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Abstract

Background Mutations in genes encoding laminin-332, type XVII collagen and integrin 
α6β4 subunits cause junctional epidermolysis bullosa (JEB). To date, the cleavage plane 
(level of tissue separation) for this heterogeneous group of inherited blistering diseases 
is established to be within lamina lucida. 

Objectives To systematically investigate whether there are different patterns of 
‘lucidolytic’ cleavage within JEB contingent to the involved protein and determine the 
translational value of this analysis.

Methods Lesional skin biopsies of JEB patients (n=22) were analyzed for cleavage plane 
with immunofluorescence antigen mapping (IFM). All the diagnoses were ascertained 
by molecular genetic analysis. The cleavage results were correlated with electron 
microscopy (EM) data. Pre-embedding immunoelectron microscopy studies were 
performed to investigate the expression and precise immunolocalization of study-
relevant molecules and substantiate the observations from IFM studies.

Results Analysis of immunofluorescence patterns in JEB reveals two types of 
‘lucidolytic’ cleavage: a low lamina lucida cleavage and a high lamina lucida cleavage. 
Mutations in genes encoding for type XVII collagen and integrin α6β4 subunits cause a 
high junctional cleavage, while mutations in genes encoding for laminin-332 lead to a 
low junctional cleavage. In the later cases, by means of immunoelectron microscopy, 
the laminin-332 in the blister roof was shown to co-localize with the hemidesmosomes.  

Conclusion These observations increase the scientific insight into the topographic level 
of blister formation and staining patterns in JEB. The main clinical implication is that it 
allows for an easy and straightforward identification of the affected protein, by pattern 
analysis, thus facilitating the diagnosis.

What’s already known about this topic?

The cleavage plane or level of blister formation in the skin of junctional 
epidermolysis bullosa (JEB) patients is established to be within lamina lucida.

What does this study add?

There are, in fact, two patterns of ‘lucidolytic’ cleavage in the lesional skin of 
patients with JEB. This pattern is contingent to the involved molecule. When 
laminin-332 is affected the cleavage is ‘low lucidolytic’, whereas if integrin 
α6β4 or type XVII collagen are involved the cleavage is ‘high lucidolytic’. 
In lesional skin of JEB patient, laminin-332 is localized in the blister roof and 
floor. The ‘connecting complex’ which extracts the individual laminin-332 
molecules from the basement membrane to the blister roof is the 
hemidesmosome
Pattern analysis of the cleavage plane can aid the diagnosis of JEB as it allows 
for an easier identification of the involved protein.
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Introduction 

The term epidermolysis bullosa (EB) was first introduced in 1886 and represents a 
group of diverse hereditary mechanobullous diseases, characterized by fragility of skin 
and mucous membranes 1. The clinical phenotype can be variable, ranging from 
relatively minor acral blistering to significantly compromised integrity of the skin, 
which results in fatality early in life 2. According to the new classification, published in 
2014, EB is divided into four major groups based on the level of skin cleavage: EB 
simplex (EBS), junctional EB (JEB), dystrophic EB (DEB) and Kindler syndrome (KS). 
Mutations in several structural proteins in the dermal epidermal junction, such as 
laminin-332, type XVII collagen, α6β4 integrin and α3 integrin subunit are implicated 
in JEB 3. An accurate and prompt diagnosis is essential in this group of disorders in order 
to formulate an appropriate prognosis. For this purpose, both electron microscopy 
(EM) and immunofluorescence antigen mapping (IFM) have been effectively used. 
However, EM is expensive, time-consuming, and requires expertise that might not be 
readily available 4. According to previous research, IFM is as dependable diagnostically 
as EM, at least for some subtypes of EB 5. Furthermore, IFM is currently the primary 
laboratory test employed for the diagnosis of EB and its subtype and it shapes the 
foundation for determining the candidate genes to be targeted in the mutation analysis 
4,6.

To date, the cleavage plane for all subtypes of JEB is considered lamina lucida, without 
further specifications 3,7,8. In this article, we demonstrate, by means of IFM, the 
presence of distinct lucidolytic cleavage patterns within the lesional skin of JEB 
patients. In addition, we propose an algorithm for the identification of the mutated 
gene in JEB based on the pattern of staining and independent from the intensity of 
staining. Furthermore, immunoelectron microscopy studies were employed to 
investigate the exact ultrastructural localization of laminin-332 molecules in the blister 
of a JEB patients and suggested clues to the mechanism of blister formation in JEB skin.

