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abstRact
Background. Epidermolysis bullosa (EB) is a group of genetic blistering diseases. Despite many 

efforts, treatment for EB remains symptomatic. Revertant mosaicism, coexistence of cells carry-

ing disease-causing mutations with cells in which the inherited mutation is genetically corrected 

by a spontaneous genetic event (revertant cells) in one individual, can be found in EB. The natu-

rally corrected revertant keratinocytes provide a unique opportunity for autologous cell therapy.

Objective. We sought to locally treat EB by transplantation of revertant skin. 

Methods. Persistent ulcers in a patient with non-Herlitz junctional EB caused by to mutations in 

the LAMB3 gene were treated by transplantation of split-thickness biopsy specimens from one 

of his revertant patches. 

Results. All transplanted biopsy specimens were accepted and complete re-epithelialisation 

occurred within 14 days. During 18 months of follow-up, the patient never experienced blisters 

or wounds in the grafted area, nor in the healed donor site. Immunofluorescence and DNA 

sequencing showed that acceptor sites healed with transplanted revertant keratinocytes. 

Limitations. Punch grafting allows only limited expansion of revertant skin.

Conclusions. We demonstrate that phenotypical and genotypical correction of skin in patients 

with revertant mosaicism by expansion of revertant skin might be a promising therapeutic option 

for cutaneous manifestations of EB.

capsule summaRy
1.  There is yet no curative therapy for EB available. Common occurrence of revertant mosaicism 

in patients with junctional EB holds therapeutic promise.

2.  Autologous transplantation of revertant skin results in reversion of phenotype and genotype 

and requires no genetic manipulation.

3.  Use of revertant patches as a therapeutic platform may become an easy and available meth-

od to treat the skin of patients with EB.

 



4
67

intRoduction
Epidermolysis bullosa (EB) is a group of genetic blistering diseases caused by mutations in more 

than 17 different genes, including LAMB3. Patients with EB experience lifelong trauma induced 

blistering of the skin and mucous membranes together with extra-cutaneous symptoms. Despite 

many efforts, treatment for EB remains symptomatic and is mainly focused on wound care.1 

Skin grafting, in the form of dermal substitutes, cultured skin equivalents, or full-thickness and 

split-thickness autografts have been reported to treat wounds in patients with EB.2-8 Recently 

our group has described autologous punch grafting of healthy looking but genetically affected 

skin to treat chronic wounds originating from persistent blisters in patients with the junctional 

form of EB.9 With the healing rate of 70% this approach proved to be successful. However, all 

of the aforementioned methods for the treatment of EB wounds do not reverse the disease and 

therefore do not protect patients from recurrence of blisters and chronic wounds in the treated 

areas. The study conducted by Yuen et al. in our clinic showed a 16% recurrence rate in four pa-

tients.9 However, as stated by the author, the follow-up time was relatively short with a median 

of 6 months and range of 1 to 25 months.9 Moreover, extended unpublished follow-up of one 

of these patients resulted in an almost 100 % recurrence rate in his grafted areas. Thus there is a 

need for a curative treatment for patients with EB.

Revertant mosaicism, the coexistence of mutant cells carrying germline mutations and revertant 

cells that have spontaneously corrected the germline mutation by a somatic reverse mutation, 

is seen in genetic diseases of the skin, liver and blood.10 In EB, revertant mosaicism has already 

been described in patients with mutations in the COL17A1, COL7A1, FERMT1, KRT14 and 

LAMB3 genes.11 The presence of spontaneously corrected revertant keratinocytes provides 

a unique opportunity for autologous cell therapy and for the generation of patient-specific 

induced pluripotent stem cells.12, 13 We have previously described efforts to transplant cultured 

revertant skin grafts, which were unsuccessful.14 Here we report a case of successful therapeutic 

transplantation of revertant skin leading to the reversion of disease in the treated region. 

methods
Patient and intervention

Patient 029-01, a 69-year-old man with non-Herlitz junctional EB due to a homozygous splice-

site mutation in the LAMB3 gene (c.628G>A) had been confined to a wheelchair since 1993 

after transfemoral left leg amputation as a result of cutaneus squamous cell carcinoma.15 He pre-

sented with 7 persistent (>1 year) and painful ulcers: six on the lower aspect of his back (Figure 

1b) and one on his right foot. The total area of the ulcers was 7 cm2 and no signs of malignancy 

were present. On the patient’s body multiple revertant skin patches have been 
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previously identified.16 The large revertant area on the patient’s right shoulder (Figure 1a) ex-

hibited two different reversion mechanisms, c.628+3C>T and c.629-1G>A, both leading to an 

in-frame LAMB3 transcript (Figure 1i). For treatment of his ulcers we chose to use punch biopsy 

specimens from this revertant skin patch on his right shoulder.

