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LABORATORY DIAGNOSIS OF EPIDERMOLYSIS BULLOSA
HRY Prasad, M Ramam

Epidermolysis bullosa (EB) is a group of
inherited disorders that manifest with blistering of
 the skin and mucous membrane after trivial trauma.
On the basis of the level of cleavage, EB has been
categorised into 3 major types: epidermolysis bullosa
simplex in which an epidermal cleavage develops at
the level of basal keratinocytes, junctional
epidermolysis bullosa which demonstrates a cleavage
within the basement membrane and dystrophic
epidermolysis bullosa with a cleavage below the level
of the basement membrane.! Each major type of EB
has several subtypes.? Accurate classification of EB
into types and subtypes is not possible based on
clinical examination or on routine histopathology and
till recently, electron microscopy was required to
establish the diagnosis. Lately, major advances have
been made in understanding the molecular basis of
EB and this has led to the development of
immunoreagents to map antigens in the basement
membrane zone and molecular techniques to identify
the underlying gene defect. This review focusses on
the laboratory methods to diagnose and classify the
types and subtypes of EB.

Need for accurate subclassification

In a disease for which no effective treatment
is available, classification may appear to be an
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this is probably true. Fortunately, it is now possible
to make a prenatal diagnosis with a very high degree
of accuracy by looking for the genetic defect in
chorionic villus samples. However, defects in a
number of different genes are responsible for the
different types of EB and it is wasteful and expensive
to screen for all the defects in each case. Accurate
classification of the affected child by non-molecular
methods narrows down the search for the genetic
defect in the affected child and during next
pregnancy.

Classification is also essential to study the
epidemiology and prognosis of the disease and its
various subtypes. Valuable clinical lessons have been
learnt from the epidermolysis bullosa registry
including of clinically differentiating the various types
based on signs such as scarring, milia and syndactyly
and the reduced life expectancy in dystrophic EB
because of an increased risk of squamous cell
carcinoma and malignant melanoma.?

Collection, preservation and transport of
samples

The major techniques used are routine
histopathology, immunohistopathology or antigen
mapping, electron microscopy and mutation based
diagnosis. A skin biopsy is required for the first 3
investigations and blood samples, buccal swabs or
skin biopsy for cell cultures are required for mutation
based diagnosis.
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Muitiple skin biopsies need to be taken for
the complete typing and subtyping of EB. Four skin
biopsies are required for a complete work up: one
each for histopathology, immunohistopathology
(indirect immunofluorescence), electron microscopy
and cell culture. Ideally, 4 different biopsies should
be taken rather than splitting one large biopsy into 4
pieces to prevent crushing and alteration of tissue
architecture. It is best to biopsy a fresh blister,
preferably less than 12 hours old. Alternatively, a
cleavage can be induced by gently rubbing the
clinically normal skin with a pencil eraser and biopsy
taken from this area.

For routine histopathology, 10% buffered
formalin is an adequate fixative. Glutaraldehyde is
used as a fixative for electron microscopy. Michel’s
medium can be used for immunohistopathology.
Biopsies for cell culture may be transported in sterile
normal saline if they are likely to reach the laboratory
in a few hours. If the transit time is longer, a transport
- cell culture medium should be used. Importantly,
biopsies for cell culture should never be placed in
formalin.

Samples of peripheral blood for molecular
studies should be anticoagulated with EDTA.

Principles of histopathological and electron
microscopic examination of the skin are familiar to
dermatologists and do not require reiteration.

Antigen mapping or immunohistopathology is
based on the ability to stain antigens whose
ultrastructural localisation is known.3 The relation of
the cleavage in a given biopsy to these antigens can
be studied to identify the type and subtype of EB. In
addition, the presence of certain peculiar subtypes
or the absence of an antigen that is normally seen
aids in the diagnosis.

