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Abstract: Epidermolysis bullosa (EB) is a group of rare genodermatoses that is characterized by skin fragility resulting fromminor trauma.
There are four major subtypes, namely, EB simplex, junctional EB, dystrophic EB and Kindler EB, depending upon the localization of
defective protein and resulting plane of blister formation. The phenotype is heterogeneous in terms of severity and majority of them present
at birth or neonatal period. Currently, the treatment is mainly supportive and requires multidisciplinary care. The complex molecular
pathology creates difficulty in discovering a unified curative treatment approach. But with arduous efforts, significant progress has been
made in the development of treatment strategies in the last decade. The management strategies range from targeting the underlying causative
factor to symptom-relieving approaches, and include gene, mRNA, protein, cell and combination therapies. In this review, we enumerate the
promising approaches that are currently under various stages of investigation to provide effective treatment for patients with EB.
Keywords: epidermolysis bullosa, blistering skin disorder, gene replacement, gene editing, antisense oligonucleotides, siRNA
therapeutics, spliceosome-mediated RNA trans-splicing, revertant mosaicism, readthrough therapies, squamous cell carcinoma

Introduction
Epidermolysis bullosa (EB) is the prototype of genetic disorders of skin fragility where blister formation, skin peeling,
erosions and ulceration develop on various body parts such as nail, hair, teeth, oral, ocular, esophageal, tracheal, and
genito-urinary system. Majority of these disorders usually present at birth or neonatal period. The severe ones that
present at birth can succumb to illness as early as 6 months of age due to fever, sepsis, and failure to thrive. Some types
which present in childhood may resolve spontaneously with age and others may present in adulthood with mild
symptoms. The symptoms may be localized to hand and foot or generalized to the whole body with significant
involvement of other epithelial lined structures leading to multisystem involvement. Significant morbidity may be seen
due to recurrent infections, stricture formation in esophageal tract, contractures, acral mutilation, microstomia, anemia,
osteoporosis and cutaneous malignancies like squamous cell carcinoma and basal cell carcinoma.

These disorders have profound clinical and genetic heterogeneity. Genetics of EB is complex with the same gene
leading to both autosomal dominant (AD) and autosomal recessive (AR) inheritance with different phenotypes. Different
genes may lead to same phenotype in different subclasses as well. Many genes are still being discovered and the
complete molecular pathogenesis is yet to be deciphered. Figure 1 depicts different proteins and their localization that are
involved in pathogenesis of EB.

Classification: There are 4 major subtypes depending upon the layer of the skin where the defective protein is
localized and leads to blister formation in that layer:1

(i) EB simplex – fragility involving epidermis of skin
(ii) EB junctional – fragility involving lamina lucida of the basement membrane of skin
(iii) EB dystrophic – fragility involving lamina densa of the basement membrane of skin
(iv) Kindler EB – fragility involving skin epidermis or basement membrane or underlying connective tissue

International Journal of General Medicine 2022:15 5133–5144 5133
© 2022 Sait et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 10 March 2022
Accepted: 5 May 2022
Published: 24 May 2022

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


These 4 types are further classified into multiple types based on mode of inheritance, phenotypic severity and isolated or
syndromic. According to the latest classification of an international consensus group on inherited EB disorders, there are 14
subtypes of EB simplex, 9 subtypes of EB junctional and 11 subtypes ofEBdystrophic.1 Incidence of epidermolysis bullosa varies
with type, with EB simplex being the most common and Kindler EB being the rarest with only 250 reported individuals to date.2

Overview of Different Types of EB
(a) EB simplex (EBS): This type is characterized by non-scarring blisters and erosions triggered by minor mechanical

trauma. Seven genes have been implicated and 75% involve keratin 5 and 14, which are produced by basal
keratinocytes. These 2 keratins form a heterodimer to form a network and provide strength. The common subtypes
are enumerated in Table 1.

(b) EB junctional (JEB): This type is characterized by mild or severe blisters with little or no trauma and significant
oral and mucosal involvement. Genes maintaining lamina lucida are involved.3 Table 2 shows a few common
subtypes of junctional EB.