Material and Methods

Patients

The cases included in this study (n=22) were extracted from the Dutch Epidermolysis 
Bullosa Registry. The diagnosis of JEB was established based on clinical findings, IFM, 
EM and molecular genetic analysis. In order to get a representative picture of lamina 
lucida cleavage plane in JEB, skin biopsies of patients with mutation encoding laminin-
332, type XVII collagen and integrin α6β4 were analyzed.

Immunofluorescence microscopy

Punch biopsies preferentially from an artificially induced blister were prepared for IFM 
as previously described 9. The biopsies used for immunofluorescence staining and 
electron microscopy studies were taken as a part of the standard patient care. Special 
attention was given on selecting biopsies showing the roof and the floor of the blister. 
The monoclonal antibodies used in this study have been previously described. 
Pankeratin was stained with CK1 (DAKO, Glostrup, Denmark), plectin with HD-121, 
integrin α6 with GoH3, ectodomain integrin β4 with 58XB4 (gifts from Dr A. 
Sonnenberg, Amsterdam, the Netherlands). Monoclonal antibody specific for the 
ectodomain of type XVII collagen was 233 (epitope residues 1118-1143 in exon 48-49) 
(gift from Dr K. Owaribe, Nagoya, Japan). For the staining of laminin-332 we used three 
specific antibodies: K140 recognizing β3 chain (gift from B. Burgeson, Harvard 
University, Boston, Massachusetts, USA) and BM 165 recognizing the α3 chain (gift 
from Dr P. Marinkovich, Stanford University, Stanford, USA). Type VII collagen was 
identified with LH7:2 (gift from Dr I. Leigh, London, U.K.) All the primary mouse 
monoclonal antibodies were combined with Alexa488 goat anti-mouse IgG (Molecular 
Probes, Eugene, OR, USA), except for the rat antibody GoH3, which was combined with 
goat anti-rat IgG antibody (Southern Biothechnology Associates, Birmingham, AL, USA) 
for the secondary step. The slides were examined with a Leica DMRA fluorescence 
microscope (Leica, Solms, Germany) and images were captured with a Leica DFC350 FX 
digital camera (Leica Microsystems AG, Wetzlar, Germany) or Zeiss LSM780 Confocal 
Microscope (Zeiss, Germany).

Electron microscopy

For EM 2 mm punch biopsies were taken from similar locations as for IFM and prepared 
as described previously 10. The material was analyzed with a Philips CM100 
transmission electron microscope (Philips, Eindhoven, the Netherlands) for the 
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ultrastructural level of blister cleavage, as well as abnormalities in hemidesmosomes, 
subbasal dense plates, tonofilaments, anchoring filaments and anchoring fibrils.

Pre-embedding immunolabelling and scanning electronmicroscopy

Cryosections of 100 nm thickness of lesional patient’s skin were treated with 1% 
formaldehyde in 0,1 M Phosphate buffer, thereafter with 0,15 % Glycine in BPS. 
Blocking was done in incubation buffer (PBS with 1% BSA, 5% normal goat serum and 
1% cold water fish gelatin at 4oC in a humidified chamber. Mouse monoclonal anti 
laminin β3 (K140) and rat monoclonal anti integrin α6 (GoH3) were employed as 
primary antibodies. As secondary antibodies 10 nm gold conjugated goat-anti-mouse 
IgG/ biotin/streptavidin/Qdot655 or Alexa Fluor 488 FluoroNanogold conjugated goat-
anti rat IgG were used, respectively (Nanoprobes, Yaphank, NY, USA). GoldEnhance 
(Nanoprobes, Yaphank, NY, USA) was employed, which resulted in an amplification of 
the golden balls to 30-40 nm sizes. 

Results

A total of 22 lesional skin biopsy specimens across different JEB subtypes and mutated 
target protein underwent IFM. The diagnosis in these patients was determined on the 
basis of clinical findings, IFM, EM and genetic analysis; individual characteristics are 
described in Table 1.  Blister mapping with monoclonal antibodies (mAb) against pan 
keratin (CK1) and plectin (HD-121)(not shown) stained exclusively the blister roof, 
whereas mAb against type VII collagen (LH7:2) stained exclusively the blister floor, thus 
providing evidence for a true lamina lucida cleavage plane in all patients. In this study, 
we revealed the presence of two distinct lucidolytic cleavage patterns within JEB 
(Figure 1). Patients with mutations in genes encoding type VII collagen and integrin 
α6β4 have a high lamina lucida cleavage plane, whereas patients with mutations in 
genes encoding laminin-332 have a low lamina lucida cleavage plane. The later 
observation came from the identification of the laminin-332 in the blister roof and floor 
of the blister (Figure 1c). By means of transmission electron imaging we identified the 
exact immunolocalization of the laminin-332 molecules in the blister roof and floor 
(Figure 3 a, b), and showed their consistent co-localization with the integrin α6 subunit, 
a hemidesmosomal component (Figure 2).

