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A female presenting multiple osteoma cutis lesions without
underlying endocrinological disturbance was studied. Histolog-
ically, lesions revealed true bone formation with multiple oste-
oblastic cells. This was confirmed by demonstrating high alka-
line phosphatase activity and osteonectin expression in osteoma
cutis lesions. Interestingly, tenascin and type III procollagen
were in close association to bony lesions, indicating that these
matrix proteins may be somehow involved in bone formation.
In situ hybridization revealed fibroblastic cells around bony
lesions, which actively deposited type I collagen and osteonec-
tin. One of the activators of bone formation, TGF beta, was
also present in some osteoblastic cells.

The results thus indicate that in osteoma cutis, fibroblasts have
the ability to differentiate into osteoblastic cells, which have
some properties of osteoblasts, such as high alkaline phospha-
tase activity and a high expression of osteonectin. Key words:
Osteoma cutis; Collagen; Tenascin, Osteonectin.
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Ossification of the skin, or subcutaneous tissues, leading to the
formation of osteoma cutis tumours occurs in a variety of
unrelated disorders (1-3). It may occur in various skin tu-
mours, scars, or inflammatory process, in certain endocrin-
ological disorders, such as hypoparathyroidism and pseudohy-
poparathyroidism. myositis ossificans and neurologic disor-
ders. Congenital osteomas occur in Gardner’s syndrome and
Albright’s hereditary osteodystrophia. Bone formation can
also be induced by subcutaneous implantation of demineral-
ized bone particles, or by different bone matrix-derived pro-
teins, such as BMPs and TGFB (4). The events leading to true
bone formation in the skin are poorly known. Here, we have
studied a patient who presented multiple osteoma cutis le-
sions. We have utilized biochemical, immunohistochemical
and in situ hybridization techniques to elucidate bone forma-
tion.

PATIENT AND METHODS

The patient was a 32-year-old healthy female presenting numerous
osteoma cutistype lesions in the breast. the anterior surface of the
right thigh. the left arm and the scalp and an incipient lesion on the left
cheek. Furthermore. she had small nodules on the ankles, in which she
felt occasionally stiffness. She noticed the first lesions at the age of 17
years. Her two children, mother, father and sister were all asympto-
matic.

Laboratory investigations revealed the following values: serum cal-
cium 2.08 mmol/l, ionized calcium 1.20 mmol/l, serum alkaline phos-
phatase 103 U/l. serum phosphate 1.02 mmol/l, urine phosphate 20.4
mmol/l, intact parathormone 5.0 pmol/l, metabolites of D-vitamin:
25(0OH)D 29.8 nmol/l, 24, 25(OH),D 3.6 nmol/l, 1.25(OH),D 29
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pmol/l, alanine aminotransferase 9 U/l, aspartate aminotransferase 16
U/L. The results of the same investigations performed on her sister and
mother were normal.

X-ray examination revealed small soft tissue calcifications in the
shoulders, elbows, knees, ankles and soles. In addition, there was a
small exostose on the lateral epicondyle of the right humerus and
bigger one on the proximal diaphyse of the right radius.

No abnormality in the calcium metabolism was noted. The de-
creased concentration of vitamin D 1.25(OH), may reflect a low daily
intake. No symptoms of connective tissue, or neurological disease
were evident.

Histology and immunohistology

Skin samples were obtained under local anaesthesia from the lesions
of the breast and the left arm. A biopsy sample was also obtained from
healthy skin of the left arm. Paraffin-embedded sections were stained
with HE. Frozen samples were stored at —70° for a few days before
being cut into 5 um frozen sections. Immunohistochemical staining by
the avidin-biotin technique was performed using the Vectastain ABC
kit (Vector Laboratories) according to the manufacturer’s instruc-
tions. After hydrogen peroxide-methanol incubation, antibodies to
pro-I11 collagen (donated by Drs. L. and J. Risteli, Oulu) and tenascin
(Locus, Helsinki, Finland) were used.

