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Antibody to S100a6 protein is a sensitive
Immunohistochemical marker for

neurothekeoma

Background: Neurothekeoma is a benign tumor of putative peripheral
nerve sheath origin. It occurs in a myxoid (classic) variant, cellular
variant, and intermediate (mixed) variant. Cellular neurothekeoma
(CGNT) usually involves the head and neck or extremities of young
patients. Histologically, CN'Tcan be confused with melanocytic and
fibrohistiocytic lesions. An immunohistochemical antibody panel is often
necessary to confirm the histological impression and exclude melanocytic
and/or fibrohistiocytic lesions.

Methods: Formalin-fixed, paraffin-embedded archival tissues were
evaluated by immunohistochemistry using antibodies specific for SI00A6
and PGP9.5 in 11 cases of neurothekeoma (seven cellular, four myxoid).
Avariety of other antibodies were evaluated by immunohistochemistry at
the time of initial diagnosis.

Results: All 11 neurothekeoma cases were positive for SIO0A6 protein
(four cases, weak/14; seven cases, strong/2+), corresponding to 100%
sensitivity. In contrast, eight of 11 neurothekeoma cases (73% sensitivity)
were positive for PGP9.5. All seven CNTcases were negative for S1I00B, as
expected.

Conclusions: Anti-SI00AG6 1s a highly sensitive antibody for
neurothekeomas, including CNT, and, in our experience, is superior in
sensitivity to PGP9.5. However, like other antibodies used in evaluating
neurothekeomas, SI00A6 lacks specificity, as has been demonstrated in
previous studies. Nevertheless, SIO0A6 can be useful in an
immunohistochemical antibody panel to evaluate lesions where the
differential diagnosis includes CN'T.
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Neurothekeoma was originally described in 1969 by
Harkin and Reed under the appellation of nerve
sheath myxoma.' This benign, dermal-based tumor of
putative peripheral nerve sheath origin was subse-
quently coined neurothekeoma in 1980 by Gallager
and Helwig, based on their observations in a series of
53 cases.” Their tumors had a predilection for the cen-
tral region of the face, shoulders and arms of predom-
inantly young females. Histologically, their lesions
were composed of variable proportions of epithelioid
and spindle cells in a variably mucinous stroma.
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In 1986, Rosati et al. proffered the term cellular
neurothekeoma for the more cellular variant of neuro-
thekeoma.” There are currently three subtypes of
neurothekeoma recognized, based on cellularity of
the tumor, growth pattern, and amount of stromal
mucin.* The hypocellular or classic (myxoid) type
has a circumscribed, distinctly lobulated growth pattern,
with low cellularity and abundant myxoid stroma.
The cellular type is more ill defined, fascicular in its
growth pattern, hypercellular, and possesses little to
scant stromal mucin. The mixed type demonstrates



intermediate features between the classic (myxoid)
and cellular types.

While the diagnosis of myxoid neurothekeoma
(MNT) is usually not problematic, the same can not
be said for cellular neurothekeoma (CNT). Cases of
CNToften histologically resemble melanocytic lesions,
such as Spitz nevus or melanoma smooth muscle
tumor, or fibrohistiocytic lesions.” ® In addition, it is
quite common for CN'T to demonstrate atypical fea-
tures, including low-grade cytologic atypia and mitotic
figures, further contributing to its Confus1on with mela-
noma or an atypical Spitz lesion.” Therefore, these
lesions are often submitted for dermatopathology
consultation for definitive diagnosis. 16 this end, a panel
of immunohistochemic markers is often necessary to
rule out a melanocytic or occasionally fibrohistiocytic
lesion. By immunohistochemistry, CN'T typically lacks
expression of SI00 protein, as well as other markers of
nerve sheath differentiation (NGIFR, GIAP and
CD57); moreover, CNT lacks expression of more
specific melanocytic markers, such as HMB-45.%""
Recently, protein gene product (PGP)9.5, a protein
with broad expression in neural tissues, has been
reported as a useful marker for cellular neurothekeoma
in an immunohistochemical panel."”