(c) EB dystrophic (DEB): Due to blistering in deep level of skin, fibrosis, milia and scarring is common. COL7A1
mutation leads to defective type VII collagen, which is the anchoring fibril in the basement membrane.3

Dystrophic EB subtypes are shown in Table 3.
(d) Kindler EB: Rare form of EB where blisters occur in multiple layers and hence it may mimic any of the 3 other

types. Characteristically, they present with blistering, atrophy, poikiloderma, telangiectasia, gum, ocular, esopha-
geal and genito-urinary involvement. Kindler EB has autosomal recessive inheritance and is caused by variation in
FERMT1 gene, which codes for kindlin-1. This protein is localized next to basal keratinocytes and has a role in
adhesion. Defective kindlin leads to disorganization of keratinocytes.4

Laboratory Diagnosis
Due to significant clinical overlap between the various subtypes, diagnosis based on clinical features is not entirely
possible. Routine histological examination does not have good resolution to identify the planes of cleavage and is
therefore not used. Other methods of diagnosis include immunofluorescence mapping (IFM) and transmission electron
microscopy (TEM).

Immunofluorescence mapping is a rapid technique where skin biopsy taken from perilesional area is subjected to fluorescent
labelled antibodies against the protein. This helps to visualize the layer of skin where cleavage occurs.3 Transmission electron

Figure 1 Various novel therapeutic strategies that are being explored in management of epidermolysis bullosa.
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microscopy identifies the ultrastructure aberration in the layer of the skin and delineates additional features such as keratin
filaments, desmosomes etc., whichmay help in subtyping.3However, both thesemethods require expertise on specimen transport,
processing, and result interpretation. They are labor- and cost-intensive and are therefore not available at all laboratories.
Moreover, artefacts may be produced due to use of local anesthetic or tissue handling. Some cases may produce no result
when no cleavage or immunofluorescence is seen. Also, these methods do not give any information about the underlying genetic
defect. Nevertheless, these techniques have demonstrated high sensitivity (IFM, 97%; TEM, 71%) and specificity (IFM, 100%;
TEM, 81%).5 These techniques are complementary to genetic testing and help in confirming the diagnosis in cases where variant
of uncertain significance is obtained in next generation sequencing.

At present, next generation sequencing is the gold standard for diagnosis of EB. The concordance of IFM and TEM
with next generation sequencing (NGS) is 76% and 78.5%, respectively.6 NGS based on massive parallel sequencing is
the most effective approach to identify the candidate gene. Molecular diagnosis not only confirms the subtype, but also

Table 1 Most Common Subtypes of EB Simplex

Type Gene Mode of
Inheritance

Age of
Onset

Involvement

Isolated

Localized KRT5 or

KRT14

AD Birth or early

infancy

Palmoplantar blistering with subsequent keratoderma

Intermediate KRT5 or

KRT14

AD Birth Generalized but less severe

Severe KRT5 or

KRT14

AD Birth Generalized blistering, life threatening tense herpetiform, nail dystrophy

With mottled pigmentation KRT5 or

KRT14

AD Birth Mild blistering,

mottled pigmentation of neck, upper trunk and acral skin; punctate

keratoderma; nail dystrophy

Migratory circinate erythema KRT5 AD Birth Blisters on an inflammatory migratory circinate erythema which progresses

to hyperpigmentation

Intermediate with PLEC mutations PLEC AD Birth Acral blistering

Intermediate with PLEC mutations PLEC AR Birth Intermediate presentation

Intermediate or severe with KRT

mutation

KRT5 or

14

AR Birth Widespread blistering with early mortality

Localized or intermediate with

BP230 deficiency

DST AR Variable Mild blistering on

hands and feet

Localized or intermediate with

exophilin 5 deficiency

EXPH5 AR Variable Generalized intermittent blistering,

mild pigmentation

Syndromic forms

Intermediate with cardiomyopathy KLHL24 AD Birth Erosions on limbs which heal to leave scar, diffuse alopecia, nail dystrophy,

dilated cardiomyopathy in adults

Intermediate with muscular

dystrophy

PLEC AR Birth Generalized blistering with mucosal involvement and nail dystrophy, variable

onset, tracheal stenosis

Severe with pyloric atresia PLEC AR Birth Generalized blistering or loss of skin at birth with pyloric atresia; early

mortality within a few months of birth

Localized with nephropathy CD151 AR Variable Pretibial blistering,

alopecia, esophageal webbing and nephropathy

Abbreviations: AD, autosomal dominant; AR, autosomal recessive.
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Table 2 Common Subtypes of Junctional EB

