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S100, oc-smooth muscle actin and cytokeratin
19 immunohistochemistry in odontogenic and
soft tissue myxomas

T Lombardi, C Lock, J Samson, E W Odell

Abstract
Aims-To compare the expression of S100
protein, a-smooth muscle actin (a-SMA)
and keratin 19 in odontogenic myxomas
and non-odontogenic myxoid lesions.
Methods-Formalin fixed, paraffin wax
embedded tissue from seven odontogenic
myxomas, three soft tissue myxomas, six
hyperplastic myxoid dental follicles, two
intramuscular myxomas, 12 cardiac myx-
omas, and seven normal dental follicles
were examined immunocytochemically
for S100 protein, a-SMA and cytokeratin
19 using the Streptavidin-biotin method.
Results-A minority of odontogenic myx-
omas (three of seven) were positive for
S100 and the staining was of moderate
intensity and in all myxofibroblasts. Soft
tissue myxomas, normal dental follicles,
intramuscular myxomas, and most en-
larged myxoid follicles were negative. In
the cardiac myxomas the cells forming
cords and islands were positive in ap-
proximately half (seven of 12), but the
dispersed steilate myxoblasts were positive
in only two cases. A population of cells in
all the odontogenic myxomas and hyper-
plastic dental follicles contained a-SMA,
but such cells were sparse in cardiac myx-
omas and present in only four cases. Cyto-
keratin 19 was present in odontogenic
epithelium of odontogenic myxoma and
follicles.
Conclusions-A minority of odontogenic
myxomas, but not other oral myxoid le-
sions, may express S100 protein and this
could cause difficulty distinguishing myx-
oma from myxoid nerve sheath tumours.
Sparse myofibroblastic cells occurred in
all types ofmyxoma tested. The epithelium
sometimes found within jaw myxomas ex-
presses cytokeratin 19 and this is con-
sistent with an odontogenic origin.
(J7 Clin Pathol 1995;48:759-762)
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Odontogenic myxoma is a characteristic gel-
atinous, slow-growing, expansile benign jaw
tumour. It presents most commonly during
the second or third decade, may be slightly
commoner in women and is considered to affect
only the jaws, particularly the mandible."A
The histogenesis and differentiation of myx-

omas are a subject ofdebate. The World Health
Organisation and many authorities consider the

jaw myxoma to be an odontogenic tumour on
the basis of its site, which is exclusive to the
jaws,5 occasional association with missing teeth
and the inclusion of islands ofpresumed odon-
togenic epithelium. It also has a close histo-
logical similarity to dental tissues such as follicle
and papilla and other odontogenic tumours
such as ameloblastic fibroma. However, this
evidence is circumstantial and has been chal-
lenged4 because the appearances, whilst con-
sistent with odontogenic ectomesenchyme,
could also represent a more primitive fibro-
blastic or undifferentiated tissue.

Odontogenic myxomas are considered quite
distinct from myxomas and fibromyxomas else-
where in the body, many of which are thought
to represent myxoid degeneration-for ex-
ample, in nerve sheath tumours. A neural origin
for cardiac myxoma is supported by immuno-
histochemistry demonstrating neural markers67
and pericellular basal lamina.6 Histologically,
however, all myxomas are very similar
and have no characteristic features to dis-
tinguish them. Differentiation of neural and
odontogenic myxomas is problematic and there
have been occasional reports of S 100 positivity
in odontogenic myxoma.8 10 We have therefore
performed an immunocytochemical invest-
igation of odontogenic myxomas, intra-
muscular and cardiac myxomas, and a variety
of normal myxoid tissues with which myxoma
is frequently confused by those unfamiliar with
odontogenic lesions."-"' The aims were to as-
certain the diagnostic value of routine S100
and a-smooth muscle actin (o-SMA) immuno-
staining in these tissues and by cytokeratin
19 staining to obtain further circumstantial
evidence that the epithelium in jaw myxomas
is odontogenic.

Methods
Archival formalin fixed, paraffin wax embedded
tissue was retrieved and consisted of two
normal tooth germs (gestational age 12 and
14 weeks), seven normal dental follicles, six
myxoid enlarged follicles, two benign in-
tramuscular myxomas, 12 cardiac myxomas,
three soft tissue myxomas from the head and
neck, one lesion from a case of oral focal mu-
cinosis (oral equivalent to cutaneous focal mu-
cinosis), and seven odontogenic myxomas.
None of the cardiac myxomas was known to
have been from a patient with familial myxoma
syndrome (Carney complex). One of the cases
of odontogenic myxoma has been described
previously.8
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Summary of the immunohistochemical results

Antibody

Lesion S1oo a-SMA Cytokeratin 19

Odontogenic myxoma 3/7 7/7 1/7a
Soft tissue myxoma 0/3 1/3 1/3a
Focal oral mucinosis 0/1 0/1 NEP
Enlarged myxoid follicle 1/6 5/6 5/6b
Normal dental follicle 0/7 3/7 6/7c
Intramuscular myxoma 0/2 0/2 NEP
Cardiac myxoma 7/12 4/12 NEP

aEpithelium was present in only this one case.
bEpithelium completely calcified in one case precluding assessment, scored negative.
cNo epithelium present (NEP) in the lesion, scored negative.