Additional immunohistochemical markers may be
helpful in an antibody panel for evaluation of CN'I3.
SI00A6 protein or calcyclin, a member of the S100
protein superfamily, has been isolated from a variety of
normal cell types, including: melanocytes, Schwann
and Schwann-like cells, Langerhans’cells, dermal den-
drocytes, some glandular epithelium, and keratinocytes
(weak)."" '® Antibody to this protein has been shown to
label several tumors characterized by the presence of
many Schwann cells, such as Schwannomas, neuro-
fibromas, and solitary circumscribed (palisaded encap-
sulated) neuromas.

We studied SI00A6 protein expression in a series of
11 neurothekeomas (both CNT and MN'T) to deter-
mine if this antibody was a useful marker for this
tumor and compared it with our results for PGP9.5.

Materials and methods

After obtaining approval from the University of
Michigan Medical Institutional Review Board, 11
cases of neurothekeoma, seven CNT and four MNT
were retrieved from the Dermatopathology Consult
Service and Archives of Surgical Pathology in the
Pathology Department at the University of Michigan.
The diagnoses were based on standard published
histopathologic criteria," and results of immunohisto-
chemical stains at the time of diagnosis.
Formalin-fixed, paraffin-embedded tissue sections,
approximately 5-p thick, were placed on charged
(plus) slides. The sections were deparaffinized and
rehydrated. Endogenous peroxidase activity was
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quenched with 3% HyOs in distilled water for 10 min.
Antigen retrieval was accomplished by pretreatment
in proteinase K for 20 min for anti-SIO0A6 and pre-
treatment in 10mM of citrate buffer (pH 6.0) in
a microwave pressure cooker for 10 min for anti-
PGP9.5. Primary antibodies to SIO0A6 protein/clone
CACY-100 (1: 500 dilution, mouse monoclonal, Sigma,
St. Louis, MO, USA) and PGP9.5 (1:200 dilution,
rabbit polyclonal, Dako, Carpinteria, CA, USA) were
applied to all cases. Bound primary antibodies were
detected using an avidin-biotin peroxidase system.
The antigen-antibody complexes were localized with
3,3" diaminobenzidine (DAB). The slides were counter-
stained with weak Harris’ hematoxylin.

Antibody to SI00B was performed at the time of
diagnosis in all cases and was available for review. In
addition, antibodies to HMB-45, Melan-A (MART-1),
NKI-C3, cytokeratins (AEI/JAE3 and CAMS5.2
mixture),epithelialmembraneantigen (EMA), carcin-
oembryonic antigen (CEA), chromogranin A, neuron
specific enolase (NSE), vimentin, CD68, smooth
muscle actin (SMA), CD34, factor XIIIa, and CD31
were performed at the time of diagnosis in select cases
and were also available for review. Antibodies to
SI00A6 protein and PGP9.5 were not performed on
any cases at the time of initial diagnosis.

Immunoperoxidase stains were evaluated by two of
the authors (LDS and DRT'). Immunolabeling was
judged to be positive [weak/focal (1+) or strong (2+4)]
or negative for SI00A6 and PGP9.5. Additional anti-
bodies performed at the time of the initial diagnosis
were simply reported as positive or negative and not
semiquantitated. Positive and negative controls were
appropriate for each antibody run.

Results

Clinical features

In our series, neurothekeomas involved relatively
young patients (overall mean age 25.8 years; range
13—43 years), with a predilection for younger patients
with CN'T (mean age, 20.9 years) compared with those
with MNT (mean age, 34.5 years). Of the 11 patients,
six were males and five were females. The lesions were
most commonly located on the head and neck (54%,
six cases), followed by the extremities [36%, four cases
total: three cases (upper extremity), one case (lower
extremity)] and trunk (9%, one case, chest). Six of
seven cases of CNT involved the head and neck,
whereasall four MNT involved the extremities.