Type Gene Mode of
Inheritance

Onset Involvement

Isolated forms

Severe LAMA3, LAMB3 and LAMC2 AR Birth Blistering followed by granulation (oral and periungual), bulbous

nails, alopecia, dental enamel defects, hoarse cry,

failure to thrive

Intermediate LAMA3, LAMB3, LAMC2,

COL17A1

AR Birth Less severe, no granulation,

increased tendency to SCC

Localized LAMA3, LAMB3, LAMC2,

COL17A, ITGB4 and ITGA3

AR Childhood Symptoms limited to hands and foot

Inversa LAMA3, LAMB3, LAMC2 AR Birth Blisters in flexures, nail and dental anomalies

Late onset COL17A1 AR Childhood Acral involvement with nail and dental defects

Laryngo-onycho-cutaneous

(LOC) syndrome

LAMA3 AR Birth Marked granulation tissue on face, neck, larynx, eye

Syndromic forms

Interstitial lung disease and

nephrotic syndrome

IGTA3 AR Birth Variable involvement,

early death

Pyloric atresia ITGB4, ITGA6 AR Birth Skin loss, pyloric atresia, anal or duodenal atresia

Abbreviations: SCC, squamous cell carcinoma; AD, autosomal dominant; AR, autosomal recessive.

Table 3 Most Common Subtypes of Dystrophic EB

Type Gene Mode of
Inheritance

Onset Involvement

Intermediate COL7A1 AD Birth Generalized skin fragility, scarring and milia, microstomia, ankyloglossia and oesophageal

stenosis

Localized COL7A1 AD Birth, late

onset

Acral blistering, nail dystrophy, pretibial predominance

Self-

improving

COL7A1 AD Birth Blistering over extremities with aplasia cutis, scarring which resolves spontaneously after

2 years of age; cause not known

Pruriginosa COL7A1 AD Childhood,

adult

Pruritic linear cords of papules with fragility, scarring and milia over shins and arms

Severe COL7A1 AR Birth Widespread blistering with microstomia, ankyloglossia, esophageal stenosis, ocular

involvement, urethral stricture, pseudosyndactyly, loss of nails

Intermediate COL7A1 AR Birth More severe than AD form with contractures, digital fusion

Inversa COL7A1 AR Birth Generalized blistering from birth which localizes to flexural sites by adolescence

Localized COL7A1 AR Birth Same as AD localized

Self-

improving

COL7A1 AR Birth Same as AD self-improving

Pruriginosa COL7A1 AR Birth Same as AD pruriginosa

Severe COL7A1 AD and AR Birth Same as AR severe

Abbreviations: AD, autosomal dominant; AR, autosomal recessive.
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identifies those subtle types of EB which do not have ultrastructural abnormalities. Novel genes may also be identified
which may help in expanding the classification of EB and provide knowledge on the etiology of the disease. Confirmed
molecular diagnosis helps in predicting the disease outcome as well. It provides information on mode of inheritance,
which helps in counselling of the family and is also useful for the purpose of prenatal diagnosis.

Next generation sequencing may be offered in the form of targeted panels or whole exome. Targeted panels comprising the
testing for common genes have high efficiency (94.3%)7 and sensitivity ranges from 75–98%8 with low cost and rapid
turnaround time. Whole exome sequencing has the potential to identify novel disease-causing genes, further improving
diagnostic sensitivity. Large in-frame deletion in COL7A1 and KRT5 has also been reported and this can be diagnosed by
multiplex ligation-dependent probe amplification (MLPA) or quantitative polymerase chain reaction (PCR).9,10

The clinical practice guidelines for laboratory diagnosis of EB that has been previously published by internationally
recognized experts in this field emphasizes in detail the importance of early and accurate diagnosis.11

Management
Currently, there is no definitive treatment and cure remains elusive for epidermolysis bullosa (EB). A patient-centric
multidisciplinary approach therefore is required for the effectivemanagement of these individuals. One should adopt strategies
to ameliorate symptoms that are critically needed to increase patients’ quality of life. Good skin care to prevent infections,
encouraging wound healing, pain and pruritus control and minimizing complications by avoiding trauma, management of
extracutaneous complications, nutritional support, and occupational therapy are required for effective management.
Comprehensive guidelines regarding the interdisciplinary management of EB have been previously published.12

The following section will provide an overview of novel therapies (Figure 2) that are in various stages of
experimentation.

