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A B S T R A C T

Systemic sclerosis (SSc) or scleroderma is a chronic multi-organ autoimmune disease characterized by vascular,
immunological, and fibrotic abnormalities. The etiology of SSc is unknown, but there is growing evidence that
dysfunction of the endocannabinoid system (ECS) plays a critical role in its development. Since the semi-syn-
thetic cannabinoquinoid VCE-004.8 could alleviate bleomycin (BLM)-induced skin fibrosis, we have investigated
an oral lipid formulation (EHP-101) of this dual PPARγ/CB2 receptors activator for the prevention of skin- and
lung fibrosis and of collagen accumulation in BLM challenged mice. Immunohistochemistry analysis of the skin
showed that EHP-101 could prevent macrophage infiltration as well as the expression of Tenascin C (TNC),
vascular cell adhesion molecule 1 (VCAM1), and the α-smooth muscle actin (SMA). EHP-101 could also prevent
the reduced expression of vascular CD31 typical of skin fibrosis. RNAseq analysis of skin biopsies showed a clear
effect of EHP-101 in the inflammatory and epithelial-mesenchymal transition transcriptomic signatures. TGF-β-
regulated genes [matrix metalloproteinase-3 (Mmp3), cytochrome b-245 heavy chain (Cybb), lymphocyte an-
tigen 6E (Ly6e), vascular cell adhesion molecule-1 (Vcam1) and Integrin alpha-5 (Itga5)] were induced in BLM
mice and repressed by EHP-101 treatment. By intersecting differentially expressed genes in EHP-101-treated
mice with a dataset of human scleroderma intrinsic genes, 53 overlapped genes were discovered, including
biomarkers of SSc like the C-C motif chemokine 2 (Ccl2) and the interleukin 13 receptor subunit alpha 1 (IL-
13Ra1) genes. Taken together, these data provide a rationale for further developing VCE-004.8 as an orally
active agent to alleviate scleroderma and, possibly, other fibrotic diseases as well.

1. Introduction

Systemic sclerosis (SSc) or scleroderma is a chronic multiorgan
autoimmune disease of unknown etiology characterized by im-
munological, vascular, and fibrotic abnormalities. The disease is com-
plex and dynamic, and the interrelationship among the main hallmarks
of SSc results in a wide spectrum of clinical presentations ranging from

limited skin involvement (limited cutaneous SSc; lSSc) to widespread
internal organ fibrosis (diffuse cutaneous SSc; dSSc). Independently to
the clinical subtypes, several studies have highlighted the importance to
identify different gene expression profiles within scleroderma patients
in order to provide a more personalized diagnosis and/or treatment
[1,2]. Accordingly, a study analyzing the transcriptome in skin biopsies
from 27 scleroderma patients has defined two subtypes of the disease at
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the transcriptomic level. Namely, a fibroproliferative signature type
that predominate in patients with dSSc subclinical type, and an in-
flammatory signature type, which was detected preferentially in dSSc,
lSSc and Morphea patients [3].

The endocannabinoid system (ECS) is composed by the GPRC re-
ceptors CB1 and CB2, the endocannabinoids, mainly anandamide and 2-
arachidonoyl glycerol, and the enzymes that regulated their synthesis
and catabolism. In addition, some endogenous and exogenous canna-
binoids also target ionotropic receptors of the TRP family, non-cano-
nical GPR receptors such as GPR55, and nuclear receptors such as
PPARα and PPARγ, adding additional complexity to the functionality of
the ECS [4,5].

There is growing evidence that the ECS could play a role in the
pathophysiology of SSc. Thus, it has been shown that CB1 and CB2 re-
ceptors are expressed in SSc fibroblasts [6], and the anti-inflammatory
and anti-fibrotic actions of cannabinoids have been clearly demon-
strated in different experimental models. For instance, genetic in-
activation of CB1 receptor reduces fibrosis in experimental models of
SSc indirectly through the inhibition of leukocyte infiltration in the
damaged tissue [7]. Accordingly, pharmacological activation of CB1

receptor exacerbates fibrosis induced by bleomycin (BLM) [7]. Con-
versely, CB2 receptor plays a protective role against fibrosis and reduces
inflammatory infiltrates in experimental models of SSc [8,9]. Indeed,
inhibition of CB2 receptor increase the susceptibility to develop fibrosis
in live [8].