Histopathologic features

All 11 cases of neurothekeoma were dermal-based
tumors that lacked epidermal involvement. Cases of
MNT were characterized by well-circumscribed
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Fig. 1. Lobular architecture of a myxoid neurothekeoma.

lobules composed of spindle cells, loosely arranged and
in whorls, within abundant myxoid stroma, and were
separated from the adjacent dermis by thin fibrous
septa (Fig.1). Cases of CN'T were ill-defined, less cir-
cumscribed tumors than MNT cases. These tumors
formed cellular fascicles and nests of predominantly
epithelioid cells with variable amounts of eosinophilic
to pale cytoplasm (Fig.2). Scant myxoid stroma was
present in most cases. Occasional mitotic figures and
low-grade cytologic atypia were observed in most cases.

Immunohistochemistry

All cases of neurothekeoma demonstrated positive
labeling of tumor cells with anti-SI00A6 [weak (1+),
four cases; strong (24), seven cases]. With respect to
the CNT cases, three of seven cases demonstrated
strong (2+) anti-SI00A6 labeling, and four of seven
cases demonstrated weak (14) anti-SI00A6 labeling
(Fig. 3). All four cases of MNT showed strong (2+)
anti-S1I00A6 labeling of spindle cells without diffuse
staining of the myxoid stroma, a feature commonly
observed with anti-S100B (Fig. 4).

PGP9.5 wasdetected ineightof 11 (73%) casesof neuro-
thekeoma. Three of seven cases of CN'T were negative

<

Fig. 2. Nests and fascicles of predominantly epithelioid cells in the dermis
in a cellular neurothekeoma.
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Fig. 3. SI00A6 protein expression in a cellular neurothekeoma.

for PGP9.5 (Iig. 5); all three PGP9.5-negative cases were
strongly (2+) positive for SIOOA6 protein and two cases
were also positive for vimentin. All four cases of MNT
had weak (14) labeling of spindle cells for PGP9.5.

SI100B protein was present in only three of 10 neuro-
thekeomas, all MNTcases; one MNTwas not evaluated
for SI00B protein at the time of diagnosis. All seven
cases of CN'T'were negative for SI00B protein (Fig. 6).

Select cases of CN'T'were also evaluated for a variety
of other immunohistochemical markers at the time of

Fig. 4. Expression of S100 proteins in a myxoid neurothekeoma. (A)
SI00A6 protein and (B) SI00B protein. Note the diffusion of the SI00B

protein into the myxoid matrix.



Fig. 5. Example of a cellular neurothekeoma that was (A) negative for
PGPI.5 and (B) positive for SI0O0A6 protein.

diagnosis. Cellular neurothekeomas were positive for
vimentin (three cases), NK1-C3 (one case), and NSE
(one case). Cellular neurothekeomas were negative for
melan-A/MART-1 (five cases), HMB-45 (three cases),
cytokeratins (three cases), CD68 (three cases), SMA
(two cases), CD34 (two cases), EMA (one case), CEA
(one case), chromogranin A (one case), and CD3l
(one case). The results of the immunohistochemical
stains performed on the CN'I§ are summarized inTable 1.

Fig. 6. Negative SI00B labeling in tumor cells of a cellular neurothekeoma.
Note the entrapped SI00B-positive dendritic cells in the tumor.
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Table 1. Results of immunohistochemic stains in cellular
neurothekeomas

Patient no. S100A6 PGP9.5 S100B Other

1 ++ + — Vim (—), NSE (—), EMA (-),
Melan-A (—)

2 + + — ND

3 + + - NK1-C3 (+), Melan-A (—),
HMB-45 (—)

4 ++ - — Vim (+), Melan-A (—),
CD68 (—), SMA (—)

5 ++ = — Vim (+), HMB-45 (—), CK (—),
CD34 (—), CD31 (-)

6 + + — Melan-A (—), Factor Xllla (—)

7 ++ + — ND

Vim, vimentin; NSE, neuron-specific enolase; EMA, epithelial membrane
antigen; SMA, smooth muscle actin; CK, cytokeratins; ND, not done.

