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A case of erythrokeratoderma variabilis without mutations
in connexin 31
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Erythrokeratoderma (EK) variabilis is a heterogeneous group of diseases characterized by migratory
erythematous patches and hyperkeratotic plaques. Mutations in connexin 31 have recently been
found to underlie several cases of EK variabilis. We describe a Japanese girl with extensive lesions
that appeared to be a form of EK variabilis, clinically resembling genodermatose en cocardes (Degos).
Our patient had characteristic migratory rosette or target-like erythematous keratotic plaques with
peripheral scaling in addition to relatively fixed keratotic plaques. Sequencing of the connexin 31
gene did not detect mutations. Skin biopsy showed parakeratotic hyperkeratosis with hyper-
granulosis. Immunohistochemically, suprabasal keratins, involucrin and profilaggrin were
unequivocally expressed, while loricrin expression was greatly diminished and deiminated K1
was undetectable. Our results confirm aetiological heterogeneity in EK. The histological features
suggest disruption of keratinocyte terminal differentiation at a very late stage.
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Erythrokeratoderma (EK) represents a heterogeneous
group of disorders characterized by asymptomatic,
widespread, well-demarcated erythematous and hyper-
keratotic lesions with initial onset in infancy or early
childhood (McKusick 133200).173 Two major subtypes
have been recognized: EK variabilis (Mendes da Costa)*
and EK progressiva symmetrica (Gottron). Both are
inherited as an autosomal dominant trait. Skin lesions
of classic EK variabilis consist of two types, migratory
erythematous areas and fixed hyperkeratotic plaques,
while lesions of EK progressiva symmetrica are rela-
tively fixed erythematous keratotic plaques. In addition
to these ‘classic’ and relatively well-documented types
of EK, several rare variants have been reported. Among
them is EK en cocardes or genodermatose en cocardes
(Degos), another dominantly inherited disorder.” This
has usually been regarded as a rare variant of EK
variabilis, although changeable erythema without
hyperkeratosis is not seen.””® The skin lesions are
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characterized by migratory rosette or target-like
plaques with peripheral scales.

Until now, two types of gene abnormalities have been
detected in EK: an insertion mutation in the loricrin
gene detected in a family with a form of EK progressiva
symmetrica,” and mutations in connexin 31 found in
several pedigrees with EK variabilis.>® We report a
further patient with EK who had both transient and
fixed erythematous keratotic plaques. We could not
detect a connexin 31 gene mutation or mutant
loricrin expression, confirming further genetic hetero-
geneity in EK. Histological examination suggested
disruption of keratinocyte differentiation at a very
late stage.

Case report

An 8-month-old Japanese girl presented with general-
ized scaly erythematous lesions. No skin lesions were
noted at birth, but the eruption had been present since
she was 3 months old. Lesions were initially detected on
her heels, and gradually extended to other body sites.
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She was otherwise healthy and the skin condition Examination revealed multiple, sharply demarcated,
seemed to be asymptomatic. A detailed family history slightly raised, scaly, erythematous papules and plaques
revealed no similar cutaneous condition in the on her scalp, face, trunk, buttocks and four extremities
relatives. There was no history of consanguinity. (Fig. 1a—c). The plaques on the scalp, hands, knees and

Figure 1. (a) Figurate, targetoid, arciform and geographically bordered erythematous keratotic plaques with large and small lamellar scales are
seen on the right leg. (b) The same area is shown 3 weeks later. Note that shapes of the skin lesions have greatly changed over the course of time.
(c) A diffuse erythematous keratotic plaque is evident over the right foot. (d) Skin biopsy of one of the plaques on the right thigh revealed
parakeratotic hyperkeratosis, moderate hypergranulosis and acanthosis (haematoxylin and eosin; original magnification x 100).
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feet were relatively fixed with geographical borders.
On the other sites, especially the trunk and thighs,
migratory annular or arciform plaques with peripheral
whitish lamellar scales were observed. These fleeting
lesions started as small red spots, spreading outwards
gradually, and lasted for several weeks. Her palm and
sole skin was persistently rough, scaly and erythe-
matous. Numerous new annular lesions erupted on
her trunk and extremities when she experienced
febrile illness such as exanthema subitum or common
cold. The nails of all fingers and toes showed spoon
nail deformity. No follicular papules were detected.
Mucous membranes, teeth and hair were normal,
and no other physical abnormalities were noted.