Discussion

IFM has established itself as an accurate study method for the establishment of EB 
diagnosis. Consistent with our findings, in a series of EB patients, previous studies 
showed that all junctional cases related to mutations in the gene encoding type XVII 
collagen and integrin β4, IFM established the expression of laminin-332 chains at the 
blister floor. On the other hand, in literature JEB cases resulting from mutations in 
genes encoding laminin-332, the expression of laminin was either absent or identified 
on the floor or the roof of the blister in reduced intensity11,12. The authors speculated 
that these different patterns might be correlated to the different underlying mutation 
in JEB in LAMA3, LAMB3, or LAMC2 genes. To our knowledge, no investigation to asses 
any such correlation has been performed thus far. 

Our study, on the other hand, consistently indicated that the JEB cases with mutated 
laminin-332 protein showed expression of this molecule both in the blister floor and 
blister roof; in certain cases, however, a meticulous finding. It is unclear why this 
‘mirrored’ expression was not described earlier; a possible explanation could be 
related to its subtlety in cases with considerably reduced expression of laminin-332. 
Further, our JEB cases involving mutations in type XVII collagen and integrin α6β4 
expressed laminin-332 exclusively in the blister floor (Figure 1a, b), consistent with the 
literature.  Simplified models of structural organization of epidermal basement 
membrane (EBM) zone in blistering JEB skin are represented schematically in Figure 1 
B, row. These illustrations integrate information derived from IFM performed in our 
study. Subsequently, the question arose, what causes the presence of laminin-332 in 
the blister roof in the JEB cases resulting from laminin-332 mutations? Equally, what is 
the reason laminin-332 is consistently found within the blister floor in the JEB cases 
with either type XVII collagen or integrin α6β4 involvement? 

Laminin-332 is an essential component of the dermal-epidermal junction. Mutations in 
genes encoding its three constituent polypeptide chains abrogate or perturb the 
functions of laminin-332. Through its interactions with integrin α6β4 in the 
hemidesmosomes and α3β in the focal adhesions, laminin-332 links the basal 
keratinocytes to the epidermal basement membrane (EBM) and provide nucleation
sites for self-assembly of these EBM components and their further polymerization13,14. 
In healthy skin, it has been shown that 90% of laminin-332 concentrates immediately 
under the hemidesmosomes, whereas the remainder is distributed along the EBM 
where is believed to promote stable epithelial-stromal attachment by interaction with 
other laminin isoforms15,16.
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We hypothesized that the laminin-332 molecules expressed in the blister roof were 
‘drawn’ out of the EBM by the strength of their connection with the hemidesmosomal 
molecules. The laminin-332 that remained in the blister floor were likely not associated 
with hemidesmosomes and remained connected to other laminin isoforms in the EBM 
and to type VII collagen17. In fact, our immunoelectron microscopy established the 
consistent co-localization of laminin-332 and integrin α6 (hemidesmosomal 
component) in the blister roof (Figure 3a), thus supporting our hypothesis. These 
observations suggest that there is a hierarchy in the connection strength between 
different components of the dermal-epidermal junction. If the hemidesmosomal 
proteins (integrin α6β4 and type XVII collagen) are involved in the pathophysiology of 
EB, hemidesmosomes are rudimentary and few, ensuing insufficient binding strength 
to ‘draw’ laminin-332 molecules to the blister roof. This results in their expression 
exclusively in the blister floor.

The idea that the hemidesmosomal connection is the strongest at the site of the 
dermal-epidermal junction is further supported by the observation that IFM of skin 
biopsy from a JEB patient resulting from integrin α3 (focal adhesion component, Figure 
2) mutations showed staining of laminin-332 in the blister roof and blister floor18. As 
this rare JEB case represents a focal adhesion disorder and hemidesmosomes were no 
affected, we hypothesize that allowed for the ‘drawing’ of laminin-332 to the blister 
roof.  Interestingly, a lethal case of JEB associated with LAMC2 mutations,
heterozygous for a nonsense mutation (p.Q896X) and a splice site mutation (764-10T-
>G)  resulted in reduced production of wild type laminin-332, presence of normal 
hemidesmosomes, and tissue separation both underneath lamina densa and in the 
lamina lucida 19. This case further argues for the high affinity adhesion of 
hemidesmosomal components to laminin-332, exemplifying how mature 
hemidesmosomes are able to exert considerable binding strength.