Sections were stained with haematoxylin
and eosin and immunohistochemically using
the Streptavidin-biotin peroxidase complex
method (Dako, High Wycombe, UK). Rep-
resentative, 4gjm thick sections were de-
waxed, rehydrated and endogenous peroxidases
quenched in methanolic hydrogen peroxide be-
fore blocking non-specific binding in the cor-
responding non-immune serum. Antibodies
(Dako) directed against S100 (polyclonal, di-
luted 1 in 300, 0-1 % trypsin 10 minutes), a-
SMA (monoclonal clone 1A4, diluted 1 in 100)
and cytokeratin 19 (monoclonal clone RCK
108, diluted 1 in 50, 0-1 % trypsin 10 minutes)
were applied to each section for one hour at
room temperature. Binding was visualised
using biotinylated secondary antibody and the
Streptavidin-biotin peroxidase complex de-
veloped with diaminobenzidine. Negative con-
trols were performed by substituting primary
antibody with non-immune serum of another
species or phosphate buffered saline. Ap-
propriate tissues were used as positive controls
when no intrasectional control tissue was pres-
ent.

Results
All myxomas were considered histologically
typical. Odontogenic myxomas comprised stel-
late and spindle cells lying in copious myxoid
matrix. Five of the seven lesions were fibro-
myxoid and also contained a small amount
of finely fibrillar collagen. Rests or islands of
odontogenic epithelium were present in only
one case. Lesional tissue from the cardiac myx-
omas was closely similar or identical and no
cases showed glandular differentiation.
Immunohistochemical results are sum-

marised in the table. The myxoid tissues of the
dental papilla and dental follicle in embryonic
tooth germs, adult dental follicles and follicles
showing myxoid enlargement were negative for
S100, except for one myxoid follicle which
showed a weak but generalised positivity. A
variable number of ot-SMA labelled cells were
present in all but one of the enlarged myxoid
follicles and in three of seven of the normal
follicles. Cytokeratin 19 was found in the odon-
togenic epithelium oftooth germs, in the odon-
togenic epithelial rests of all normal dental
follicles (fig 1) and in all the myxoid follicles
which contained epithelium. In the negative
case the odontogenic epithelium was com-
pletely mineralised.

In the odontogenic myxomas positive stain-
ing for S100 was found in three cases (fig 2).
The staining intensity varied from weak to
moderate and was present in all cells in two
cases and had a patchy distribution in one case.
Odontogenic myxomas, myxoid follicles and
cardiac myxomas showed frequent ot-SMA
positive cells. In the odontogenic myxomas
staining was of moderate intensity, but was
generalised. In the enlarged follicular tissues
there was more likely to be patchy staining or
a more strongly stained outer layer and in
the positively stained minority of the normal
follicles the staining was also patchy. Cyto-
keratin 19 was consistently expressed by all
the epithelium in the single case of odontogenic
myxoma in which epithelium was present. All
of the enlarged myxoid follicles and one normal
dental follicle contained S100 positive nerve
fibres. No nerve fibres were detected in any
odontogenic myxomas by S100 staining.

Stellate or spindle cells in cardiac myxomas
were positively stained for 8100 protein in only
two of the 12 specimens (fig 3) but a much
higher proportion ofpositive staining was noted
in the cords and islands of more condensed
cells, which were immunolabelled in seven of

S

Figure 1 Dental follicle containing an island of
odontogenic epithelium which shows strong
immunopositivity for cytokeratin 19 in the sparse
cytoplasm of the cells. Magnification x 312.
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Figure 2 Odontogenic myxoma showing
immunopositivity for SO00. Magnificatioi

12 specimens. S100 preferentialls
of the outer layers of the cords
cells of small tumour islands. IU
the cells were positive and the stai
varied from weak to strong. Fo
cardiac myxomas contained sp
positive cells but no glandular c
was present and all cases were c

negative.

Discussion
Odontogenic myxomas are uncoi

which lack distinctive features a

confused histologically with othei
tissues.' 1-3 Their histogenesis is
they are generally accepted to be
other types of myxoma,'4 some

thought to be variants of oth
neural, lesions.6 This histogene
is not reflected in their histolo
myxomas appear very similar, if

.

...........
*.4...
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Figure 3 The larger cells of cardiac myxoma showing strong immunopos
Magnification x 202.