No fungal elements were detected in KOH preparations
of the scales. Full blood cell count, liver function tests,
serum triglycerides and cholesterol values, glucose,
creatinine, serum urea nitrogen, calcium and phosphate
concentration and urinalysis were within normal limits.
Lactate dehydrogenase isoenzyme pattern was normal.
Antinuclear antibodies were not detected. Serum levels of
vitamin A, IgE, oestradiol, progesterone and thyroid
hormones were all normal. Chest X-ray, electrocardio-
gram, electroencephalogram and skull magnetic reso-
nance imaging gave normal results. No neurological or
ophthalmological abnormalities was detected.

To date, at 2 years of age she is still suffering from
both stable and transient skin lesions, but has
developed no hair abnormalities such as bamboo
hairs. Mental and physical development are also
normal. Topical therapy with ointment containing
10-20% urea and 0-0002% tacalcitol cream provided
little benefit. Oral retinoids have not been used to date
in view of her young age, apparent lack of symptoms
and the chronic course of the condition.

Biopsy of a plaque on her right thigh showed
hyperkeratosis with parakeratosis, mild hypergranu-
losis and mild acanthosis (Fig. 1d). A minimal lym-
phocytic infiltrate was noted around the superficial
blood vessels. Electron microscopy showed no abnormal
keratin aggregation (not shown). Immunohistochemi-
cal studies were performed as described previously.” 1"
As the primary antibodies, antibodies against involu-
crin (BT601, Biomedical Technologies, Stoughton, MA,
U.S.A.), filaggrin (BT576, Biomedical Technologies),
loricrin (AF62, Berkeley Antibody Company, Richmond,
CA, US.A.), epidermal suprabasal keratins (343B4, Enzo
Diagnostics, New York, NY, US.A.), deiminated K1
peptide’ "' and mutant loricrin'® were used.

In the patient epidermis, involucrin and filaggrin-
positive cell layers were thicker than normal, proportional
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Figure 2. Immunohistochemical staining for involucrin (a,b) (pro)-
filaggrin (c,d) and loricrin (e,f) in the patient with erythrokerato-
derma (a,c,e) and a normal human subject (b,d,f). Involucrin and
filaggrin are expressed in the patient skin as well as in normal skin,
but loricrin expression is greatly diminished in the patient epidermis
except in the cells around the intraepidermal sweat duct (left in e).
Epidermal—dermal junctions are marked with black dots (original
magnification x 100).

to the thickened spinous and granular cell layers.
Loricrin expression, however, was greatly diminished
(Fig. 2), while it was normally expressed in the acro-
syringial cells. Expression of 343B4 was positive in the
differentiated keratinocytes, as in normal skin (Fig. 3).
Deiminated K1, which was conspicuous in the stratum
corneum of normal skin, was not detected in patient
skin. Mutant loricrin, which was uniquely expressed in
a family with EK progressiva symmetrica,'> was not
detected in our patient (not shown).

DNA was obtained from the blood of the patient and
her parents. Genomic DNA encompassing the coding
sequences of connexin 31 and connexin 26 was
amplified by polymerase chain reaction, as described
previously.®>?1* No sequence variants were detected in
either of the genes (not shown).