PPARγ was initially identified because of its role in the regulation of
glucose and lipid metabolism, but PPARγ ligand agonists are also en-
dowed with anti-inflammatory and anti-fibrotic activities [10,11]. In
this context, PPARγ is a regulator of connective tissue homeostasis, and
different experimental approaches have shown that PPARγ ligands at-
tenuate hepatic- [12] renal- [13], and pulmonary fibrosis [14] as well
as BLM-induced skin fibrosis [15–18]. Thus, structurally different CB2

agonists such as JHW-133, and dual PPARγ/CB2 agonists such as Aju-
lemic acid (AjA) and VCE-004.8 have been shown to alleviate skin fi-
brosis and inflammation in experimental models of SSc [19,15,16].
Moreover, AjA (Lenabasum) has shown efficacy in a Phase 2 clinical
trial with dSSc patients (clinicaltrial.gov identifier: NCT02465437),
while a recent study suggested that AjA ameliorates inflammation
through the generation of pro-resolvin lipid mediators in human vo-
lunteers [20]. The relative contribution of CB2 receptor, PPARγ or of
both pathways to this activity is still unclear.

We have shown previously that VCE-004.8 is a multitarget CBD
derivative acting as a dual PPARγ/CB2 agonist and as an activator of the
HIF pathway [16,21]. VCE-004.8 [(1′R,6′R)-3-(Benzylamine)-6-hy-
droxy-3′-methyl-4-pentyl-6′-(prop-1-en-2-yl) [1,1′bi(cyclohexane)]-
2′,3,6-triene-2,5-dione)] has been granted Orphan Drug designation by
the FDA and EMA for Systemic Scleroderma. We now report that EHP-
101, an oral lipidic formulation of VCE-004.8, prevents skin and lung
fibrosis in a BLM-model of SSc. By transcriptomic analyses, we also
demonstrate that EHP-101 downregulates the expression of several key
genes associated with fibrosis and inflammation. Taken together, these
results provide a rationale for further developing VCE-004.8 as a
treatment of scleroderma and, possibly, other fibrotic diseases as well.

2. Material and methods

2.1. Animals and experimental protocols

Six- to eight-week-old female BALB/c mice were purchased from
Harlan laboratories (Barcelona, Spain) and housed in our animal fa-
cilities (University of Córdoba, Córdoba, Spain) under controlled con-
ditions (12 h light/dark cycle; temperature 20 °C (± 2 °C) and 40–50%
relative humidity) with free access to standard food and water. All
experiments were performed in accordance with European Union
guideline and approved by the Animal Research Ethic Committee of the
Córdoba University (2014PI/016).

Dermal fibrosis was induced by daily subcutaneous injections of
filter-sterilized bleomycin (20 μg/mouse diluted in PBS) (Mylan
Pharmaceuticals, Barcelona, Spain) into the shaved backs well-defined
areas (1 cm2) of mice for 6 weeks. During the last 3 weeks of bleomycin
injections, mice were treated daily by oral gavage with different con-
centrations of EHP-101 (5, 10 and 25mg/kg) or vehicle alone. EHP-101
is a formulated solution of VCE-004.8 (30mg/ml) dissolved in lipid
solvent. In parallel mice were injected intraperitoneally (ip) with RGZ
(5mg/kg) (Cayman Chemical, Ann Arbor, MI, USA). At the end of the
experimental procedure, mice were sacrificed and dissected for tissue
processing. Skin and lung samples were frozen in RNA-later (Sigma-
Aldrich, St. Louis, MO, USA) cooled in dry ice and stored at −80 °C for
transcriptomic analysis or fixed in fresh 4% paraformaldehyde (0.1M,
PBS) (AppliChem, Darmstadt, Germany) for histochemical analysis. Ten
to six animals were analyzed in each experimental group.