The clinical and histopathologic findings in our cases
of neurothekeoma were similar to previous published
series.”* “* Our lesions had a predilection for the
head and neck of young patients, as is quite typical,
although our MNT cases were all extremity based
lesions.

A diagnosis of MNT is usually not problematic, but
the same can not be said for all CNT cases. Often, as
hasbeen our experience, CNTare referred for consult-
ation because of difficulties distinguishing this lesion
from a melanocytic lesion, such as a (atypical) Spitz
nevus, cellular blue nevus or melanoma, or a fibrohis-
tiocyticlesion. Obviously, these distinctions are import-
ant for treatment decisions, especially with respect to
melanocytic lesions.

The absence of SIOOB protein expression in CN'T is
well documented in the literature;® " however, it is
difficult to make a conclusive diagnosis based on a
negative immunohistochemical staining result. For
this reason, it is usually necessary to perform a panel
of immunohistochemical markers, and render a diag-
nosis based on the overall immunoreactivity profile of
the tumor cells. There are few antibodies that are
consistently expressed by tumor cells in CN'T. Calonje
et al. published a series of nine cases that were all posi-
tive for NK1-C3.° However, NK1-C3 has been demon-
strated in a wide spectrum of lesions, such as a variety
of melanocytic nevi, melanoma, granular cell tumors,
medullary carcinoma of the thyroid gland, carcinoid
tumors, carcinomas of the breast and prostate gland,
and some fibrohistiocytic lesions.'® ** Within the past
few years, Wang et al. showed PGP9.5 expression in all
19 of their neurothekeoma cases, including 12 CNT.”
Unfortunately, anti-PGP9.5 suffers from low specificity
and can be positive in a variety of tumors of neuroecto-
dermal origin.**

Based on previous experience with SI00A6 protein
expression in tumors of putative Schwann cell origin,"”
we wondered whether SIO0A6 protein would be
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expressed in neurothekeomas, especially CN'T. More-
over, we were interested in comparing anti-SI00A6
with anti-PGP9.5 in these tumors in our institution.
We demonstrated that all 11 of our neurothekeoma
cases were positive for SI0O0A6 (100% sensitivity), but
only eight of 11 (73% ) neurothekeomas (five of seven
CNT) stained for PGP9.5. Thus, in our experience,
anti-SI00A6 was superior in sensitivity to anti-
PGP9.5. Perhaps our lower sensitivity for PGP9.5
compared with Wang et al.” was the result of using a
primary antibody from a different manufacturer, i.e.
our antibody was obtained from Dako and theirs from
Biogenesis. We used an antigen-retrieval method
similar toWang et al.”?

Anti-SI00AG6 suffers from a similar lack of specificity
to anti-PGP9.5 and anti-NKI-C3. In addition to
tumors of Schwann cell differentiation, SI00AG6 is also
expressed in some melanocytic and fibrohistiocytic
lesions."** In fibrohistiocytic lesions, SI00A6 protein
and factor XIIIa usually shows the same labeling pat-
tern; therefore, a tumor that is positive for SIO0A6
and negative for factor XIIIa is very unlikely to be of
fibrohistiocytic lineage.”® In melanocytic lesions, it has
previously been demonstrated that benign and malig-
nant melanocytic lesions consistently demonstrate
both SI00B and SIO0AG6 expression; therefore, a lesion
that is positive for SIO0A6 and negative for SIO0B 1s
very unlikely to be of melanocytic lineage.

In conclusion, antibody to SIO0A6 protein, as a
result of its lack of specificity, can not be used alone in
the evaluation of CN'T. However, anti-SIO0AG6 is a
highly sensitive immunohistochemical marker for
CN'T, which can be used in a panel of antibodies that
exclude melanocytic lesions and, if necessary, fibrohis-
tiocytic lesions. Moreover, SIO0A6 protein expression
in CN'Tdoes not shed additional light on the histogen-
esis of this tumor, but does not refute an origin from
the peripheral nerve sheath.
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