In situ hybridization. Details of the technique have been published
earlier (5). Paraffin sections were deparaffinized and pre-treated with
proteinase K and HCl and were then acetylated. The hybridizations
were performed at 42°, for 24 h using S-deoxy(thio) ATP-labelled
probes, followed by washing, autoradiography for 5-46 days, and
staining of the sections with hematoxylin.

Hybridization probes. The following ¢cDNA probes were used:
pHCALI for human pro-al(I) collagen mRNA (6, 7). pHFS3 for
human pro-al(I1I) collagen mRNA (8), ppCl for human TGF-p1
mRNA (9) and pHon for human ostenectin mRNA (10). For in situ
hybridization. specific restriction fragments of clones pHCALIL,
pHFS3 and ppC1 and pHon were isolated as described previously and
labelled by the randompriming method using (**S)deoxy(thio)ATP (8.
11). As a negative control, Bgll-derived fragments (sizes 100-790 bp)
of bacteriophage DNA were labelled in a similar manner.

Biochemical assay. For measurement of alkaline phosphatase, fro-
zen tissues were homogenized in physiological saline with an Ultra-
Turrax. Alkaline phosphatase was then assayed using p-nitrophenyl
phosphate as a substrate in 50 mM glycine-NaOH buffer (pH 10.5)
containing 5 mg MgCl, (12). Protein was measured by the method of
Lowry et al. (13). The activity was then expressed as EU/mg protein.

The concentration of osteocalcin in the serum (bone gamma-carbox-
yglutamic acid-containing protein, BGP) was measured by radioim-
munoassay (OSTK-PR radioimmunoassay kit, CIS Bio/International,
GIF-CUR-Yvette, Cedex, France). The activity of tartrate-resistant
acid phosphatase (TRAP) in the serum was assessed by the method of
Lau et al. (14). Collagen pro-peptides, carboxy-terminal propeptide of
type 1 collagen (PICP) and amino-terminal pro-peptide of type 111
collagen (PIINP) were assayed in the serum as described (15, 16).

RESULTS

In skin lesions, histology revealed a typical lamellar bone
architecture, with osteoblasts and osteocytes within the le-
sions, but no osteoclasts. Around the bony lesion, cells had a
more fibroblastic appearance with spindle-shaped nuclei
(Fig. 1).



Fig. 1. Histological demonstration of true bone formation with lamel-
lar bony architecture and osteoblastic and osteocytic cells within the
osteoma lesion (HE x160).

Fig. 2. A positive staining reaction with anti-type 111 procollagen (A)
and anti-tenascin (B) antibodies appears as a dark, narrow zone
around the bone trabeculae. (% 100).

Using antibodies to procollagen type III collagen and te-
nascin, strong reactions were noted around the bony lesions
(Fig. 2 A and 2B). However, neither procollagen type III, or
tenascin accumulated in the osteoma lesions themselves.

Biochemical analysis

A high activity of alkaline phosphatase was observed in two
skin lesions (Table I). In contrast, no significant alkaline phos-
phatase activity was detected in healthy skin.

Serum osteocalcin and TRAP were also assayed. Both
seemed to be within the normal range. Osteocalcin, which is
synthesized by osteoblasts, was 7.7 ug/L (normal range: 4.0-
11.0) and TRAP, which reflects osteoclastic activity, was 3.0
U/L (normal range: 1.6-8.8). Serum levels of carboxyterminal
propeptide of type I collagen was 74 ug/L (range 50-200) and
aminoterminal propeptide of type I1I collagen 2.7 pg/L (range
1.5-4.2).

In situ hybridization

In order to obtain detailed information concerning bone for-
mation in osteoma cutis lesions, in situ hybridization, using
probes for type I and I1I collagen mRNAs, osteonectin mRNA
and transforming growth factor-beta 1 mRNA, was per-
formed.

Fibroblasts expressing high levels of type I collagen mRNA
were observed as a narrow band only in close association with
bony trabeculae. The cells within the trabeculae were rela-
tively inactive. In contrast, no marked expression of type III
collagen mRNA was observed. Osteonectin mRNA was ob-
served in close association with osteoma lesions, especially in
the zone between the osteoma and normal-looking dermis
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Table 1. The activity of alkaline phosphatase in healthy skin and
in osteoma cultis lesions.