Mutation based diagnosis is performed by
using cell cultures from_ the skin of the proband.*
Keratinocyte cultures and fibroblast cultures can
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provide adequate DNA, mRNA and other biochemical
material for the detection of abnormal protein
(Western blotting), decreased or absent mRNA levels
(Northern blotting) and DNA sequencing. The latter
can reveal the mutant allele and the mutation leading

to the disease. Alternatively a restriction fragment

length polymorphism (RELP) technique on the DNA
derived from lymphocytes or buccal swabs can reveal
a mutant allele. The detailed methodology for the
molecular diagnosis of EB can be found in Ref.3.
Classifying EB

EB has 3 major types: EB simplex, junctional
EB and dystrophic EB and each major type has many

subtypes. The major types can be identified by
electron microscopy and immunohistopathology.

Histopathology

On light microscopic examination of H & E
stained skin biopsies, the appearance of all other 3
types is similar with a split that usually appears to be
subepidermal. In EB simplex, the vacuoles seen in
tha basal cells adjacent to the blister cavity gives a
clue that the split is at the level of basal
keratinocytes.® In sections stained with PAS
technique, the PAS positive basement membrane is
found on the floor of the blister in EB simplex while it
is found on the roof in dystrophic EB. Thus routine
histopathology may identify EB simplex but does not
differentiate between junctional and dystrophic types.
Of the subtypes of EB, EB simplex superficialis is the
only one which can be identified confidently on H &
E because of the distinctive location of the split just
beneath the stratum corneum.s
Electron microscopy

Electron microscopy can localize the site of
the split and continues to be the gold standard for
the diagnosis of EB.> In EB simplex, the split accurs
through basal keratinocytes. Degenerative cytolytic
changes lead to a cleavage between the nucleus of
the basal cells and the basement membrane. Early




cytolysis is indicated by the presence of cytoplasmic
vacuoles. Junctional EB shows a split in the lamina
Table I. Immunohistopathological typing of EB
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the roof but also has a spotty distribution on the
floor of blister. In dystrophic EB, both antigens are
seen on the roof.

Collagen IV/8P antigen | Subtyping EB

Each type of EB has many major and minor
subtypes (Table II). The classification of inherited

EB and comprehensive algorithmic approaches

using clinical and laboratory criteria to subtype EB

'Typc Localization | Collagen 1V/Pankeratin
. Roof Pankeratin -
t S|mplvex Floor Collagen 1V (Continuous | Collagen 1V, 3P antigen
[segmental)
Roof Pankeratin BP
Junctional " gy Collagen IV Collagen 1v, BP antigen
(Spotty)

) Roof Pankeratin, Collagen IV

‘Dystrophnc EB Floor N

Collagen Iv, BP antigen |are reviewed in detail in Ref 2. The laboratory

Jmethods for subtyping are discussed below.

lucida. In Herlitz variants the hemidesmosomes
usually appear dysplastic and reduced in number and
may lack subbasal cell dense plaque. Dystrophic EB
shows a split below the lamina densa in the superficial
papillary dermis.

Immunohistopathology

A combination of antibodies against
components of the basement membrane zone can
also be used to identify the type of EB. Two such
combination are commonly used: antibody to collagen
IV in conjunction with a pankeratin antibody® and
antibodies to bullous pemphigoid antigen (BP) and
collagen IV’ (Table I). With the first combination in
EB simplex the immunoperoxidase staining for
collagen 1V is seen linearly along the floor of the
blister while the roof is stained with pankeratin
antibody. In addition, there is a continuous or
segmented staining for keratins on the floor along
the basement membrane. In junctional EB too, the
staining for collagen 1V is present at the floor, while
pankeratin antibody stains the roof. However, there
is no band of keratin-along the floor. In dystrophic
EB, the staining for both antigens are on the roof of
the blister. '

With a combination of collagen IV and BP
antigen, both antigens are demonstrated on the floor
in EB simplex. In junctional EB, collagen 1V localises
to the floor while BP antigen is mainly detected on

Epidermolysis bullosa simplex

EB simplex manifests trauma induced blisters
which heal without scarring. The revised classification
system for inherited EB has subclassified EB simplex
into 4 common and 3 rare variants, most of which
have a dominant inheritance.? The 4 common variants
are the Weber - Cockayne subtype, the Kobner
subtype, Dowling - Meara subtype with grouped
blisters and EB simplex with mottled pigmentation,
autosomal recessive EB simplex without muscular
dystrophy and EB simplex superficialis.