Figure 2 The 4 layers of skin with dermo-epidermal junctions and corresponding genes involved in the maintenance of their integrity. Basal keratinocytes
secrete KRT5 and KRT14, which form the intermediate filaments and interact with other cytoskeletal proteins in epidermis and lamina lucida to provide integrity and
adhesion. Gain of function mutations in KLHL24 gene leads to breakdown of intermediate filaments. AON: Anti sense oligonucleotide, SMaRT: Spliceosome-mediated RNA
trans-splicing.
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Novel Experimental Therapies
Supportive approaches do not sufficiently meet the medical needs of those suffering from severe EB subtypes. Hence,
strategies to correct or modulate the underlying disease mechanism are essential. This is reflected by the increasing
number of trials that are being conducted for this condition in the last decade. The goal of these trials is the prolonged or
permanent restoration of functional protein expression through addition, replacement, modification, disruption or
correction of the defect at the DNA, RNA, protein, or cellular level. The diversity of clinical pathology presents
a major challenge in optimizing patient management.

We divide these strategies into those that target the underlying cause and those that alleviate the associated
comorbidities.

Causal Strategies
DNA-Based Strategies
Epidermolysis bullosa (EB) is inherited in both autosomal dominant and recessive forms. Gene therapy strategies mainly
focus on replacing genes in recessive forms and silencing genes in dominant forms.

Gene Replacement Therapies

Ex vivo Gene Therapy. This therapy uses viral vectors to replace a missing gene product by isolating patients’ cells and
inserting a normal gene in vitro followed by expansion of corrected cells into epidermal sheets and grafting these back
onto wounds in patients. This method has been successfully utilized in three patients with junctional EB (JEB) who were
carrying mutations in the LAMB3 gene, with a major challenge of identifying the keratinocyte stem cell for the gene
therapy. Targeting the holoclone stem cells, which has the greatest capability of self-renewal and proliferation, led to
satisfactory results with no adverse effects on long-term follow up.13–15 However, a similar therapeutic effect was not
obtained in individuals with recessive dystrophic EB (DEB),16,17 partly owing to large size of the transgene. This
explains the varying therapeutic effects amongst different subtypes owing to differences in biology of affected protein.
General limitations of ex vivo gene therapy include requirement of multiple biopsies to ensure successful stem cell
isolation, and extensive debridement for wound bed preparation to increase engraftment success.18

In vivo Gene Therapy. This is performed via topical delivery of genetically corrected cells using vectors to chronic skin
lesions. In preclinical studies, highly branched poly(β-amino ester)/minicircle COL7A1 polymeric nanoparticles for gene
delivery in recessive DEB keratinocytes showed positive results.19 Currently, in vivo gene therapy using viral vectors is
being investigated for patients with DEB20 along with other clinical trials (Phase III trial, NCT04491604). Potential
advantages include low risk of immunological reactions, minimum toxicity, a more stable delivery, low costs, easy
manufacturing and reduced interventional burden.

The overall limitation of gene replacement therapy is patient selection. Only those patients who have partial but
positive expression of the mutated protein can be included in order to minimize the risk of autoreactivity to the newly-
formed wild-type proteins.21

Gene Editing Therapies
Gene editing by designer nucleases such as zinc-finger nucleases (ZNF), transcription activator-like effector nucleases
(TALEN) and clustered regularly interspaced short palindromic repeats (CRISPR) /CRISPR-associated protein 9 (Cas9)
have revolutionized the field of genetics. These tools can permanently correct the genetic defect at DNA level by utilizing
an exogenous donor template and generating double-stranded breaks at the loci of interest and activating endogenous
DNA repair mechanisms (non-homologous end joining (NHEJ) or homology direct repair (HDR). While NHEJ can be
used to induce disruption of a dominant mutant allele, reframing of a frameshift mutation or skipping of a mutant-bearing
exon, HDR can achieve a precise repair and complete restoration of the wild-type genetic sequence.22