Discussion

We consider our patient to have a form of EK. The
erythematous plaques with peripheral scaling were
reminiscent of Netherton syndrome (ichthyosis linearis
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Figure 3. Immunofluorescence staining of 348B4 (R-phycoerythrin,
red) and deiminated K1 peptide (fluorescein isothiocyanate, green) in
the patient with erythrokeratoderma (a) and a normal human subject
(b). Double-positive cells are seen in yellow. 348B4 is positive in the
suprabasal cell layers both in the patient and in normal skin.
Deiminated K1 peptide-positive cell layers, which are double-positive
to 34B3B4, are seen in the stratum corneum of normal skin, but not in
the patient skin. Nuclei are stained with 4,6-diamino-2-phenylindole
(blue) (original magnification x 160).

circumflexa), but no hair abnormalities, double-edged
scales, eosinophilia or increased IgE levels were
detected. Pityriasis rubra pilaris was excluded because
of the lack of follicular papules. Hereditary lactate
dehydrogenase M-subunit deficiency’® was excluded
based on the normal results of isoenzyme pattern. The
annular epidermolytic ichthyosis variant of bullous
congenital ichthyosiform erythroderma'® was also
excluded based on the absence of tonofilament clump-
ing on electron microscopy. Keratolytic winter erythema
(Oudtshoorn skin disease)'” was excluded because there
was no characteristic seasonal variation, peeling of the
palms and soles or necrotic Malpighian layer. Continual
peeling skin syndrome'® was excluded because the
stratum corneum surrounding the peripheral scales
was rather adherent and could not be peeled manually.

Because of the presence of various subtypes,'>192¢
the classification of EK has been a matter of debate. The
classical EK variabilis described by Mendes da Costa is
characterized by two types of skin lesions: figurate
hyperkeratotic plaques and transient erythematous
areas.*?! The latter are independent from the former,
changing shapes and distribution capriciously within
minutes, hours or days. The fleeting erythematous
lesions observed in our patient were slightly raised
scaly patches with annular or arciform configuration
and peripheral lamellar scales, distinct from those in
classical EK variabilis. These are very similar to those
described in EK en cocardes (Degos),” although the
involvement of palms and soles seems to be less
conspicuous in the previous case reports. Because of
marked variability of expression even within a family
with EK variabilis,?? EK en cocardes is usually regarded

simply as a variant of EK variabilis."?®2° In fact,
annular erythematous lesions with scaling have been
observed in patients with typical features of EK
variabilis.®*° Distinction between EK variabilis and EK
progressiva symmetrica may also be ambiguous, as was
highlighted by the case of two siblings, one with EK
variabilis and the other with EK progressiva sym-
metrica,?® and by a large family with EK variabilis,
including patients with various expressions: some
members had keratoderma alone, others had erythema
alone, and still others had both types of skin lesions.**
In view of the variability and the overlap of clinical
manifestations of EK, nosology solely based on clinical
appearance may not be sufficient. More appropriate
classification of this disease spectrum will be established
only when the underlying molecular defects are
thoroughly identified.

Previous immunohistochemical?>?® and electron
microscopic studies on EK?*3-2772? are difficult to assess,
because molecular analyses of the disease were not
performed. Heterozygous mis-sense mutations in the
connexin 31 gene have recently been detected in five
families with EK variabilis.®® An insertion mutation in
the loricrin gene has been found in one family with EK
progressiva symmetrica with palmoplantar kerato-
derma.” We analysed the connexin 31 gene as well as
the connexin 26 gene, which is responsible for
palmoplantar keratoderma with deafness,'*3%3! but
no mutations were detected. Mutant loricrin, which is
uniquely expressed in loricrin keratoderma,'® was not
detected either. The results of the present histological
and immunohistochemical analyses suggest a disrup-
tion of keratinization at a very late stage. Keratinocyte
differentiation is accompanied by sequential changes of
cell morphology, expression and modification of various
keratinization-associated proteins.w'u'3 233 Current evi-
dence indicates that expression of the suprabasal
keratins involucrin and profilaggrin precedes expres-
sion of loricrin, deimination of K1 and disintegration of
nuclei. Because our patient’s epidermis displayed
unequivocally the set of earlier differentiation markers,
but not of late markers, we speculate that the
molecular defect of the disease could be some unknown
factor(s) that affect or regulate terminal differentiation
of keratinocytes.