Electron microscopy

Three subtypes of EB simplex can be
recognised by electronmicroscopy. Characteristic
intracytoplasmic clumping of tonofilaments in the
basal cells is noted in the Dowling - Meara variant.?
In EB simplex with muscular dystrophy, the keratin
filaments are dissociated from the hemidesmosomes.
In EB simplex superficialis, the blister is found beneath
the stratum corneum.

Molecular pathology

EB simplex subtypes are all associated with
mutations of genes encoding keratins 5 (KRT 5) and
14 (KRT 14).>1° Keratins have a central w-helical
domain flanked by globular domains al either ends.
Evolutionary analysis has shown that the region
between the - helical and globular domains contain
highly conserved sequences. Mutations that alter




these highly conserved regions of keratin 5 or 14
produce the most severe phenotypic effects, such as
that seen in Dowling - Meara subtype, ! whereas
mutations that involve other areas of keratin 5 and
" 14 produce a milder disease. This report suggests
that the severity of the disease in EBS is determined
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simplex vaiants are as yet unknown.
Immunohistopathology

Immunofluorescent staining with monoclonal
antibodies to various epitopes of plectin and its closely
related HD1 molecule on frozen sections

Table II. Types and subtypes of EB

demonstrates a complete absence or marked
\reduction of plectin along the basement

membrane zone in EB simplex-muscular
dystrophy.'s17 At present this is the only
subtype of EB simplex in which immunostaining

is helpful in making an accurate diagnosis.
Junctional epidermolysis bullosa

All the subtypes of junctional EB have
autosomal recessive inheritance. There are 3
major and 2 minor subtypes of junctional EB.?
The major subtypes are junctional EB - Herlitz,
junctional EB-non Herlitz and junctional EB with
pyloric atresia. The minor subtypes are
junctional EB-inversa and junctional EB - late

rMajor EB type | Major EB subtype Minor EB subtype
EB simplex EB simplex Weber-Cockayne EB simplex Mottled pigmentation
EB simplex Kobner EB simplex Autosomal recessive
EB simplex Dowling-Meara EB simplex Superficialis
EB simplex Muscular dystrophy
Junctional EB | Junctional EB-Herlitz Junctional EB-Inversa
Junctional EB-Non-Herlitz Junctional EB-Late onset
Junctional EB-Pyloric atresia
Dystrophic EB | Dominant dystrophic £B Dominant dystrophic EB-Pre-tibial
Recessive dystrophic EB- Dystrophic EB-Transient bullous
Hallopeau - Siemens dermolysis of new born
Recessive dystrophic EB-non- | Dominant dystrophic EB-
Hallopeau - Siemens pruriginosa
Recessive dystrophic EB- Inversa
Recessive dystrophic EB -
centripetalis
Dystrophic EB, autosomal
dominant/autosomal recessive
heterozygote
, o— J

onset,

by the location of the mutation in the keratin gene.
However, Sorenson et al'*® state that the phenotype
correlates with the type of amino acid substitution
rather than with the location of the mutation. The
genetic defect in EB simplex with mottled
pigmentation involves the globular head domains of
keratin,13.14

The genetic defect in EB simplex with
muscular dystrophy, a recessive subtype, has been
found to be in the gene for plectin, a protein that
links intermediate filaments to keratinocyte plasma
membrane and is expressed in hemidesmosomal
plaque and Z lines of striated muscles. The mutations
of plectin gene are usually premature termination
codon mutations which result in absence of plectin
expression, 1516

The molecular basis of other uncommon EB

The Herlitz subtype is the most severe
of the junctional EB subtypes. It is frequently lethal
and is characterised by generalised blistering of the
skin and mucous membranes associated with
exuberant periorificial granulation tissue. There is
widespread blistéring of respiratory, gastrointestinal
and genitourinary mucosae. Tracheolaryngeal
blistering is common and may lead to stenosis and
hoarseness of voice; poor prognostic signs in infancy.
Teeth are dysplastic due to enamel defects and nails
are usually lost. The non Herlitz variant is
characterized by blistering and erosion of skin and
mucous membranes which is much less severe than
Herlitz variant.

