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Punctate Porokeratotic Keratoderma:
Some Pathogenetic Analyses of Hyperproliferation and Parakeratosis
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An 82-year-old Japanese woman had numerous pal-
moplantar keratotic plugs and pits, resembling ‘mu-
sic box spines’. Histological examination revealed
compact columns of parakeratosis in the horny layer.
Ultrastructually, the affected stratum corneum con-
tained numberous variable-sized pyknotic nuclei, and
cells in the stratum granulosum contained fewer ker-
atohyalin granules. Autoradiographic analysis by
[H]thymidine [*H]TdR incorporation into epidermal
cells of affected skin slices in organ culture revealed
that only basal cells below the keratotic plug were
stimulated to proliferate. Two-dimensional gel elec-
trophoresis revealed that palmar keratotic plugs con-
tained the keratin filaments that are specifically pre-
sent in the plantar viable epidermal layer, or other
hyperproliferative epithelial cells. Key words: Palmo-
plantar keratotic plug; Organ culture; Keratin pattern;
Two-dimensional gel electrohporesis.
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The clinical presentation of numerous fine, acum-
inate, firm keratotic palmoplantar papules resem-
bling the spines of an old-fashioned music box cylin-
der has been designated by numerous terms. Re-
cently, Friedman et al. (1) reported two cases of
“punctate porokeratotic keratoderma”. Lestringant
& Berge (2) reported a similar case they called “po-
rokeratosis punctata palmaris et plantaris™. Further-
more they suggested that the case was a new entity.

We report a case similar to those in the above two
papers. We examined the abnormally proliferative
part of the affected skin by autoradiography with
[‘H]thymidine [*H]TdR, as well as by analysis of the
keratin pattern by two-dimensional gel electropho-
resis.

CASE REPORT

An 82-year-old Japanese woman visited our clinic in May,
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1987, complaining of solid palmoplantar papules. Several
days before her visit, her physician treating her angina
pectoris noticed the papules and recommended her to visit
our clinic. She had first noticed them about 20 years before,
but had not paid much attention to them. Examination
revealed numerous 0.5-2 mm keratotic plugs on the volar
surface of the hands and feet (Fig. 1). There were also
many punctate Keratodermatous depressions among the
plugs.

Her father died when she was 2 years old. and her
mother when she was 4 years. She had 8 children; 6 alive, 4
males and 2 females now in the age range 40 to 61 years: 2
male children had died at 33 and 61 years. She had no
brothers or sisters. Her children had no similar palmoplan-
tar papules. She did not remember whether her parents had
had similar papules on their palms. She had no experience
of taking arsenic. She had been treated for angina pectoris
for 1 year.

Clinical findings

Findings of peripheral blood cell counts, liver function and
urine were all within the normal range. Electrocardiog-
raphy showed slight ischemic signs.

Skin biopsy

Punch biopsy specimens (2-3 mm) of palmar keratotic
plugs were obtained for both light and electron microscopic
examination, as well as for organ culture. The skin biopsy
samples were taken such that each specimen should include
both uninvolved and involved epidermis.

Organ culture (roller wbe culture)

The culture method was almost the same as that we had
reported previously (3). Punch biopsy specimens were
placed freely into 5 ml of culture medium in a sealed
culture tube, which was then rolled at 15 rpm and 36°C. To
the culture was added ["H]TdR (2 pCi/ml) on day 0 (start of
culture). and after 1, 2 and 3 days of culture respectively,
and incubated for 14 h. After labelling for 14 h (overnight),
specimens were removed from the culture tubes and fixed
in 10% formalin for autoradiography.

Two-dimensional gel electrophoresis

Keratotic plugs on the palms were excised with an eraser
and collected together. Punch biopsy specimens (2-3 mm)
of uninvolved areas of the patient’s palms were also ob-
tained. Samples of pure stratum corneum of control per-
sons were also collected. by tape-stripping with 3M-Scotch
tape. Extraction and electrophoresis of keratin were car-
ried out by the method of Achtstaetter et al. (4). The
extracted keratins were subjected to two-dimensional gel



Fig. 1. Keratotic plugs, ‘music box spines’, and pits on volar
surface of fingers (A), and on volar surface of toe (C).

electrophoresis (first: non-equilibrium pH gradient gel;
second: sodium dodecyl sulfate-polyacrylamide gel). The
spots in the gel were numbered according to the keratin
catalog described by Moll et al. (5). For control purposes,
keratins extracted from pure stratum corneum of normal
palms of 2 normal adults, from whole epidermis of palms of
4 normal adults and from whole epidermis of uninvolved
areas of the patient’s palm were analysed.