Mutational analysis of Cx30.3 in this family revealed
the unaffected father was a compound heterozygote for
E204A/C169W, the mother was wildtype and the
affected child was heterozygous for the E204A allele
inherited from the father. At present, these appear to be
non-disease associated polymorphisms in the Cx30.3
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gene suggesting that a mutation in another gene other
than Cx31 and Cx30.3 can also underlie EKV.

Acknowledgments

This work was supported by grant-in-aid for scientific
research (10470184 to A.I-Y.) and grant-in-aid for
exploratory research (11877138 to A.I-Y.) from the
Ministry of Education, Science, Sports and Culture of
Japan. We are grateful to Drs Yasumasa Ishibashi
(Tokyo), Takeji Nishikawa (Tokyo), Hideoki Ogawa
(Tokyo) and Hiroshi Shimizu (Sapporo) for sharing
their expert clinical opinions.

References

1

(91

10

11

12

13

McKusick VA. Erythrokeratodermia variabilis. In: Mendelian
Inheritance in Man (McKusick VA, ed.), 10th edn, Vol. 1.
Baltimore: Johns Hopkins University Press, 1992: 369.

Sybert VP. Erythrokeratodermas. In: Genetic Skin Disorders (Sybert
VP, ed. ). Oxford: Oxford University Press, 1997: 40-9.

Griffiths WAD, Judge MR, Leigh IM. Erythrokeratoderma. In:
Textbook of Dermatology (Champion RH, Burton JL, Burns DA,
Breathnach SM, eds), 6th edn. Oxford: Blackwell Science, 1998:
1533-6.

Mendes da Costa S. Erythro- et keratodermia variabilis in a mother
and daughter. Acta Derm Venereol (Stockh) 1925; 6: 255-61.
Degos R, Delzant O, Morival MH. Erythéme desquamatif en
plaques, congenital et familial (genodermatose nouvelle?). Bull
Soc Fr Dermatol Syphilol 1947; 54: 442-3.

Cram DL. Erythrokeratoderma variabilis and variable circinate
erythrokeratodermas. Arch Dermatol 1970; 101: 68-73.
Ishida-Yamamoto A, McGrath JA, Lam H et al. The molecular
pathology of autosomal dominant erythrokeratoderma: a frame-
shift mutation in the loricrin gene and perturbations in the
cornified cell envelope. Am ] Hum Genet 1997; 61: 581-9.
Richard G, Smith LE, Bailey RA et al. Mutations in the human
connexin gene GJB3 cause erythrokeratodermia variabilis. Nat
Genet 1998; 20: 366-9.

Wilgoss A, Leigh IM, Barnes MR et al. Identification of a novel
mutation R42P in the gap junction protein -3 associated with
autosomal dominant erythrokeratoderma variabilis. ] Invest
Dermatol 1999; 113: 1119-22.

Ishida-Yamamoto A, Takahashi H, Presland RB et al. Transloca-
tion of profilaggrin N-terminal domain into keratinocyte nuclei
with fragmented DNA in normal human skin and loricrin
keratoderma. Lab Invest 1998; 78: 1245-53.

Senshu T, Akiyama K, Ishigami A, Nomura K. Studies on
specificity of peptidylarginine deiminase reactions using an
immunochemical probe that recognizes an enzymatically deimi-
nated partial sequence of mouse keratin K1. J Dermatol Sci 1999;
21: 113-26.

Ishida-Yamamoto A, Senshu T, Takahashi H et al. Decreased
deiminated keratin K1 in psoriatic hyperproliferative epidermis.
] Invest Dermatol 2000; 114: 701-5.

Ishida-Yamamoto A, Kato H, Kiyama H et al. Mutant loricrin is
not crosslinked into the cornified cell envelopes but is translocated
into the nuclei in loricrin keratoderma. | Invest Dermatol 2000; in
press.

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Kelsell DP, Dunlop J, Stevens HP et al. Connexin 26 mutations in
hereditary non-syndromic sensorineural deafness. Nature 1997;
387: 80-3.