The revertant skin patch was anesthetized with a field block by local injections of lidocaine 

(20mg/ml)/epinephrine (5µg/ml) and 73 3-mm split-thickness punch biopsy specimens were 

harvested and placed on a wet gauze (Figure 1a). Simultaneously wound debridement in all 

ulcers was performed. Harvested biopsy specimens were then divided between all ulcers and 

positioned in the wounds (Figure 1c). A silicone exudate transfer dressing (Mepilex Transfer®) 

was applied and covered with silicone foam dressing (Mepilex®). The patient was advised strict 

bed rest for the first five days after the procedure and was hospitalized for a total of seven days.

Results
Inspection took place five and seven days after the procedure during which adequate wound 

healing and no signs of infection were observed. All 73 transplanted punch biopsy specimens 

were accepted in the grafted area and complete re-epithelialisation occurred within 14 days 

(Figure 1d and 1e). Interestingly, 21 days after the procedure a blister appeared next to one of 

the treated ulcers. The blister did not spread into the transplanted area (Figure 1d), suggesting 

that the healthy phenotype had been restored. During the course of 18 months healing and 

blister formation were assessed. The patient was seen a total of 14 times by a dermatologist 

with a maximal interval of 2 months. Parallel to these evaluations he was asked to self-asses 

transplanted areas and, if in doubt, send photographs. In this follow-up period the patient never 

experienced blisters or wounds in the grafted area, nor in the healed donor site. In addition, he 

reported an improvement in carrying out his daily activities and was completely relieved of pain 

in the treated areas. 

Immunofluorescence staining for laminin-332 (lam-332) with GB3 monoclonal antibody on 

sections from both donor and acceptor sites after 10 weeks (Figure 1e, f, j and k) revealed levels 

of lam-332 expression comparable with normal-appearing control skin (Figure 1g), where as 

the biopsy specimen of mutant skin showed reduced intensity of lam-332 (Figure 1h). Further-

more, DNA analysis of revertant skin cells isolated from the donor and acceptor sections by laser 

dissection microscopy showed the presence of the same postzygotic reversion mutations in all 

samples (Figure 1i-1k), indicating that the donor site healed with revertant epidermis and that 

the acceptor sites were populated by the transplanted revertant keratinocytes. 



4
69

Figure 1. Junctional epidermolysis bullosa. Transplantation of revertant skin in a laminin-332 deficient patient.

Transplantation of revertant skin: (a) outlined revertant patch (donor site) on patient’s right shoulder and (b-e) acceptor site 

in patient’s lumbal region: two ulcers before transplantation (b), directly after placement of biopsy specimens (c); healed 

ulcers after 3 weeks (d) and 10 weeks (e). In (d) asterisk marks a blister that is not spreading to the transplanted region. In 

(f) the donor site 10 weeks following the procedure. Immunofluorescence staining for lam-332 (green) and DNA sequencing 

of LAMB3 (g-k). Biopsy sites (i), (j) and (k) are marked in (a), (f) and (e) respectively. Normal (g and i-k) and reduced (h) 

levels of lam-332 are visible in basal membrane zone. Corresponding DNA sequences with marked the germline c.628G>A 

(red asterisk) mutation and somatic reverse mutations (green asterisk). In samples from donor and acceptor sites the same 

reverse mechanisms were found.
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discussion
Transplantation of revertant skin, and therefore expansion of healthy, disease free skin, can 

highly improve quality of life in patients with EB. Earlier attempts, focused on cultured skin 

equivalents, were not successful because of an insufficient amount of revertant cells in the 

grafts (<3%).14 In this report we show that both donor and acceptor sites healed with revertant 

epidermis and expressed amounts of lam-332 comparable with normal-appearing human skin. 

Moreover, by tracing the reversion mechanism from the donor site on the shoulder, we know 

that the keratinocytes found in the healed ulcers originated from the donor revertant patch. This 

proves that our intervention led to expansion of the revertant surface area of the skin. 

In comparison with earlier reported methods for wound treatment in EB, our intervention 

resulted not only in healing of all treated wounds, but also restoration of a healthy phenotype 

and genotype. In autologous transplantation of mutant skin, one can expect blisters and chronic 

wounds in the treated area (donor site) because the graft carries the inherited mutation as seen 

in two patients described by Yuen et al.9 Our findings show that even 18 months after revertant 

skin is transplanted blisters do not spread into the treated area and the treatment is not only 

symptomatic but also curative. 

The advantage of using a punch graft for the treatment of chronic wounds in EB with revertant 

skin is the small size of each single graft. This is of great importance because revertant patches 

on the patient’s body are often small, multiple in number and irregular in shape and therefore 

the small size of punch biopsy specimens gives better control over which area is harvested and 

maximizes their use. 

Stable and long-lasting reversion of the EB phenotype by transplantation of revertant skin in a 

patient has a big impact on the development of revertant cell therapy. Treatment of the whole 

body surface will definitely be possible by application of cultured epidermal revertant grafts. 

However, if revertant cell therapy is to treat larger areas of mutant skin in one patient, methods 

allowing for higher in-vitro expansion of revertant keratinocytes are needed.

In conclusion, we show that phenotypical and genotypical correction of skin in patients with EB 

by transplantation of revertant skin is a promising therapeutic option for cutaneous manifesta-

tions of EB. 
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