold change > 2)
between JUN and Control in lipofibroblasts (top left) and reticular fibroblasts (top right).
Heatmap showing chromatin regions with changes in accessibility (FDR < 0.01, fold change
> 2) in JUN versus Control mice in lipofibroblasts (bottom left) and reticular fibroblasts
(bottom right). (C) Gene set enrichment analysis showing the most up-regulated GO (top)
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and Kyoto Encyclopedia of Genes and Genomes (bottom) pathways (based on RNA-seq
data) in JUN versus Control mice in lipofibroblasts (yellow) and reticular fibroblasts (red)
on POD 7. (D) Schematic showing the up-regulated genes identified from the PPARy
signaling pathway in lipofibroblasts in JUN versus Control mice on POD 7; red stars show
significantly up-regulated genes (P < 0.05). Gene expression track analysis of individual
genes in the PPARy signaling pathway up-regulated in lipofibroblasts in JUN versus Control
mice on POD 7. Yellow arrow indicates the promoter. (E) Schematic showing significantly
up-regulated genes identified from multiple converging fibrotic signaling pathways [Hippo,
transforming growth factor-p (TGFp), bone morphogenic protein (BMP), and wingless
(WNT)] in reticular fibroblasts in JUN versus Control mice on POD 7; red stars show
significantly up-regulated genes (P < 0.05). Gene expression track analysis of individual
genes found in the fibrotic signaling pathways up-regulated in reticular fibroblasts in JUN
versus Control mice on POD 7. Yellow arrow indicates the promoter. (F) Genes with
significantly increased expression and opening promoter chromatin (distance from TSS
<100 kb) (left, red) or decreased expression and closing promoter chromatin (right, blue) in
lipofibroblasts (top) and reticular fibroblasts (bottom) in JUN versus Control mice on POD
7 (P<0.05). Significant genes found to be both up-regulated and with opening chromatin in
JUN versus Control mice in reticular (bottom, /7= 26) and lipofibroblasts (top, 7=3) (*P<
0.05). All data are presented as means + SEM.
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Fig. 4. CD36 antagonism minimizes JUN-dependent fibroproliferative activity.
(A) Schematic of experimental approach. Left: Human normal skin (NS), scar, HTS, and

keloid specimens were assessed for expression of JUN and fibrogenic fibroblast markers
using tissue protein arrays and immunofluorescence (IF). Primary cultures of fibroblasts
were derived from skin specimens, and CRISPR-Cas9 was used to delete JUN expression.
Human fibroblasts derived from HTSs (hHTSs) with (KO) and without (non-KO) JUN
deletion were compared for proliferation, apoptosis, and by RNA- and ATAC-seq. Right:
hHTS-derived human fibroblasts were treated with salvianolic acid (SAB; 100 uM) for 48
hours before analysis of COL1 and TGFp protein secretion, proliferation, apoptosis, and
production of reactive oxygen species (ROS). (B) Tissue array showing JUN expression in
hNS, non-keloid scar (hSc), and hHTS. Scale bar, 10 um. (C) Apoptosis and proliferation
analysis of HTS fibroblasts with and without KO of JUN over 4 days, assessed using
annexin V and 5-Ethynyl-2”-deoxyuridine (EdU) labeling, respectively. (D) Heatmaps from
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RNA- and ATAC-seq comparative analysis showing differently expressed genes (FDR <
0.01, fold change > 2) and chromatin accessibility regions in HTS and HTS-KO fibroblasts.
(E) Bar chart demonstrating the genes that were significantly down-regulated (90), exhibited
a decrease in chromatin accessibility (5451), and exhibited both a decrease in chromatin
accessibility and were down-regulated (106) in KO versus non-KO HTS fibroblasts (#

< 0.05). (F) Bar graph showing the FPKM (fragments per kilobase of exon model

per million reads mapped) of CD36 in HTS versus HTS-KO fibroblasts. (G) RNA-seq
expression and ATAC-seq tracks for CD36 in HTS fibroblasts. Yellow arrow indicates

the promoter. (H) Plated hHTS fibroblasts immunostained with (left) fibroblast-specific
protein 1 (FSP-1, purple)/CD36 (red)/DAPI (white) and (right) JUN (green)/CD36 (red).
Scale bar, 10 um. (1) Plated hHTS fibroblasts immunostained with CD36 (green)/JUN
(red)/TGF-B (orange, top row) and CD36 (green)/COL1 (orange, bottom row) without (left)
and with (right) SAB treatment. Scale bars, 10 um. (J) RT-gPCR analysis (top); JUN

and CD36 expression in hHTS fibroblasts at baseline, after SAB treatment, and in hHTS-
KO fibroblasts. Bottom: Adipogenic-associated genes [Adipog (adiponectin), peroxisome
proliferator—activated receptor-y (Ppar-y), Perilipin, Fatty acid—binding protein 4 (Fabp4),
and Fabp5] in hHTS fibroblasts at baseline, after SAB treatment, and in hHHTS-KO
fibroblasts (*~< 0.05 and **P < 0.01). (K) hHTS fibroblasts with and without 48 hours of
SAB treatment compared for proliferation by EdU staining (top), COL1 secretion (middle),
and TGFp (bottom) secretion. All data are presented as means = SEM. n= 3 independent
experiments. *£< 0.05, **P< 0.01, ***P<0.001, and ****P< 0.0001.
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Fig. 5. CD36 antagonism rever ses hypertrophic dermal scarring.
(A) Schematic of the experimental approach: Six-millimeter stented excisional dorsal

wounds were created in JUN and Control mice. Dox (20 pl of 2 mg/ml) and SAB (100
uM) were administered on the day of surgery and on alternate PODs until complete
wound closure (POD 14). Wounds were harvested for FACS and histology (7= 18 mice).
Representative gross photographs of healed (POD 14) wounds of JUN (B) and Control (H)
mice. Scale bars, 0.25 cm. Representative H&E- and Masson trichrome—stained wounds of
JUN (C) and Control (I) mice. Scale bars, 150 pm. Picrosirius red—stained wounds of JUN
(D) and Control (J) mice on POD 14. Scale bars, 25 um. Sections are not adjacent slides
but are from the same experimental group. Immunofluorescently labeled Col1 (red) and
Col3 (purple) in JUN (F) and Control (L) mice on POD 14. Scale bars, 100 um. Bar graph
showing the numbers of lipofibroblasts and reticular fibroblasts in JUN (E) and Control (K)
mice at POD 14. Bar graph showing the total percent of immune cells in JUN (G) and
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Control (M) mice at POD 14. All data are presented as means £ SEM. n= 3 independent
experiments. *£< 0.05, **P< 0.01, ***P< 0.001, and ****P< 0.0001.
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