2.2. Histochemical analysis

Skin or lung sections (5 μm-thick) were stained with Masson's tri-
chrome (Merck Millipore, Darmstadt, Germany). Skin collagen was
detected by picrosirius red staining (Sigma-Aldrich, St. Louis, MO,
USA). For immunohistochemical detection of macrophages, we used
F4/80 (1:50, #MCA497, Bio Rad Laboratories, Hercules, CA, USA)
antibody. Slides were developed with diaminobenzidine chromogen
(Merck, Darmstadt, Germany) and counterstained in Harris haematox-
ylin (AppliChem, Darmstadt, Germany). Three random fields of each
skin or lung biopsy were photographed, digitalized using a Leica
DFC420c camera and analyzed using Image J software in a blinded
manner by two independent observers. The Ashcroft score was used to
determine the degree of fibrosis in lung specimens as previously de-
scribed [22,23].

2.3. Confocal analyses

For antigen retrieval, paraffin-embedded skin section (5 μm-thick)
were deparaffinized and boiled for 10min in sodium citrate buffer
(10mM, pH 6.0) (Sigma-Aldrich, St. Louis, MO, USA). The sections
were washed three times in PBS. Nonspecific antibody-binding sites
were blocked for 1 h at room temperature with 3% bovine serum al-
bumin (BSA) (Sigma-Aldrich, St. Louis, MO, USA in PBS). Next, the
sections were incubated overnight at 4 °C in following primary anti-
bodies diluted in PBS with 3% BSA: rabbit polyclonal anti-CD31 (1:100
dilution, ab28364, Abcam, Cambridge, UK), rabbit monoclonal anti-
VCAM1 (1:100 dilution, ab134047, Abcam, Cambridge, UK), mono-
clonal rat anti-Tenascin (TNC) (1:100 dilution, #MAB2138, RD system,
Mineapolis, MN, USA), mouse anti-Vimentin (VIM) (1:100 dilution,
#550513, BD biosciences, San Jose, CA USA) and α-Smooth muscle
actin (SMA) monoclonal antibody Alexa-488 (1:100 dilution, #53-
9760-80, Thermo Fischer, Walthamm, MA, USA). After extensive
washing in PBS, slides were incubated with secondary antibodies for 1 h
at room temperature in the dark. The inmunoreactions were revealed
using anti-rabbit Texas Red (1:100 dilution, #A-6399), anti- rat Alexa
488 (1:100 dilution, #A-11006), anti-mouse Alexa 647 (1:100 dilution,
#A-21235) were obtained by Thermo Fischer Scientific, Walthamm,
MA, USA. The tissue sections were then mounted Vectashield Antifade
Mounting Medium with DAPI (H-1200, Vector Laboratories,
Burlingame, Ca, USA). All images were acquired using a spectral con-
focal laser-scanning microscope LSM710, (Zeiss, Jena, Germany) with a
25×/0.8 Plan-Apochromat oil immersion lens and quantified in 10–15
randomly chosen fields using ImageJ software (http://rsb.info.nih.
gov/.ij).

2.4. RNA sequencing

Total RNA was isolated from mice frozen skin tissue using QIAzol
lysis reagent (Qiagen, Hilden, Germany) and purified with RNeasy mini
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kit (Qiagen, Hilden, Germany). Transcriptome libraries were con-
structed with TruSeq Stranded Total RNA LT Sample Prep Kit (with
Ribo-Zero Human/Mouse/Rat, #RS-122-2201, Illumina, San Diego,
USA). In brief, 300 ng of total RNA from each sample was used to
construct a cDNA library, followed by sequencing on the Illumina Hiseq
2500 with single end 50 bp reads and∼30 millions of reads per sample.