Junctional EB with pyloric atresia is a variant
which is characterised by the presence of pyloric
atresia in association with chronic blistering and
erosions, lack of prominent granulation tissue and
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frequent involvement of the genitourinary tract. It is
usually lethal in infancy.'8

Generalised atrophic benign epidermolysis
bullosa (GABEB) is a non lethal variant which presents
with generalised cutaneous involvement at birth. The
revised classification system of EB has eliminated the
term GABEB and incorporates it into non-Herlitz
variant of junctional EB.2

Electron microscopy

In the Herlitz and EB-pyloric atresia variants,
there are very few, small hemidesmosomes, indistinct
sub-basal dense plaques and reduced association
between the hemidesmosomes and the keratinocyte
filament network in the basal cells.?

There are no characteristic ultrastructural
abnormalities in the other subtypes of junctional EB.

Molecular pathology

The Herlitz variant of junctional EB is
associated with a mutation in the gene encoding
laminis. Laminin 5, a component of anchoring
filaments, is a heterodimeric protein consisting of 3
polypeptides 3, 3 and 2, each encoded by a distinct
gene, LAMA3, LAMB3, LAMC2, respectively. About
80% of the mutations in the Herlitz variants are in
the LAMB3 gene.* All the 3 chains of laminin 5 are
necessary for the structural assembly of the protein.
Premature termination codon mutations on both allels
of one of these results in the complete absence of
laminin 5, clinically manifestations as the severe
Herlitz variant.® But when the mutation is of the
null type in one allele and of a structural type in
another, there is a reduction in the synthesis of
laminin 5 protein, resulting in non Herlitz junctional
EB.2t

The previously described entity of GABEB has
abnormalities of type XVII collagen. Type XVII
collagen, also referred to as bullous pemphigoid
antigen 2 (BPAG 2) is a 180 KDa transmembrane
protein which is involved in maintaining adhesion
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between epidermis and BM. Mutations in genes
encoding BPAG2 have been detected in cases of
GABEB. These are premature termination codon
mutations leading to reduced production and
expression of BPAG2 protein, which results in the
fragility of the adhesion between epidermis and BM.2
Though the majority of GABEB patients have
mutations in type XVII collagen, some patients had
a reduced expresson of laminin 5 and a case with a
mutation involving LAMB 3 gene has also been
identified.? The diversity of the genetic defects
underlying this clinical variant indicates that it may
not be an independent entity and is one of the
reasons for including it under non-Herlitz variant in
the revised classification of EB.2

The expression of a684 integrin is abnormal
in patients of junctional EB with pyloric atresia. In
these cases the B4 integrin was absent or markedly
reduced. Absence of o 6 integrin has also been
reported. Premature termination codon mutations
have been detected in genes encoding the integrin
o634 (ITGA6and ITGB4).24% The integrin 06p4 is a
transmembrane molecule in the hemidesmosome
which mediates adhesion by attaching internally to
keratin cytoskeleton and externally to laminin. This
integrin plays a critical role in hemidesmosomal
assembly and in absence of B4, the a6, is down
regulated, resulting in disruption of hemidesmosomal
structure, and the attachment of epidermis to the
BM becomes fragile. These integrins are also present
in gastrointestinal tract and kidneys, thus leading to
the manifestation of pyloric atresia and
hydronephrosis.

The molecular pathology of junctional EB late
onset is unknown.

Immunohistopathology

Subtyping can be done using various
antibodies and an immunofluorescent technigue on
frozen sections.




In Steroid Responsive Dermatoses’

Fluticasone propionate 0.005% w/w Fluticasone propionate 0.05% w/w
Ointment Cream

Flutivate

Clearly Potent & Clearly Safe

Abridged Prescribing Information :

Composition :

Flutivate Cream : contains

Fluticasone propionate 0.05% w/w

in a non- greasy base.

Flutivate Ointment :contains Fluticasone propionate
0.005% w/w in a greasy base.

