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ABSTRACT

Atopic dermatitis (AD) is a highly prevalent
chronic inflammatory skin disease that is char-
acterized by intense pruritus, seriously affecting
patients’ quality of life. Its pathophysiology,
which involves both the adaptive and innate
immune responses as well as skin barrier
defects, is still poorly understood. We recently
identified a microRNA, miR-335, as a key driver
of keratinocyte differentiation and cornifica-
tion, which is essential for the establishment of
a healthy skin barrier. However, expression of
miR-335 is lost in AD, leading to barrier defect.
We further demonstrated how belinostat, a
histone deacetylase inhibitor, can effectively
restore miR-335 and resolve the barrier defect in
a dry skin model. Here, in this commentary, we
highlight the role of belinostat in the treatment
of AD and discuss the need for more research
into crosstalk between epigenetic and non-
coding RNA-based regulation, as well as possible
therapeutic strategies targeting the epigenome.
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Key Summary Points

Atopic dermatitis (AD), a pro-
inflammatory skin disorder, is
characterized by recurrent severe episodes
of scaling and uncontrolled pruritis that
are exacerbated by genetic and
environmental factors.

Two recent key findings in AD have been
the recent identification of miR-335 as a
driver of keratinocyte differentiation and
cornification and that miR-335 expression
is lost in AD, leading to barrier defect.

Belinostat, a histone deacetylase (HDAC)
inhibitor, can restore miR-335 expression
and repair the defective barrier.

The toxicity issue with HDAC inhibitors
which can be addressed using analogues
of belinostat with chemical modifications;
thiese may be less toxic and could serve as
a therapeutic alternatives for the
alleviation of AD.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14333519.

COMMENTARY

Atopic dermatitis (AD) is a chronic inflamma-
tory skin disease. Also known as eczema, AD
most commonly manifests as repeated episodes
of skin inflammation, scaling and intense itch-
ing in young children [1]. Although the precise
aetiology underlying AD remains poorly
defined, its pathogenesis involves both immune
hypersensitization and a skin barrier defect in
which epidermal maturation is disrupted,
resulting in loss of the skin’s normal watertight
properties. This end result is excessive water loss
leading to dryness and itching, while environ-
mental allergen penetration encourages
immune hypersensitization, inflammation and
atopy. Here, we discuss our study on how dys-
functional epigenetic regulation in AD leads to
the loss of a crucial microRNA (miRNA)
involved in skin barrier maturation, and why
these findings are important to the therapeutic
management of AD.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Extensive evidence points strongly towards a
synergy of genetic and environmental factors in
the manifestation of AD and suggests that
pathogenesis may be highly context-dependent
and specific to each individual [2, 3]. The dis-
ease has a known heritable component [4], and
risk factors include family history of atopy and
loss-of-function mutations in the gene encod-
ing filaggrin (FLG). However, not all AD patients
carry FLG null mutations, and not all carriers of
FLG null alleles develop AD. Furthermore, the
sudden increase in AD prevalence in the latter
half of the 20th century happened too quickly
to be attributable to changes in allele frequen-
cies [5], and disease manifestation appears to

correlate with latitude and birth season [6].
Various environmental factors, such as lack of
childhood exposure to pathogens (the ‘‘Hygiene
Hypothesis’’) [7, 8] and UV light intensity [5],
have been put forward to explain these phe-
nomena. While the exact contribution of each
factor is unclear, the environment is likely to
have an overall impact on epigenetic regulation
over gene expression in the skin [9, 10]. These
epigenetic effects, in combination with the
endogenous genotype, ultimately lead to skin
barrier defect and allergic sensitization associ-
ated with AD.

In a recently published study [11], we
describe how the loss of a crucial miRNA affects
epigenetic regulation of skin maturation. The
epidermis is a stratified structure in which cell
division occurs in the basal layer, above which
keratinocytes progressively differentiate as they
move suprabasally. The skin’s barrier function is
largely regulated by the outermost layer (the
stratum corneum), which consists of cornified
keratinocytes tightly bonded together in an
insoluble lipid matrix [12]. SOX6, a transcrip-
tion factor which suppresses keratinocyte dif-
ferentiation, is normally restricted to the basal
layer [11] where it recruits components of the
SMARCA (SWI/SNF-related matrix-associated
actin-dependent regulator of chromatin sub-
family A) complex, which epigenetically silence
critical differentiation-related genes.

A pro-differentiation miRNA, miR-335, is
expressed in the suprabasal layers of the healthy
epidermis, where it drives keratinocyte differ-
entiation and cornification by directly sup-
pressing SOX6 [11] (Fig. 1). In AD lesional skin,
miR-335 is lost, leading to aberrant expression
of SOX6 throughout the epidermis. This in turn
prevents normal expression of differentiation-

Fig. 1 Schematic representation of the microRNA miR-
335 in action

656 Dermatol Ther (Heidelb) (2021) 11:655–660

https://doi.org/10.6084/m9.figshare.14333519
https://doi.org/10.6084/m9.figshare.14333519


related proteins, such as involucrin, small pro-
line rich proteins and transglutaminase-1 and
impairs skin barrier development, leading to
barrier defect [11]. Crucially, miR-335 itself is
epigenetically regulated via histone acetylation,
and its expression may be altered by using his-
tone deacetylase inhibitors (HDACis) [11].
Sodium butyrate (NaB), a broad-spectrum
HDACi, significantly increases the expression of
miR-335 in keratinocytes. This miR-335 upreg-
ulation occurs in tandem with increased abun-
dance of differentiation markers, indicating
that NaB treatment induces pro-differentiation
effects by regulating the expression of miR-335
[11]. Although the observation that HDACis can
alter miRNA expression is not new [13, 14], and
past literature indicates that both HDACis
[15, 16] and miRNAs [15, 17, 18] stimulate ker-
atinocyte differentiation, in our study we report
a mechanistic link between HDAC-mediated
miRNA regulation and keratinocyte differentia-
tion. These findings prompted us to investigate
the possibility of targeting HDACs to address
the skin barrier defect in AD.