Takayasu S, Fujiwara S, Waki T. Hereditary lactate dehydrogenase
M-subunit deficiency: lactate dehydrogenase activity in skin lesions
and in hair follicles. ] Am Acad Dermatol 1991; 24: 339—-42.
Joh G-Y, Traupe H, Metze D et al. A novel dinucleotide mutation
in keratin 10 in the annular epidermolytic ichthyosis variant of
bullous congenital ichthyosiform erythroderma. J Invest Dermatol
1997; 108: 357-61.

Findley GH, Morrison JGL. Erythrokeratolysis hiemalis—kerato-
Iytic winter erythema or ‘Oudtshoorn skin’. A new epidermal
genodermatosis with its histological features. Br | Dermatol 1978;
98: 491-5.

Traupe H. The Ichthyoses: a Guide to Clinical Diagnosis, Genetic
Counseling and Therapy. New York: Springer-Verlag, 1989:
207-10.

Schellander FG, Fritsch PO. Variable erythrokeratoderma. An
unusual case. Arch Dermatol 1969; 100: 744-9.

Bond M]J, Donelan P, Fenske N. Erythrokeratodermia variabilis in
a patient followed through the first year of life. Cutis 1982; 30:
633-7.

Brown J, Kierland RR. Erythrokeratodermia variabilis. Report of
three cases and review of the literature. Arch Dermatol 1966; 93:
194-201.

van der Schroeff JG, Nijenhuis LE, Khan PM et al. Genetic linkage
between erythrokeratodermia variabilis and Rh locus. Hum Genet
1984; 68: 165-8.

MacFarlane AW, Chapman SJ, Verbov JL. Is erythrokeratoderma
one disorder? A clinical and ultrastructural study of two siblings.
Br ] Dermatol 1991; 124: 487-91.

Sommacal-Schopf D, Schnyder UW. Uber eine Familie mit 14
Fillen von Erythrokeratodermia figurata variabilis. Hautarzt
1957; 8: 174-6.

Kanitakis J, Zambruno G, Viac ], Thivolet J. Involucrin expression
in keratinization disorders of the skin—a preliminary study. Br |
Dermatol 1987; 117: 479-80.

McFadden N, Oppedal BR, Ree K, Brandtzaeg P. Erythrokerato-
dermia variabilis: immunohistochemical and ultrastructural studies
of the epidermis. Acta Derm Venereol (Stockh) 1987; 67: 284-8.
Rappaport IP, Goldes JA, Golz RW. Erythrokeratodermia variabilis
treated with isotretinoin. A clinical, histologic, and ultrastruc-
tural study. Arch Dermatol 1986; 122: 441-5.

Vandersteen PR, Muller SA. Erythrokeratodermia variabilis. An
enzyme histochemical and ultrastructural study. Arch Dermatol
1971; 103: 362-70.

Sethi NC, Moynahan EJ. Erythrokeratodermia variabilis: an ultra-
structural study. Indian ] Dermatol Venereol Lepr 1982; 48: 67-77.
Richard G, White TW, Smith LE et al. Functional defects of Cx26
resulting from a heterozygous missense mutation in a family with
dominant deaf-mutism and palmoplantar keratoderma. Hum
Genet 1998; 103: 393-9.

Maestrini E, Korge BP, Ocana-Sierra J et al. A missense mutation
in connexin 26, D66H, causes mutilating keratoderma with
sensorineural deafness (Vohwinkel's syndrome) in three unrelated
families. Hum Mol Genet 1999; 8: 1237-43.

Ishida-Yamamoto A, Takahashi H, lizuka H. Loricrin and human
skin disease: molecular basis of loricrin keratodermas. Histol
Histopathol 1998; 13: 819-26.

Ishida-Yamamoto A, Tanaka H, Nakane H et al. Programmed cell
death in normal epidermis and loricrin keratoderma. Multiple
functions of profilaggrin in keratinization. | Invest Dermatol Symp
Proc 1999; 4: 145-9.

© 2000 British Association of Dermatologists, British Journal of Dermatology, 143, 1283-1287