2.5. Bioinformatics and data analysis

Sequencing data have been uploaded in the Gene Expression
Omnibus (GEO) database and can be viewed with the accession number
of GSE115503. The sequences were pre-processed with Trimmomatic
version 0.36 [24] and aligned to mouse genome assembly mm10 using
HISAT2 version 2.1.0 [25]. Counts per gene were obtained with feature
Counts version 1.6.1 [26] using the in-built Ref Seq annotation for
mm10 genome assembly. The raw counts were then analyzed with
DESeq2 version 1.20.0 [27] excluding those genes with less than 10
counts across all samples, resulting in a total of 18,985 genes. The
differential expression analysis was performed using the negative bi-
nomial linear models included in DESeq2. All genes with an adjusted p
value < 0.05 were considered as differentially expressed genes
(DEGs). Cluster Profiler version 3.8.9 [28] and the annotation package
org.Mm.eg.db version 3.5.0 were employed to identify overrepresented
Gene Ontology (Biological Process) terms in the sets of genes after
splitting them into up and down regulated DEGs. For a term to be
considered as enriched in any group of DEGs, it must contain at least 10
genes and present an enrichment adjusted p value < 0.05. The MSigDb
hallmarks version 6.1 [29] “Inflammatory Response” and “Epithelial
Mesenchymal Transition” were intersected with the DEGs upregulated
by bleomycin and downregulated by EHP-101 to create the tran-
scriptomic signatures. To obtain the intersection with the human
scleroderma intrinsic genes, we collapsed the list of intrinsic genes in-
cluded in the GEO dataset GSE9285 with the list of common DEGs in
our comparisons. The HUGO gene symbol nomenclature was used to
intersect our data with human genes.

2.6. Statistical analysis

All the in vivo data are expressed as the mean ± SEM. Unpaired
two-tailed student T test for parametric analysis of two samples or
Kruskal-Wallis test were used to determine the statistical significance in
the case of non-parametric analysis. The level of significance was set at
p < 0.05. Statistical analyses were performed using GraphPad Prism
version 6.00 (GraphPad, San Diego, CA, USA).

3. Results

3.1. Effect of formulated VCE-004.8 (EHP-101) on skin and lung fibrosis

VCE-004.8 is a multitarget compound showing in vivo anti-fibrotic
and anti-inflammatory activity after intraperitoneal administration
[16,21]. To study the activity after oral administration, VCE-004.8 was
formulated in a lipidic matrix (EHP-101), and its effectiveness was
evaluated in a murine model of SSc. Skin fibrosis was induced ac-
cording to a previously established protocol [30], and no sign of toxi-
city was observed during the experimental procedure. In BLM-chal-
lenged mice, a significant increase of dermal thickness and collagen
contents was observed, paralleled by a reduction of subcutaneous adi-
pose layer that was replaced by connective tissue. Oral EHP-101 (5, 10,
25 mg/kg) alleviated skin fibrosis, reducing skin thickness to levels si-
milar to those of RGZ (5mg/kg) that served as a positive control for
PPARγ activation. In addition, higher doses of EHP-101 were also
capable of recovering lipoatrophy (Fig. 1A and B) [31].

Excessive collagen deposition is a key marker of BLM-induced skin
fibrosis [32]. To evaluate this parameter, dermal expression of collagen
was assessed by quantification of picrosirius red staining of skin. As

depicted in Fig. 1C, an increase in collagen accumulation was observed
in BLM mice compared to control animals, and treatment with EHP-101
prevented this accumulation. It has been previously shown that BLM-
induced fibrosis is associated with macrophage infiltration and activa-
tion, [33,16]. Thus, we evaluated the effect of EHP-101 treatment on
the recruitment of inflammatory cells by measuring the infiltration of
F4/80(+) macrophages in the skin of BLM-challenged mice. We found
that EHP-101, as well as RGZ, inhibited macrophage infiltration in-
duced by BLM (Fig. 1D).

Next, we evaluated if BLM injection at the skin level could also
promote fibrosis in other organs such as lungs. This was the case, but
both BLM-induced lung fibrosis (Ascroft scores) and collagen deposition
(picrosirius red staining) were alleviated by the treatment with EHP-
101 (Fig. 2A and B).

3.2. EHP-101 prevents perivascular collagen accumulation and maintains
vascular integrity

Vascular damage is a fundamental part of the pathogenesis of
scleroderma since the early stages of the disease [34,35]. BLM has been
reported to significantly increase the thickness of vascular wall, mi-
micking some of histologic features found in human SSc [31]. As de-
picted in Fig. 3A, BLM induced a significant collagen deposition around
blood vessels that could, however, be prevented by EHP-101 (25mg/
kg) (Fig. 3A). In addition, a morphometric analysis was performed by
measuring blood vessels perimeter with CD31 as an endothelial marker.
Remarkably, the average vessel perimeters were significantly decreased
in BLM untreated mice compared to control mice group, and it was
recovered in EHP-101 treated mice (Fig. 3B and C).