In preclinical studies, TALENs were first used to edit primary recessive DEB fibroblasts through homology-directed
repair.23 Ex vivo gene disruption using these tools was achieved for dominant negative mutations in COL7A124 and
KRT5 genes.25 Another strategy like base editing, where precise point mutations can be generated instead of double-
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stranded breaks, has also been employed successfully in recessive DEB.26 Most recently, the expansion and refinement of
base editing in the form of “prime editing” represents a further advancement that can potentially edit the vast majority of
all pathogenic EB mutations.27 The dilemma regarding the efficacy and safety of these techniques, especially the
unpredictable off-target effect, precludes its entry into clinical applicability at present.

mRNA-Based Strategies
a) Antisense oligonucleotide (AON): AONs are short fragments of single-stranded DNA or RNA that specifically bind to
a complementary sequence in the target pre-mRNA and mask the mutated exon from the splicing machinery, thereby
excluding it from the mature mRNA. Thus, a truncated but functional protein can be obtained and is useful where in-
frame exons encode non-essential domains and their deletion from the protein is unlikely to result in major structural or
functional changes. This method has been successfully employed in patients with DEB due to mutations in exons 13, 70,
73, 80 and 105 of COL7A1 gene.28–31 A double-blind, randomized, intra-subject, placebo-controlled clinical trial of an
AON targeting exon 73 of COL7A1 gene in DEB wounds (NCT03605069) is currently being assessed.32 Overall
limitations of AON-based therapy include transient effect and its beneficial effect on a limited subset of patients with
desired mutations.

b) Small interfering RNA (siRNA): siRNA has gained attention as a potential therapeutic reagent due to its ability to
inhibit expression of a mutant mRNA without silencing the wild-type allele and is most suitable for dominant negative
mutations. This method has been employed in dominant DEB and EBS.33–35 The long-term safety of siRNA is still not
clear due to the off-target effect and intact delivery of siRNA into skin in vivo is a major challenge.

c) Spliceosome-mediated RNA trans-splicing (SMaRT): The endogenous splicing machinery is exploited to replace
mutated sequences of an endogenous pre-mRNA transcript with wild-type sequences provided by an exogenously
provided RNA trans-splicing molecule.36 The same template can be used to correct a pool of mutations. This type of
RNA editing was first achieved for PLEC gene37 followed by KRT1438 and COL7A139,40 genes by in vitro and in vivo
methods in preclinical studies.

Protein-Based Strategies
Replacement of a missing or faulty protein with wild type form is currently being evaluated only for recessive DEB and
is under Phase II trial (NCT04599881). A pre-clinical study has shown that intravenously injected Recombinant Human
Type VII Collagen led to its adherence to skin wounds and restored skin integrity of DEB.41 Poor uptake of protein by
skin cells owing to its size, poor accessibility to other extracutaneous tissues, unknown duration of efficacy and immune
responses are its downsides.

Cell-Based Strategies
Revertant mosaicism (RM) is a process by which inherited mutation is rescued by a second somatic or postzygotic
mutation that results in a functional protein. Because of this nature, it is often considered as a ‘natural gene therapy’. This
phenomenon has been reported in all types of EB, particularly in intermediate JEB.42 The mechanisms for revertant
mosaicism include formation of back mutations, second-site mutations, intragenic recombination, gene conversion and
errors during DNA repair.43 Revertant mosaicism in the skin can be readily detected using sequence analysis of genomic
DNA isolated using laser capture microdissection (LCM) of biopsies from suspected revertant areas, as well as
immunohistochemistry to detect changes in protein expression.44 This mechanism was exploited and the resultant patchy
healthy skin due to revertant mosaicism can be expanded in vitro and can be used to promote healing of affected skin
areas.45 Cultured epidermal autografts containing revertant cells have also been used in the management of chronic
wounds in patients with recessive DEB.46