Indication :

FLUTIVATE* is indicated for the treatment of
eczema; dermatitis, psoriasis and linchen planus.
Dosage and Administration :

Apply a tin film of FLUTIVATE* cream to affected
areas, for eczema/ dermatitis once daily, and for

all other indications, twice daily.
Contra-Indications:

Rosacea, Acne vulgaris, Perioral dermatitis, Primary
cutaneous viral infections (eg. herpes simplex,
chickenpox). Hypersensitivity to any of the
ingredients. Perianal and genital pruritus,

Primary infected bacterial or fungal skin lesions and
dermatoses in children, including dermatitis and
napkin eruptions.

Precautions and Warning :

“Keep out of Reach of children. Overt supperssion

of the HPA-axis (morning plasma cortisol< 5mcg/dl)
is very unlikely to result from therapeutic use of
FLUTIVATE* unless treating more than 50% of an
adult's body surface and applying more than 20g
per day. The other areas of the body, may exhibit atrophic
changes after prolonged treatment with potent
topical corticosteroids. If applied to the eyelids,
care is needed to ensure that the preparation does
not enter the eye so as to avoid the risk of local
irritation or glaucoma.
Pregnancy and Lactation :
Administration of fluticasone propionate during
pregnancy should only be considered if the
expected benefit to the mother is greater than any
possible risky to the foetus. However, plasma levels
in patients following dermal application of
fluticasone propionate at recommended doses are
likely to below. The excretion of fluticasone into
human breast milk has not been investigated.
Adverse Reactions:
FLUTIVATE* is generally well tolerated. Prolonged
and intensive treatment may cause local effects
such as skin atrophy, hypertrichosis and
pigmentary changes, or systemic effects of
hypercorticism. Systemic effects are more likely
only with prolonged use in infants and children,
or where occlusion occurs, such as under the napkin
Pharamaceutical Precautions and
Recommendations:
Storage:
Store in cool place below 30°c.
Presentation : Flutivate Cream 10gm tube
Flutivate Ointment 10 gm tube
* Trademak of Glaxo Group Limited.
# Steroid Responsive Dermatoses

For full prescribing

information, Please write to:

Glaxo India Ltd.,

Dr. Annie Besant Road,

Worli, Mumbai - 400 025. Website address:
Hitp://www.glaxowellcome.co.in

References: 1) U. S. FDA-notification ,
17th June 1999

Glaxo Wellcome Commited ta sbcn care

DERMA







The Herlitz variant can be recognised by
staining with GB3 antibody which reacts poorly of
not at all with the basement membrane of patients
with Herlitz junctional EB.Z Though the antibody
recognises an epitope-on the y2 polypeptide chain of
laminin 5 this epitope is also obscured when there is
a defect in the p3 and a3 chains of laminin 5.2
Consequently, any structural abnormality of laminin
5 can be detected by GB3 antibody.

In junctional EB non-Herlitz and junctional EB-
inversa, GB3 staining may be normal or reduced.

A subset of junctional EB-non-Herlitz patients
who were previously termed as GABEB demonstrate
a reduced or absent staining with antibodies to
collagen XVII (BPAG2) along the BM.?%

Immunostaining for laminin 5 is normal in
junctional EB-pyloric atresia. Antibodies to epitopes
of 4 integrin demonstrate reduced or absent staining
along the basement membrane zone of these
patients.!%3 Rarely, staining for a6 integrin may also
be absent.3!

Dystrophic epidermolysis bullosa

Dystrophic EB is clinically characterized by
extensive blistering and erosions of the skin and
mucous membranes which heal with scarring, milia
and atrophy. The nails may be dystrophic or absent.
There are 3 major subtypes of dystrophic EB2:
dominant dystrophic epidermolysis bullosa, recessive
dystrophic EB- Hallopeau - Siemens and recessive
dystrophic EB, non-Hallopeau-Siemens.