Aberrant proliferation of smooth muscle cells and myofibroblast
differentiation is one of the most important elements of the proliferative
vasculopathy associated to SSc [34,36]. In the skin of control mice, α-
SMA expression was mostly restricted to vascular muscle cells sur-
rounding the vessels (Fig. 3B), increased by BLM treatment and pre-
vented by the administration of EHP-101 (Fig. 3B and C). Finally, we
also analyzed the expression of TNC, another relevant marker of fibrosis
[37], whose expression was low in control mice, but increased in the
skin of BLM mice and could be normalized by EHP-101 treatment
(Fig. 3B and C).

3.3. EHP-101 restores normal skin phenotype at transcriptomic level

To study the transcriptomic changes produced by the treatment at
tissue level, an RNA-Seq analysis was performed in the skin of the
different experimental groups. A differential expression analysis be-
tween the various groups identified a total of 4086 genes with an ad-
justed p value < 0.05 when comparing the BLM group with the con-
trol, and 1959 when comparing EHP-101 treated BLM mice vs.
untreated BLM (Fig. 4A). To characterize those changes at the biolo-
gical level, a functional analysis using the Gene Ontology (Biological
Process) annotation was carried out. Fig. 4B shows selected enriched
terms across the subgroups of differentially expressed genes (DEGs).

Terms associated with the pathogenesis of the disease and enriched
in the genes upregulated by BLM and downregulated by EHP-101 can
be classified as “positive regulation of cytokine production”, “angio-
genesis”, “interleukin-6 production”, “response to interferon-gamma”,
“response to wounding” and “response to transforming growth factor”,
in accordance with the dysregulation of the autoimmune, vascular and
fibrotic processes [2], and with our previous study that demonstrated
the beneficial effects of VCE-004.8 (Figs. 1–3).

Next, to further investigate the effects of the EHP-101 treatment at
the transcriptomic level and related to inflammatory and fibrotic pro-
cesses, we intersected the genes contained in the MSigDb hallmarks
[29] “Inflammatory Response” and “Epithelial Mesenchymal Transi-
tion” with DEGs upregulated by BLM that were inhibited by EHP-101
(Fig. 4C), finding two transcriptomic signatures of repression in
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Fig. 1. EHP-101 reduces dermal thickening, collagen accumulation and macrophage infiltration induced by BLM on fibrotic skin. (A) Images show Massońs trichrome
staining and (B) their respective quantification of skin from BLM-treated mice. (C) Representative images of collagen staining by picrosirius red dye (left panel) and
their quantification (right panel). (D) Images show immunostaining of skin sections for the macrophage specific marker F4/80 (indicated with arrows) (left panel).
Quantification of F4/80(+) cells in skin (right panel). Values are expressed as mean ± SEM (n=8 animals per group). ***p < 0.001 versus control group; #
p < 0.05, ##p < 0.01, ###p < 0.001 versus BLM group.
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different genes from those hallmarks. Finally, to evaluate the transla-
tion potential of these results, we intersected DEGs in both comparisons
with a dataset of human scleroderma “intrinsic” genes obtained from a
previous study [3]. From the list of 995 genes, 52 overlapped with
genes that change differentially with BLM and EHP-101 treatment
(Fig. 4D). To validate the transcriptomic analysis to some extent we
studied the expression of VCAM1 and Vimentin (VIM) at the protein
level. As depicted in Fig. 5, an increase of VCAM1 and VIM expression
was observed in the lesioned skin of BLM mice compared to the control
group, which was prevented by EHP-101 treatment. Taken together,
these results suggest that the EHP-101 can restore the normal status of
mice skin at transcriptomic level through the down regulation of sev-
eral key genes implicated in the inflammatory fibrotic process.

4. Discussion

Several epidemiology studies have been conducted worldwide in the
past 20 years and although there is some variability in the reported
estimates in different studies and countries, the prevalence is estimated
at around 1–9/100,000 for localized scleroderma, and 1/6500 adults
for systemic sclerosis, being females more affected than males (ratio
around 4:1). Despite recent progress in the understanding of SSc

pathophysiology, the current therapeutic recommendations are con-
cerned with the management of organ specific morbidity and no single
therapeutic agent has been proven to be efficacious as a universal dis-
ease-modifying agent, that provides benefit to SSc patients regardless of
which organs are affected by the disease [38].