Mesenchymal stem/stromal cells (MSCs), which have stem-cell capabilities, immunomodulatory and anti-
inflammatory effects, were delivered through various routes (intravenous/ intradermally) and their effects are being
assessed in patients with EB. In recessive DEB, intravenous infusion of MSCs resulted in improved wound healing and
reduced pain and itching in children.47 Usefulness of MSC subpopulation including bone marrow-derived muse cells
were also demonstrated in DEB patients.48 The unresolved doubts with this mode of therapy exist in terms of the type of
source, route of delivery, optimal dosage and treatment intervals and potential role of haploidentical donors.
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Combined Strategies
A Phase I, open-label, single-centre clinical trial evaluated the efficacy of combined ex vivo gene and cell therapy using
patients’ autologous fibroblasts in four recessive DEB patients. Patient fibroblasts were first modified ex vivo using
a self-inactivating lentiviral vector that carries COL7A1 cDNA. The gene-modified autologous fibroblasts were then
injected intradermally back into the patients. This treatment had no serious adverse effects and was well tolerated by the
patients.49

Readthrough Strategies
Nonsense mutations leading to premature stop codon (PTC) formation are present in 15–20% of JEB and recessive DEB
patients. In EB, nonsense mutations tend to result in severe phenotype due to complete or near complete absence of
functional protein. In premature stop codon readthrough strategies, a random amino acid is incorporated at the PTC
position in the mRNA. Depending on the impact of the introduced amino acid on protein folding, stability, and post-
translational processing, PTC readthrough therapies can result in the synthesis of a functional full-length protein by
inducing a conformational change at the decoding site, causing reduced translational fidelity and incorporation of near-
cognate tRNAs at the stop site.50 The common readthrough agents employed in various trials in EB include aminoglyco-
sides geneticin, gentamicin and paromomycin and anti-inflammatory drug amlexanox. This strategy has been utilized in
recessive DEB-derived cells51,52 and JEB keratinocytes carrying nonsense mutations within the LAMB3 gene.53 Two-
week daily intravenous gentamicin administration in four recessive DEB children not only improved wound healing for
at least 3 months, but also markedly increased C7 expression and anchoring fibrils.51 Three-weekly intravenous
gentamicin infusions (7.5 mg/kg/day) in five severe JEB neonates led to improved skin lesions in four subjects.54

Optimal dosing, treatment intervals, and the cumulative toxicity profile still need better definition.

Novel Strategies to Modify Disease and Alleviate Comorbidities
Blister Management
Topical application of a small molecule drug, diacerein, was found to significantly reduce the number of blisters and their
recurrence in RCTs of EBS.55 Upregulation of IL-1ß due to accumulation of mutated keratins is a characteristic feature of
few subtypes of EB. This rhein prodrug has been shown to reduce expression of K14 and inhibit IL-1ß converting
enzyme and found to be safe and effective as a 1% topical formulation.

Apremilast, a phosphodiesterase 4 inhibitor (PDE-4) that suppresses Th1/ Th17 activation has already been approved
for treatment of psoriatic arthritis and oral ulcerations in Behcet's disease. Since EBS fluid was found to have high levels
of Th17 cytokines, this drug was tried and a dramatic reduction in blisters were found in three patients and two of them
had sustained clinical remission.56

High Mobility Group Box-1 (HMGB1) is a peptide responsible for mobilizing MSCs from bone marrow and
recruiting them to damaged skin for repair. Based on preliminary data, a Phase II, single-arm, non-randomized,
uncontrolled clinical trial (UMIN000029962) to assess its role in recessive DEB showed satisfactory results in blister/
erosion reduction.

Pruritus Management
The role of neurokinin-1 receptor (NK1R) antagonist serlopitant is currently being evaluated in patients with any EB
subtype.57

A double-blind RCT is currently in place to evaluate the role of low-dose topical calcipotriol ointment on improving
wound healing in DEB.58 This is based on the antiproliferative role of calcipotriol on keratinocytes.

A monoclonal antibody drug, dupilumab, has already been approved for moderate to severe atopic dermatitis and is
currently being evaluated for EB-pruriginosa.59 It is an anti-interleukin-4 receptor alpha (IL-4Rα) monoclonal antibody
that inhibits both IL-4 and IL-13 signalling and modulates Th2-mediated immune mechanisms.