RESULTS

Clinical aspects of the patient’s palmo-plantar le-
sions are shown in Fig. 1.

Light microscopy

As shown in Fig. 2, biopsy specimens from the pa-
tient’s palms revealed keratotic plugs over a sharply
delimited area, with depression of the underlying
malpighian layer below the general level of the epi-
dermis, and that the papules consisted of a vertical
parakeratotic column arising from the malpighian
layer, with little or no intervening granular or lucid
layer. The parakeratotic shaft corresponding to a
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Fig. 2. Histological observations of the keratotic plugs. (A4)
Autoradiograph with [*H]TdR incorporation. One of the
serial sections of a cultured specimen shows two epidermal
depressions beneath a well-demarcated (left) and a dis-
appearing (righr) keratotic plug. There are ['H]|TdR-in-
corporated cells (black dots) localized along the basal lay-
ers. They are much more frequently seen under the well-
demarcated keratotic plug than the other part of the epi-
dermal layer, including the part under the disappearing
keratotic plug. x50. (B) Transitional zone of epidermis at
the border of a keratotic plug. Normal surrounding epider-
mis (left side) shows orthokeratosis with many granular
cells, meanwhile adjacent epidermis (right side) shows pa-
rakeratosis with fewer granular cells. No dyskeratotic cells
are seen in the epidermal layer. Hematoxylin-eosin, x300.

plug was very sharply demarcated from the sur-
rounding orthokeratotic corneal layer. There was no
evidence of dyskeratosis or vacuolation degenera-
tion in the epidermis below the plug. The pits were
found to be histologically identical, though the apex
of the parakeratotic plug was not raised up above the
surrounding epidermis.
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Electron microscopy

Biopsy specimens revealed that the horny layer of
the plug was markedly thickened and contained nu-
merous pyknotic nuclei, granular debris and de-
graded cytoplasmic organelles of various sizes.
Granular cells contained keratohyalin granules that
were rarely absent, even though basophilic material
was virtually absent within the granular layer as
seen, by light microscopy. Keratin filaments, desmo-
somes, and lamellar bodies were present in normal
quantities and appeared structurally unaltered.

Autoradiography

['H]TdR-incorporated cells were seen along the
basal cell layer, and some were located just above
the basal layer. The labelled cells were seen much
more frequently below the parakeratotic column
(Fig. 2A). To the specimens, ['H]TdR was added at
0. 24, 48 and 72 h of culture. All showed the same
pattern by autoradiography. though epidermal lay-
ers grew rapidly around the dermal surface of the
cultured explants and ultimately completely sur-
rounded the explant (formation of an epiboly) after
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Fig. 3. Two-dimensional gel electrophoresis: (A) Whole
epidermis of uninvolved area of the patient’s palm. The
spot (0%) appeared only in this case, indicating some de-
graded and modified cytokeratin polypeptide of unknown
origin. The spot (10/11%) comes from the normal horny
layer as shown on (B). b, p and a represent standard
proteins with M, 68,000, 43,000 and 42,000 respectively.
Whole epidermis of 4 other normal persons’ palms showed
the same pattern as this one. (B) Normal palmar horny
layer. The spots of 1%, 9* and 10/11* correspond to de-
graded products of keratins 1, 9, and 10/11 respectively.
The spot pattern may be included in that of (A), for the
horny layer is included in the whole epidermis. (C) Ker-
atotic plugs of the patient. The spot pattern resembles that
of (A). except for absence of 0* and 10/11*, and for the
characteristic presence of Nos. 6 and 16.