The only exception in the studied group was a patient (EB 112-01) with ITGB4
mutation, where staining for laminin-332 was noticed in the blister floor and also a few 
points in the blister roof (not shown). Curiously, the EM analysis of the case reveals 
extensive doubling of lamina densa throughout the skin biopsy. The reason for this 
occurrence in this patient is not certain. Repeated repair attempts of the dermal-
epidermal junction might be an explanation. We believe, however, this to be a 
plausible explanation for staining both the floor and the roof when one would expect 
only floor staining. It is important to note that the roof staining was minimal.

Furthermore, when analyzing cleavage patterns in JEB, it is important to note the 
presence of a broadened EBM zone seen in JEB-late onset (JEB-lo) and associated with 

type XVII collagen mutations. The broadened, aberrant structure of the EBM could well 
explain why these cases exhibit staining for laminin-332 both in the floor and the roof 
of the blister 20. Presumably, this is caused by mutated type XVII collagen forming 
abnormal, covalent interactions with laminin-332 21.

Notably, the skin biopsies of JEB patients affected by mutations in type XVII collagen 
showed a strong reduction or absence of apical-lateral staining in the basal (Figure 1e). 
Our group has previously shown that even in heterozygous carriers of COL17A1 
mutations with no clinical abnormalities of skin, nails or hair, reduced apical-lateral 
staining of the basal cells was observed 22. Loss or reduction of apical-lateral staining is 
thus a sensitive finding for mutation in type XVII collagen. In our practice, most (Mab) 
1A8C/1D1 negative patients with a generalized blistering phenotype have residual 
staining with 233 and NCC-Lu-226 antibodies. These monoclonal antibodies bind to all 
three forms of type XVII collagen (180-kDA, 120kDA and 97-kDa) and their expression 
is the last one to disappear. With the aim of analyzing staining patterns, the strongest 
protein expression is desired, thus the monoclonal antibody (Mab) 233 was used for 
the identification of type XVII collagen.  

Taken together, the results allowed for the development of an algorithm for the 
identification of the affected JEB protein based on pattern analysis (Figure 4); this may 
aid in the identification of the candidate gene, especially in cases where more than one 
dermal-epidermal junction component has a reduced expression.

In summary, this investigation showed that the analysis of IFM patterns is a 
straightforward and rapid technique to identify the involved protein in JEB. The 
interpretation of the cleavage pattern can be done in most laboratories performing 
routine immunofluorescence studies. The results can be consequently utilized for 
determining the prognosis for an individual and reduce the costs of genetic mutational 
analysis through easier identification of the candidate genes, especially in countries 
were genetic skin panels are not yet available. In addition, current study provides an 
insight in the ultrastructural topography of blister formation in JEB skin.
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‘drawn’ out of the EBM by the strength of their connection with the hemidesmosomal 
molecules. The laminin-332 that remained in the blister floor were likely not associated 
with hemidesmosomes and remained connected to other laminin isoforms in the EBM 
and to type VII collagen17. In fact, our immunoelectron microscopy established the 
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hemidesmosomes, and tissue separation both underneath lamina densa and in the 
lamina lucida 19. This case further argues for the high affinity adhesion of 
hemidesmosomal components to laminin-332, exemplifying how mature 
hemidesmosomes are able to exert considerable binding strength.

The only exception in the studied group was a patient (EB 112-01) with ITGB4
mutation, where staining for laminin-332 was noticed in the blister floor and also a few 
points in the blister roof (not shown). Curiously, the EM analysis of the case reveals 
extensive doubling of lamina densa throughout the skin biopsy. The reason for this 
occurrence in this patient is not certain. Repeated repair attempts of the dermal-
epidermal junction might be an explanation. We believe, however, this to be a 
plausible explanation for staining both the floor and the roof when one would expect 
only floor staining. It is important to note that the roof staining was minimal.

Furthermore, when analyzing cleavage patterns in JEB, it is important to note the 
presence of a broadened EBM zone seen in JEB-late onset (JEB-lo) and associated with 

type XVII collagen mutations. The broadened, aberrant structure of the EBM could well 
explain why these cases exhibit staining for laminin-332 both in the floor and the roof 
of the blister 20. Presumably, this is caused by mutated type XVII collagen forming 
abnormal, covalent interactions with laminin-332 21.