Sample Alkaline phosphatase activity®
EU/mg protein

Left upper arm, lesion 1.54

Left upper arm, healthy skin 0.03

Breast, lesion 0.60

“Frozen tissues were homogenized and alkaline phosphatase was as-
sayed as described and expressed per mg soluble protein

(Fig. 3). TGF-beta mRNA was observed in some osteoblastic
cells.

DISCUSSION

In the present study, we have examined the mechanistic details
of bone formation in a patient presenting numerous, spontane-
ous osteoma cutis lesions without systemic manifestations, or
disease. The level of various bone markers such as PICP,
TRAP and osteocalcin in the serum, were within the normal
range, indicating that even numerous osteoma cutis lesions do
not markedly contribute to serum levels of these parameters
and cannot be used to follow the progress of the disease. The
histological and biochemical properties revealed that the le-
sions were composed of true bone, exhibiting a typical bony
architecture and a activity of high alkaline phosphatase. an
enzyme which is produced by osteoblasts. Immunohistoche-
mistry revealed a marked accumulation of two extracellular
matrix proteins, type III procollagen and tenascin, in close
association with osteoma lesions. Type III collagen is a minor
component of dermal connective tissue, but is absent from
mature bone, which contains mostly type I collagen (17). The
relative proportion of type III collagen is increased during
fetal development and in certain pathological conditions, such
as wound healing, during the early stages of active collagen
deposition. It is possible that osteoma lesions somehow trigger
the active deposition of type III collagen. One explanation

Fig. 3. In situ hybridization of an osteoma cutis sample with osteonec-
tin cDNA. High grain densities are visible in cells (arrows) in close
association with the osteoma cutis lesion which is located in the lower

part of the figure (x250).
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could be that primitive fibroblasts. which are later able to
differentiate into osteoblasts, actively synthesize type 111 colla-
gen. Previously, type III collagen mRNA was found in artic-
ular surfaces of fetal tissues (8). In addition, immunohisto-
chemical studies have revealed type III collagen in lacunae left
behind by degenerated chondrocytes (18). It is also possible
that the formation of osteoma cutis lesions parallels wound
healing during which active connective tissue formation oc-
curs. This is supported by a marked accumulation of tenascin,
which preceeds the regeneration of the epidermis and connec-
tive tissue during wound healing (19-21). Tenascin has also
been observed at certain stages of embryonal development
and in malignant tumours.

Furthermore the in situ hybridization was employed to di-
rectly visualize cells expressing specific mRNAs encoding
bone matrix proteins. Interestingly. mRNA for type I collagen
was present in a zone around osteoma lesions. suggesting
active deposition of type I collagen. Type I collagen is the
major collagen type present in the bone. However, it also
constitutes about 80-85 percent of collagen in the skin. The
fibroblasts in healthy skin are not generally active and do not
contain high amounts of type I collagen mRNA. Thus, the
presence of abundant amounts of type I collagen mRNA in
close association to osteoma lesions indicates active collagen
deposition. perhaps as a sign of enlarging osteoma lesions. The
activation of bone formation was also studied by the detection
of osteonectin mRNA. Osteonectin is a calcium-binding gly-
coprotein expressed at a high level in bone and parietal endod-
erm (22, 23). However, it appears that osteonectin gene is
expressed not only in mineralizing connective tissues, but also
in those undergoing remodeling and rapid proliferation (22).
In the present study we observed osteonectin mRNA in those
cells which also contained high levels of type I collagen
mRNA, suggesting a coordinated regulation of collagen and
osteonectin. One of the activators involved in bone formation
is TGF-beta (24.4). TGF-beta mRNA was observed in some
osteoblastic cells. However, in general. the grain density was
not as high as, for example, in the epidermal appendages of
the skin. It is still possible that TGF-beta also participates in
the deposition of bone in osteoma cutis, since it has the ability
to increase the synthesis of several connective tissue compo-
nents involved in bone formation, such as collagen and osteo-
nectin.
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