The epigenome plays a significant role in
skin barrier phenotype and represents an ideal
target for therapeutic intervention in skin dis-
ease. Crucially, epigenetic changes are largely
reversible through the administration of suit-
able compounds, such as HDACis. We therefore
screened a library of HDACis and identified five
potential candidates which can effectively con-
trol miR-335 expression and associated differ-
entiation-related genes in keratinocytes. Of
these compounds, belinostat most consistently
induced effective keratinocyte differentiation,
with minimal toxicity. Belinostat, also known
as beleodaq or PXD101, is a hydroxamate-type
inhibitor that targets class I and II HDACs [19].
Discovered in 2003, it was originally proposed
as an anti-tumour agent [20] and has been used
for treating peripheral T-cell lymphoma with a
good safety profile with respect to haematolog-
ical toxicity [21]. When evaluating the efficacy
of belinostat, we were able to induce miR-335
expression and upregulate differentiation
markers in an ex vivo human skin organ culture
system in which we used a dry-skin model to
mimic the AD phenotype. This raised the pos-
sibility of repurposing belinostat as topical

therapeutic to alleviate the skin barrier defect in
AD.

While the concept of using HDACis to treat
epithelial disease is currently met with resis-
tance, it is not without precedent. HDACi-me-
diated reversal of detrimental epigenetic
modifications has been proposed for the treat-
ment of skin cancer [22]. Their use as prophy-
lactics in cancer prevention has also been
discussed [23], but questions remain regarding
long-term safety. A different HDACi, JNJ-
2648158, was also successfully used in the short-
term to improve integrity in the nasal epithe-
lium [24]; no unwanted side effects were
reported. This latter study was carried out in the
context of allergic rhinitis and presents an
interesting parallel to AD and skin barrier
integrity.

However, the use of belinostat or any other
HDACi as a potential therapeutic to treat AD
should be done with caution. This risk could be
mitigated in several ways. For example, chemi-
cal modification of belinostat to destabilize it
on contact with the bloodstream would enable
a temporal effect, confined only to the skin.
Another HDACi, remetinostat, was modified for
topical use in basal cell carcinoma and cuta-
neous T-cell lymphoma. While the effect of
remetinostat on AD lesions is unknown, similar
principles can be adopted to design analogues
of this compound, such as the incorporation of
labile groups, and modify belinostat for use in
AD. Restricting belinostat use to address acute
flare-ups will avoid the side effects related to
long-term use; this adoption of drug ‘breaks’ is
already in use for other topical prescription
drugs used to manage AD [25].

In addition to addressing safety concerns, it
would be prudent to consider criteria for
adopting belinostat as an AD therapeutic.
Given the heterogeneous nature of AD
pathogenesis, the development of a standard-
ized treatment regime has remained elusive to
date. Current clinical management strategies,
such as the use of emollients, are aimed at
restricting epidermal water loss and soothing
itch; other therapeutic regimes include pho-
totherapy to stimulate lipid synthesis and
maturation in the skin, as well as therapeutics
targeted at the immune component. Many of
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these strategies also come with associated
risks: emollients are not often tested on indi-
viduals with skin barrier defects, while the
benefits of phototherapy must be weighed
against photosensitivity and an increased risk
of skin cancer. Drugs targeting the immune
component include immunosuppressants,
such as mycophenolate mofetil, the prescrip-
tion of which necessarily involves careful
consideration of risk versus reward. While we
strongly propose that restoring the skin barrier
will resolve a host of downstream complica-
tions, including allergen sensitization and
pruritus resulting from water loss, we recog-
nize that the use of belinostat in AD will
likely be subject to the same cost–benefit
considerations. There may never be a univer-
sal therapeutic of choice for AD, but belinostat
has the potential to be beneficial as part of a
tailored therapeutic regime designed to allevi-
ate AD and alleviate further atopic
progression.

Our study also opens up new avenues for
future research into AD pathogenesis. Histone
deacetylation causes the loss of miR-335 from
the epidermis, but the ultimate cause of this
epigenetic alteration is still unknown. Investi-
gating the relationship between known envi-
ronmental risk factors for AD and FLG mutation
status in donor skin may prove informative in
this context. The observation that miR-335 is
epigenetically regulated raises the possibility
that other dysregulated miRNAs may be regu-
lated in a similar fashion. Epigenetic modifica-
tion is particularly critical in the immune
component of AD, and it will be of interest to
find out if a cohort of miRNAs including miR-
155, which is strongly upregulated in infiltrat-
ing immune cells [17], are regulated epigeneti-
cally in AD. miR-155 is implicated in
inflammation [17, 26] and is known to be epi-
genetically regulated in other contexts [27].

Overall, AD is a highly heterogenous disease
whose pathogenesis, manifestation, and associ-
ation with other atopic conditions vary signifi-
cantly between individuals. It is our hope that
continued investment into AD research leads to
a deeper understanding of the disease, and the
potential for tailored therapeutics.
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