3 days of culture. Formation of an epiboly caused
epidermal cells to degenerate (data not shown). To
assess the autoradiography data. the labelling index
(L.1.) was examined in different parts of epidermis
in autoradiographic preparations of cultured ex-
plants. L.I. values in the middle third and in both
peripheral thirds of the whole length of the epider-
mal layer of an explant from an uninvolved area of
the patient’s palm did not differ significantly (p >
0.1,7.8 = 1.1 vs. 6.7 + 1.2); but L.I. values in both
uninvolved and involved parts of epidermis in an
explant from an involved area containing a keratotic
plug did differ significantly (p < 0.01, 5.2 + 0.8 vs.
4.6 + 2.2).

Two-dimensional gel electrophoresis

In whole epidermis of the normal palm as well as of
uninvolved areas of the patient’s palm, the following
spots were constantly observed: Nos. 1, 2, 5, 9. 10,
11 and 14 (Fig. 3A). In contrast, the horny layer of
the normal palm contained fewer spots of keratin:
17, 9% and 10/11* (Fig. 3B). Although the keratotic
plugs in this report did not contain living cells, the
spot pattern of extracted keratins (Fig. 3C) resem-



bled that from the whole layer of palmar epidermis
of normal persons as well as of the uninvolved area
of the patient’s palm, except for the prominent spots
of Nos. 6 and 16, i.e., the latter were not clearly
detected in living cell layers of normal palmar epi-
dermis of 4 control persons or of the uninvolved area
of the patient’s palm in this report. The keratin
patterns of whole palmar epidermis of normal con-
trol persons and the patient’s uninvolved skin were
identical.

DISCUSSION

Friedman et al. (1) reviewed the published reports of
what they called “music box spine” punctate ker-
atotic lesions of the palms and soles, and found 6
cases (including their own 2 cases) (6, 7. 8, 9). Les-
tringant & Berge (2) commented that the keratotic
plugs resembling “music box spines” in their case
showed no lamellae as in porokeratosis of Mibelli,
and the term columnar parakeratosis was a more
accurate histological descriptive name for them than
was cornoid lamella. In the present case, besides the
clinical features, the absence of dyskeratosis under
the ‘columnar parakeratosis’, of exaggerated clump-
ing of keratin filaments, and of the altered basement
membrane, confirmed that this case was distinct
from porokeratosis.

Etiologically, some support a theory that intra-
epidermal eccrine ducts or cells surrounding them
might be responsible for the abnormal proliferation
(10), but others refute this theory (6, 11). In the
present case, no eccrine ducts were noticed in the
keratotic plugs and epidermal layers below them.
We observed by autoradiography that epidermal
proliferation was enhanced around the basal layer
under the keratotic plugs, and there were no prolif-
erating cells in the middle and upper layers of the
involved epidermis. There were also no [*H|TdR-
incorporating cells around the intra-epidermal sweat
ducts.

For the above reasons, we speculate that sweat
ducts are not responsible for the lesion, but only
basal cells below the keratotic plugs were stimulated
to proliferate. Previously, we revealed that in a case
of ‘punctate porokeratosis” only basal cells of the
epidermal layer beneath the cornoid lamella were
stimulated to proliferate in organ culture (12), which
case, the authors now consider, resembled the pre-
sent case showing also ‘music box spines’. In the
present report, no heredity of the disease appeared
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in her pedigree. In normal human epidermis, 6 cy-
tokeratins have been identified (Nos. 1, 2, 5. 10, 11
and 14), but an additional large cytokeratin, No. 9,
has been found only in the palms and soles (13, 14),
although the biological tunction of the cytokeratin
No. 9 remains obscure. In two-dimensional gel elec-
trophoresis, we demonstrated previously by poly-
peptide mapping analysis that keratins of spots 1%,
9* and 10/11* were degraded products of keratin
Nos. 1,9 and 10/11, respectively (15). Keratins 6 and
16 are regarded as marker polypeptides of proliferat-
ing cells, and are detected also in normal foot sole
epidermis (5), but in previous (15) and present re-
ports they were not detected in normal palmar epi-
dermis of 4 control persons or in the uninvolved
palmar epidermis of our patient. This suggests that
there may be some difference in the polypeptide
composition between keratins from palmar epider-
mis and sole epidermis. Keratotic plugs in our case
contained keratins 6 and 16 and quantities of keratin
polypeptides usually observed in living cells, indicat-
ing the hyperproliferation and incomplete keratini-
zation (parakeratosis).
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