Notably, the skin biopsies of JEB patients affected by mutations in type XVII collagen 
showed a strong reduction or absence of apical-lateral staining in the basal (Figure 1e). 
Our group has previously shown that even in heterozygous carriers of COL17A1 
mutations with no clinical abnormalities of skin, nails or hair, reduced apical-lateral 
staining of the basal cells was observed 22. Loss or reduction of apical-lateral staining is 
thus a sensitive finding for mutation in type XVII collagen. In our practice, most (Mab) 
1A8C/1D1 negative patients with a generalized blistering phenotype have residual 
staining with 233 and NCC-Lu-226 antibodies. These monoclonal antibodies bind to all 
three forms of type XVII collagen (180-kDA, 120kDA and 97-kDa) and their expression 
is the last one to disappear. With the aim of analyzing staining patterns, the strongest 
protein expression is desired, thus the monoclonal antibody (Mab) 233 was used for 
the identification of type XVII collagen.  

Taken together, the results allowed for the development of an algorithm for the 
identification of the affected JEB protein based on pattern analysis (Figure 4); this may 
aid in the identification of the candidate gene, especially in cases where more than one 
dermal-epidermal junction component has a reduced expression.

In summary, this investigation showed that the analysis of IFM patterns is a 
straightforward and rapid technique to identify the involved protein in JEB. The 
interpretation of the cleavage pattern can be done in most laboratories performing 
routine immunofluorescence studies. The results can be consequently utilized for 
determining the prognosis for an individual and reduce the costs of genetic mutational 
analysis through easier identification of the candidate genes, especially in countries 
were genetic skin panels are not yet available. In addition, current study provides an 
insight in the ultrastructural topography of blister formation in JEB skin.

7 - 135

518316-sub01-bw-Turcan.indd   135 10-04-18   08:23



518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan518316-L-sub01-bw-Turcan
Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018Processed on: 10-4-2018 PDF page: 136PDF page: 136PDF page: 136PDF page: 136

Figure 1. Lucidolytic cleavage (asterisk) patterns in junctional epidermolysis bullosa 
(JEB). (A) Indirect immunofluorescence staining of JEB blistering skin and control. In 
patients with affected type XVII collagen(a) or integrin α6β4 (b) the staining for laminin-
332 is located exclusively in the blister floor, the cleavage plane is therefore high 
lucidolytic. JEB patients with mutations affecting laminin-332 (c), express laminin-332 
both in the blister roof and floor, thus suggesting a low lucidolytic cleavage plane. The 
apical-lateral staining for type XVII collagen is absent in patients with COL17A1 
mutations (e) compared to normal in JEB patients with mutations affecting integrin 
α6β4 (f) or laminin-332 (g). (B) Schematic representation of cleavage plane in JEB and 
distribution of involved targeted proteins.136 - 7
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patients with affected type XVII collagen(a) or integrin α6β4 (b) the staining for laminin-
332 is located exclusively in the blister floor, the cleavage plane is therefore high 
lucidolytic. JEB patients with mutations affecting laminin-332 (c), express laminin-332 
both in the blister roof and floor, thus suggesting a low lucidolytic cleavage plane. The 
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Figure 2. Schematic representation of the main adhesion complexes at the site of 
dermal-epidermal junction. 

Figure 3. Immunoelectron microscopy showing the mirrored expression of laminin-
332 in blistering skin biopsy of a JEB patient affected by mutations involving 
laminin-332.
The larger dots represent integrin α6 molecules (Alexa Fluor 488 FluoroNanogold 
conjugated goat-anti rat IgG), whereas the agglomeration of smaller dots represent 
the β3 chain of laminin-332 molecules (gold conjugated goat-anti-mouse IgG/ biotin/ 
streptavidin/ Qdot655). Consistent co-localization of laminin-332 and integrin α6 is 
noted through the blister roof (a). Laminin-332 in the blister floor (b).
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Figure 2. Schematic representation of the main adhesion complexes at the site of 
dermal-epidermal junction. 

Figure 3. Immunoelectron microscopy showing the mirrored expression of laminin-
332 in blistering skin biopsy of a JEB patient affected by mutations involving 
laminin-332.
The larger dots represent integrin α6 molecules (Alexa Fluor 488 FluoroNanogold 
conjugated goat-anti rat IgG), whereas the agglomeration of smaller dots represent 
the β3 chain of laminin-332 molecules (gold conjugated goat-anti-mouse IgG/ biotin/ 
streptavidin/ Qdot655). Consistent co-localization of laminin-332 and integrin α6 is 
noted through the blister roof (a). Laminin-332 in the blister floor (b).
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Figure 4. Algorithm for the identification of the affected protein in JEB blistering skin, 
based on immunofluorescence pattern analysis.
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Figure 4. Algorithm for the identification of the affected protein in JEB blistering skin, 
based on immunofluorescence pattern analysis.
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