We have shown previously that VCE-004.8 is a multitarget CBD
derivative acting as a dual PPARγ/CB2 agonist and as an activator of the
HIF pathway [16,21], and herein we report that EHP-101, an oral li-
pidic formulation of VCE-004.8, could prevent skin and lung fibrosis in
a bleomycin-model of SSc.

Several lines of evidence strongly suggest that blocking TGFβ sig-
naling represents a therapeutic approach in fibrosis. In this sense, li-
gand-activated PPARγ competes for the interaction of p300 to SMAD
proteins and inhibits SMAD/p300 complex formation, which is required
for TGFβ-induced collagen gene transcription [39]. Thus, CB2 agonists
are able to inhibit VCAM1 expression in endothelial cells acting par-
tially through the PPARγ pathway [40]. Other reports have shown that
PPARγ activation can selectively inhibit the induction of VCAM1
[41–43]. On the other hand, CB2 receptor activation may also be in-
volved in the anti-inflammatory activity of VCE-004.8, possibly by in-
hibition the production of pro-inflammatory cytokines such as IL-1β
and IL-6 in macrophages. Accordingly, CB2 receptor activation is

Fig. 2. EHP-101 prevents lungs fibrosis. (A) Representative lungs images of Masson’s trichrome staining (left panel). Comparison of the Ashcroft score among the
experimental groups (right panel). (B) Representative images of collagen staining by picrosirius red dye and (left panel) their quantification (right panel). Values are
expressed as mean ± SEM (n=8 animals per group). ***p < 0.001 versus control group; ##p < 0.01, ###p < 0.001 versus BLM group.
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Fig. 3. EHP-101 prevents skin fibrosis. (A) EHP-101 prevents BLM-induced collagen accumulation around blood vessels. Representative images of Masson’s tri-
chrome stained skin sections showing collagen associated to blood vessels (indicated with frames) (left panel). Quantification of collagen accumulation in skin (right
panel). (B) Double immunoflurescence labelling of skin (CD31, red fluorescence) and smooth muscle cells (α-SMA, green fluorescence) in control, BLM+vehicle and
BLM+EHP-101 are shown. CD31 vessels are marked by white arrows, and α-SMA cells are marked by yellow arrows. (C) Immunoflurescence labelling of TNC (green
fluorescence) in control, BLM+vehicle and BLM+EHP-101 is shown (original magnification× 25). (D) Quantification of CD31 vessel staining (average vessel
perimeter), and expression of TNC and α-SMA. Values are expressed as mean ± SEM (n=8 animals per group). **p < 0.01, *p < 0.05 versus control group,
##p < 0.01 versus BLM group.
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Fig. 4. Gene expression profiling of the effect of EHP-101 in skin. (A) MA plots of the result for the differential expression analyses. Red points represent the
differentially expressed genes (adjusted p < 0.05). (B) ClusterProfiler results. The dotplot represent the enrichment of selected terms over the different groups. The
presence of a point indicates a significant enrichment of a term in a group of genes (adjusted p < 0.05). (C) Heatmaps showing the expression levels of genes that
increase their expression with the bleomycin treatment and reduce it with EHP-101 inside the selected MSigDb hallmarks (adjusted p < 0.05). (D) Heatmap showing
the expression levels of 52 genes that are differentially expressed in both comparisons (adjusted p < 0.05) and overlap with the group of intrinsic human scler-
oderma skin expressed genes. The color represents the mean of scaled regularized log transformed expression values.
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considered beneficial in fibrotic diseases, and JWH-133, a CB2 selective
agonist, has been shown to decrease the inflammatory infiltrate in the
liver of fibrotic animals [44]. Additional evidence has been reported
that CB2 receptor activation inhibits dermal fibrosis by preventing
leukocyte infiltration and the release of profibrotic mediators [8].
Taken together, these considerations suggest that EHP-101 prevents
BLM-induced skin fibrosis and inflammation and this effect it is likely to
be mediated by targeting both PPARγ and CB2 pathways as described
previously for VCE-004.8 [16].