Differential diagnosis from neural myxoma de-
pends on a diffuse rather than a lobular pattern,
association with missing or unerupted teeth,
absence of adjacent nerve, typical clinical and
radiological features, and exclusion of other
myxoid lesions.
There have been a small number of reports

which have claimed S100 positivity in odon-
togenic myxoma,8-10 a finding which is disputed
by others,5 16 but which could confuse the dis-
tinction between nerve sheath and odontogenic

i myxomas. Studies of the matrix glycos-
'> > aminoglycans of odontogenic myxoma have

I shown little similarity to other odontogenic
/ tissues.

The results of this study show that S100
protein is not expressed in dental papilla and
dental follicles, and are in agreement with
previous reports on mouse'8 and human
myxomas.'619 No S 100 staining was found in

moderate enlarged myxoid follicles, with which odon-
x488. togenic myxoma may be easily confused," or

in soft tissue myxomas. S100 positivity was
seen only in a small minority of odontogenic

y stained cells myxomas but may be moderately strong and
and basaloid generalised. Unfortunately, even if positive,
Jp to 50% of S100 staining cannot reliably differentiate myx-
ining intensity oma from enlarged follicles because we found
ur of the 12 one follicle in which there was weak but gen-
,arse oa-SMA eralised staining.
lifferentiation It was noticeable that S100 detected small
-ytokeratin 19 nerve bundles in normal and enlarged myxoid

dental follicles, as would be expected. However,
no nerves were seen in the sections of odon-
togenic myxomas stained with S100. This is
unexpected given the expansile gelatinous

mmon lesions nature of the myxoma which envelopes
Lnd are easily surrounding tissues and while no definite
rodontogenic conclusions can be drawn from this, albeit
s unclear but relatively large series, it appears that this feature
distinct from might help distinguish myxomas from enlarged
of which are follicles. Nerve fibrils have not been reported
ier, primarily in ultrastructural studies either. 220
tic difference The S 100 positivity of odontogenic myxoma
ogy and most is not reproducible enough to be of value in
not identical. differential diagnosis, but as an incidental find-

ing it could cause confusion, favouring a diag-
nosis of myxoid nerve sheath tumour rather
than myxoma. Luckily, although intraosseous

P neural tumours seem to have a predilection for
the mandible,2' few are predominantly myxoid.
The finding of S100 positive odontogenic myx-
omas raises the possibility that, like soft tissue
myxomas, jaw myxomas are a heterogeneous

. group of lesions which cannot be distinguished
histologically because of their relatively un-
differentiated cellular phenotype.4 Dis-.s tinguishing myxoid nerve sheath tumours from
myxoma by electron microscopy is difficult

* because, although there is no basal lamina in
* ~o myxoma, this structure is also sparse in nerve

*̂ ^ sheath myxoma and the appearances are es-
sentially the same.22 We have attempted to
detect basal lamina immunocytochemically

* using antibody to type IV collagen in myxoma
but staining is uniformly negative irrespective
of S 100 positivity (data not shown). S 100 pos-
itivity would appear to be incompatible with

itivity for soo. the suggestion that some jaw myxomas arise as
variants of fibro-osseous lesions.4
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The majority of cardiac myxomas stained
positively for S 100 and this is in agreement with
previously published work.67 Positive staining
was most frequently limited to the outer layers
of cords and to islands of cuboidal cells, and
was rare in the dispersed stellate and spindle
cells.
Smooth muscle actin, a marker of myo-

fibroblastic differentiation, was detected in a

minority population of stellate and spindle cells
all within the hyperplastic dental follicles and
the odontogenic myxomas, consistent with
a previous immunocytochemical'6 and ultra-
structural1623 studies. One third of the car-

diac myxomas examined contained similarly
sparse oc-SMA positive cells, as has also been
reported previously,7 and this low proportion
ofcells is a common finding in many fibroblastic
lesions.

Cytokeratin 19 was detected in the epithelial
islands and rests within a single jaw myxoma

and dental follicles. No glandular differ-
entiation or epithelium was present in the car-

diac myxomas. Cytokeratin 19 is expressed
basally in non-cornified, stratified and many

simple epithelia, and is not specific to odon-
togenic epithelium. However, all odontogenic
epithelium and tumours derived from it are

thought to express this cytokeratin24 and this
finding adds to the circumstantial evidence
which suggests that the epithelium is odon-
togenic. It does not directly reflect the his-
togenesis of the myxoma because many

myxomas contain no epithelium.25
In conclusion, a minority of odontogenic

myxomas and occasional enlarged myxoid
follicles, but not normal odontogenic me-

senchyme, may stain positively for S100 pro-

tein. This is important in differential diagnosis
as S100 cannot be used to differentiate odon-
togenic myxoma from myxoid nerve sheath
tumours. The finding that myxomas did not
contain S100 positive nerve bundles bears fur-
ther investigation as it may differentiate myx-

oma from enlarged myxoid follicle, a common

diagnostic problem.
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