Electron microscopy

The cleavage is detected below the lamina
densa in the superficial papillary dermis. The
anchoring fibrils are reduced or entirely absent or
may be morphologically abnormal.32 Anchoring fibrils
are usually absent in the univolved skin of generalised
recessive dystrophic EB. In localised recessive
dystrophic EB and dominant dystrophic EB, the
anchoring fibrils are present though reduced in
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number.® Occas,i_onaliy, intraepidermal granular
inclusions have been noted in some subtypes of
dystrophic EB and in transient bullous dermolysis of
the newborn.** Immunoelectron microscopy has
shown these inclusions to consist of collagen VII,**

Molecular pathology

All the variants of dystrophic EB have a
mutation in the gene encoding collagen VII (COL7A1),
a component of anchoring fibrils. The type of
mutation appears to determine the particular
phenotype.¥” In the severe recessive dystrophic EB-
Hallopeau-Siemens there are premature termination
codon mutations on both alleles of COL7A1 gene,
which leads to a complete absence of type VII
collagen.*® Milder and localised variants of recessive
dystrophic EB have a structural mutation encoding a
full length protein in one allele and a premature
termination codon mutation in the order COL7A1
gene.* The nature of the structural mutation appears
to determine the clinical phenotype.

In dominant dystrophic EB, the mutation
almost always is a glycine substitution that
destabilises the triple helix of type VIII collagen and
interferes with the secretion or promotes degradation
of the mutant molecule. %4

Immunohistopathology

LH 7.2 is a monoclonal antibody that reacts
with N-terminal of collagen VII. On immunostaining
of frozen sections using LH 7.2 antibody, there is an
absence or reduced staining for collagen VII along
the basement membrane in generalised or localised
forms of recessive dystrophic EB, respectively.®4
A normal linear pattern of staining is noted in
dominant dystrophic EB. Staining with a specific
lamina densa antigen associated antibody (KF-1) and
with other antibodies against collagen VII have also
demonstrated reduced or absent stains in recessive
dystrophic EB and normal staining in dominant
dystrophic EB.4445
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In transient bullous dermolysis of newborn,
LH 7.2 antibody has demonstrated intraepidermal
inclusions of collagen VII.* Similar inclusions have

also been seen in dccasional cases of generalised

and localised dystrophic EB.
Prenatal diagnosis of EB

EB can be diagnosed \n utero made by
obtaining a fetal skin biopsy at 15-18 weeks of
gestation. The presence or absence of a split can be

identified by light microscopy but electron microscopy
is needed to detect the precise level of cleavage.
Immunohistopathology using monoclonal antibodies
that are of diagnostic value in the affected parent or
sibling can also be used for prenatal diagnosis.
However fetal skin biopsy has some disadvantages.
It can be done only at 15-18 weeks of pregnancy}
which is a fairly advanced stage of pregnancy with
attendant risks if a termination of pregnancy is
necessary. In addition, the procedure carries a small
risk of fetal loss. .

Detection of specific molecular defects and
the responsible genes has made the DNA-based
prenatal diagnosis of EB a reality. By doing a chronic
villus biopsy, specific mutations can be detected as
early as the 10th week of gestation.* Genetic linkage
analysis for dystrophic.EB can be performed without
the knowledge of the specific mutation in the family,
because all forms of dystrophic EB result in mutations
in COL 7A1 gene on chromosome 3p21.1. On the
other hand, a different approach is required for DNA
based prenatal testing in the types of EB where the
same clinical and ultrastructural phenotype is
produced by mutations in different genes e.g. LAMA3,
LAMB3 or LAMC2 in Herlitz junctional EB and ITGA6
or ITGB4 in EB-pyloric atresia). Since these genes
are located in different chromosomal regions,
knowledge of the specific mutation in a particular
family is a prerequisite for prenatal diagnosis.*

Conclusion

Depending on the level of cleavage,

epidermolysis bullosa is broadly classified into 3 types:
simplex, junctional and dystrophic, and more than
20 subtypes are described. Routine histopathology
is insufficient to subclassify the disease. Electron
micrscopy is helpful in classifying the type of EB and
in detecting certain subtypes. Immunostaining with
particular monoclonal antibodies is as effective as
electron microscopy. Mutation based diagnosis is
being increasingly applied to identify the specific
genetic defect in a particular patient. Accurate
subtyping facilitates genetic counselling and DNA
based prenatal diagnosis for subsequent pregnancies.
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