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TO THE EDITOR
Revertant mosaicism (RM) is the coexistence of mutant cells carrying germline mutations and 

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

mutation. Revertant mosaicism has been reported for a number of genetic diseases,1 including 

epidermolysis bullosa. Moreover, the �rst case of revertant mosaicism in skin was found in a 

Dutch patient 026-01 with junctional epidermolysis bullosa caused by mutations in COL17A1. 

The patient was compound heterozygous for a maternal deletion in exon 18, c.1601delA, and 

paternal nonsense mutation in exon 51, c.3676C>T.2 Due to gene conversion the c.1601delA 

mutation was corrected and the patient presented a clinically healthy skin patch on her forearm 

(Figure 1a), where affected (mutant) and corrected (revertant) keratinocytes co-existed (Fig-

ure 1b). Recently, we found revertant mosaicism to occur in all Dutch patients with junctional 

epidermolysis bullosa.3,4

Naturally corrected keratinocytes expressing type XVII collagen (Col17) harvested from a revert-

ant patch can be used for autologous cell therapy. Unfortunately, the �rst attempt to transplant 

revertant keratinocytes did not succeed because of a surprisingly low percentage of revertant 

cells in the graft (3%).5 To explain the depletion of revertant cells we have analyzed the process 

of skin equivalent production. Additionally, we have decided to study the feasibility of revertant 

cell therapy in an animal model to assess the long-term survival of revertant cells after engraft-

ment. Written, informed consent was obtained, and all procedures were conducted in accor-

dance with the Declaration of Helsinki principles.

Our revertant cell source was the revertant patch on the forearm of patient 026-01 (Figure 1a). 

A previous biopsy specimen from this area stained for Col17 showed 50% revertant cells (Figure 

1b).2,4,6 Next to the earlier diagnostic biopsy location a 6-mm punch biopsy was taken (Figure 

1c) from which keratinocytes and �broblasts were isolated with collagenase and trypsine/EDTA 

enzymatic digestion, and cultured as described before.7 Keratinocytes were cultured on a feeder 

layer and passaged when con�uent to expand the culture for animal model experiments and 

banking. The �rst passage was performed 9 days after isolation and the second passage (p2) 

was done 7 days later. During both passages a side sample was taken, cultured on coverslips, 

air�xed and the number of revertant cells was assessed by immuno�uorescence (IF) microscopy 

with the 1A8C monoclonal antibody (mAb) against Col17 (gift from Dr. K. Owaribe, Nagoya, Ja-

pan). Stainings showed 40% revertant cells after �rst passage, and 25% revertant cells after the 

second passage (Figure 1e and 1i). A sample of the keratinocytes was further cultured, which led 

to a drop of revertant cells to 15%, 1% and <1% after passage 3, 4 and 5, respectively. Growth 

potential was tested with colony forming ef�ciency assay and showed that cells isolated from 

the revertant patch had growth potential comparable to keratinocytes from a healthy patient 

(Supplementary 1). Colonies were further stained with VK4 mAb, which revealed that colony 
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proliferation in the Col17 negative cells.14 Further studies are required to assess whether such 

differences account for a growth advantage of mutant keratinocytes. To overcome the in-vitro 

depletion of revertant cells for a therapeutic approach, a method for selection of Col17 revertant 

cells compatible with clinical patient care is needed. 

In this study we show that after a marked decrease during in-vitro expansion on plastic, the 

percentage of revertant keratinocytes stabilizes during skin equivalent production and remains 

stable in-vivo (Figure 1i). This proves long-term survival of revertant keratinocytes suggesting 

that we transplanted revertant epidermal stem cells. Hereby we demonstrate the feasibility of 

the revertant cell therapy for Col17 de�cient patients. 

Figure 1 (right). (a) Patient 026-01: left arm, outlined revertant patches, red asterisk marks the location of previous diagnos-

tic biopsy; (b) Immuno�uorescence of the diagnostic biopsy showing 50 % of the cells being reverant (white asterisk); (c) 

Biopsy for cell culture is taken from the revertant patch (outlined) next to the previous diagnostic biopsy (red asterisk); (d) 

Immunohistochemical staining of the colony forming ef�ciency assay with VK4 mAb showing two small revertant colonies 

(red asterisk) next to a large mutant colony (black asterisk); (e) Cultured keratinocytes on coverslips stained with 1A8C mAb 

(green) against the intracellular domain of Col17. In blue cell nuclei; (f) Samples of skin equivalent stained with 1A8C mAb 

(green). In blue cell nuclei. White asterisk indicates the revertant regions of the epidermis; (g) Revertant graft (asterisk) on 

mouse back 6 weeks after transplantation. Pigmentation is visible where human skin is present; (h) Graft on mouse sampled 

10 weeks after transplantation and stained with VK4 mAb (green) against the intracellular domain of Col17 and with mAb 

against mouse keratin 1 (red). In blue cell nuclei. The white line separates murine (Mouse) and human (Human) epidermis; 

(i) Percentage of revertant cells during in-vitro culture, production of the skin equivalent and after transplantation. For in-vi-

tro analysis after passage 1 and passage 2, 4761 and 2924 cells were counted, respectively.



3
59