Wound Healing
Thymosin β4 is a naturally-produced polypeptide and has several wound healing properties, including anti-inflammation,
anti-fibrosis, pro-angiogenesis, stem cell recruitment and keratinocyte migration promotion.60 Currently, a single-blind
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Phase II clinical trial (NCT03578029) evaluating the efficacy of a topical thymosin β4 dermal gel on paired wounds in 15
JEB/DEB patients is underway.

A triterpene extract in sunflower oil, oleogel- S10 has been shown to promote wound healing through inflammation
modulation, stimulation of keratinocyte migration and altered epidermal differentiation. It acts irrespective of the underlying
molecular pathology in EB.61 Currently, preliminary results from a Phase III double-blind, randomized, placebo-controlled
“EASE” trial (NCT03068780) are showing sustained wound closure benefits in recessive DEB patients.

Deformities Correction
Chronic wounds lead to repeated cycles of inflammation eventually culminating in progressive fibrosis followed by tissue
destruction. This in turn results in mitten hand and foot causing severe disability. Transforming growth factor-beta (TGF-
ß), a pro-inflammatory cytokine, plays a key role in EB-associated fibrosis.62 Thus, modulating the expression of TGF-ß1
can help in reduction of fibrosis and the role of angiotensin II antagonist with anti-fibrotic effects, losartan, is currently
being evaluated in children and adolescents with recessive DEB.63

Risk of Skin Malignancy
One of the deadly complications of EB that significantly reduces the life span of these individuals is the risk of
developing aggressive squamous cell carcinoma (SCC) due to repeated wounds, infections and inflammation of skin.
In comparison to the general population, these individuals are at 70-fold higher risk of developing SCC.64 Conventional
treatments in the form of local excision, radiotherapy or chemotherapy can be detrimental owing to their adverse effects.
Hence, it is important to strike a balance between tumour suppression and its adverse effects on wound healing.

Few groups have evaluated the role of cetuximab, a monoclonal antibody targeting epidermal growth factor receptor
(EGFR) on EB patients with advanced cutaneous SCC as EB-associated SCC often express EGFR. However, they found
limited beneficial effects of the drug on survival but a better response is seen when administered early in the course of
illness.65,66

Currently, a multicentre Phase II clinical trial in recessive DEB patients with late stage, metastatic or unresectable
SCC is in place to evaluate the role of rigosertib, a PLK1 (polo-like kinase-1) inhibitor that has a strong and selective
apoptotic effect in recessive DEB-SCC cells (NCT03786237).

Anti-PD1 (programmed death-1) monoclonal antibodies are also being evaluated on EB patients with metastatic SCC
(Eudra CT-No. 2016-002811-16). PD1 is predominantly expressed on T cells, and, by binding to its ligands PD-L1 and
PD-L2 expressed on tumor cells, induces a negative signal that leads to effector T cell suppression. Specific antibodies
that block these interactions can thus lead to reactivation of the immune system and improvement of anti-tumour immune
responses.

To conclude, there has been tremendous progress in understanding the molecular genetics and underlying pathological
mechanisms of EB over the past few decades. Many preclinical and clinical attempts to develop new treatments for EB are
currently in place. Gene replacement therapy is an exciting approach and few studies have reached Phase III trials for both ex
vivo and in vivo approaches and this can benefit a subset of people with EB. mRNA-based therapies have better safety
standards but their effects are transient in nature and their use is restricted to a subset of people bearing specific mutations.
Despite rapid advancements in genome editing tools and their great potential, their entry at the clinical level in EB is still
precluded by their unpredictable off-target effects. Readthrough therapies, though restricted to nonsense mutations, showed
promising results in Phase I and II trials. Other regenerative cell-based therapies and strategies to mitigate the effect of
comorbidities are currently in Phase I, II and III trials and can significantly improve the quality of life of individuals with EB.
But one should also weigh the risks of some of these technologies against their potential benefits before their clinical
application. With advancing technologies, refinement of current innovative strategies with improved safety profiles for
successful treatment of this group of incurable diseases is not far from reach. The search for new methods of treatment will
keep expanding and provides hope for a definitive cure.
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