We also found that EHP-101 attenuated levels of TNC in the skin of
BLM mice. TNC contributes to the pathogenesis of SSc by eliciting the
response of endogenous activator of Toll-like receptor 4 (TLR4)
[36,45]. Interestingly, in some disease models, PPARγ agonists have
been shown to exert anti-inflammatory effects through suppression of

the expression and activity of TLR4 [46,47]. Consistent with this, EHP-
101 might attenuate the expression of TNC by inhibiting TLR4 activa-
tion through PPARγ activation. Moreover, it has been shown that both
IL-4 and IL-13 upregulates TNC synthesis [48,49]. Indeed, we have
described that VCE-004.8 (i.p.) inhibited IL-13 expression in the skin of
fibrotic mice [16], and therefore we hypothesize that EHP-101 (oral
VCE-004.8) could also affect the expression of profibrotic cytokines
such as IL-13 that could explain the reduction of TNC expression.

SSc is a multi-factorial connective tissue disorder characterized by
vascular injury, and by fibrosis of the skin and various internal organs.
For instance, SSc patients typically show a reduction in the number of
microvessels [50], and BLM challenge in mice is also associated to a
reduction in the number and the perimeter of the vessels in the dermis.
EHP-101 was able to recover the vascular morphology in BLM-mice

Fig. 5. Effect of EHP-101 on VCAM-1 and VIM
expression in the skin (A) Boxplot of DESeq2
normalized counts indicating the detected ex-
pression level of Vcam1 and Vim through RNA-
Seq. (B) Double immunoflurescence labelling of
skin (VCAM-1, red fluorescence) (VIM, red
fluorescence) and smooth muscle cells (α-SMA,
green fluorescence) in control, BLM+vehicle
and BLM+EHP-101 are shown. VCAM-1 and
VIM fluorescence are marked by white arrows
and α-SMA cells are marked by yellow arrows
(top panel). The quantification of expression of
VCAM-1 and VIM (bottom panel). Values are
expressed as mean ± SEM (n=8 animals per
group). **p < 0.01, *p < 0.05 versus control
group; #p < 0.05 versus BLM group.

A. García-Martín et al. %LRFKHPLFDO�3KDUPDFRORJ\�[[[��[[[[��[[[²[[[

�



measured by CD31 expression. By inducing HIF-1α stabilization in
endothelial cells, EHP-101 could upregulate the expression of VEGF
[21], which is known to increase blood vessel length and area in vivo
and in vitro [51–53]. On the other hand, there is considerable evidence
that vascular damage is initiated by endothelial cell injury and acti-
vation [54]. The injured/activated endothelial cells may detach from
the vascular endothelium, and the activation of endothelial cells also
induces the expression of cell adhesion molecules, such as VCAM1
[55,56], which expression is reduced by EHP-101 treatment.

The RNA-Seq analysis from mice skin biopsies revealed that oral
EHP-101 had a direct effect in the skin transcriptome by inhibiting the
expression of several genes associated with the disease. In this sense,
EHP-101 normalized the expression of a large number of genes asso-
ciated to the inflammatory response and with the epithelial-mesench-
ymal transition process, which is mainly regulated by TGF-β [57]. For
instance, genes downregulated by EHP-101 in BLM mice includes ma-
trix metalloproteinase-3 (Mmp3), cytochrome b-245 heavy chain
(Cybb), lymphocyte antigen 6E (Ly6e), Vcam1 and the Integrin alpha-5
(Itga5), which are part of a TGF-β responsive transcriptomic signature
previously identified in BLM-induced skin fibrosis [58]. Furthermore,
the expression of Type VII collagen (Col7a1) is also directly related to
TGF-β signaling in the skin of human SSc patients [59] and its ex-
pression level was also significantly reduced by EHP-101 treatment. We
additionally found that EHP-101 reduced the expression of the C-C
motif chemokine 2 (Ccl2) and the interleukin 13 receptor subunit alpha
1 (Il13ra1), two processes regulated by the TGF-β/PPARγ signaling
pathway [11]. These have been studied as biomarkers and possible
targets for the management and treatment of SSc in humans [60,61].
Given the relevance of the TGF-β signaling in this disease [62], our
results provide additional evidence that EHP-101 can alleviate skin
inflammation, vascular damage and fibrosis associated to SSc, also
showing that oral administration is feasible.
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