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A BSTRACT
Perineuroma is a rare tumor originating from perineurium of the peripheral nerve. In contrast to neurofibroma and schwannoma,
both of which arise from endoneurium and are immunohistochemically positive for S100 protein, perineuroma is negative for
S100 protein; the fact makes the pathologic diagnosis difficult. As is well known, stem cells are highly associated with neuronal
and organ developments in human embryos, and some neuronal cells are suspected to be derived from neuronal stem cells. Herein
reported a very rare case of subcutaneous perineuroma negative for S100 protein but positive for a number of stem cell antigens;
the case suggested that some perineuromas could arise from neuronal stem cells. A 68-year-old woman presented with a skin
tumor of 10 mm in diameter in the foot. Physical examination revealed a small movable subcutaneous tumor, and resection
was performed. Histologically, the tumor was a well-defined round tumor measuring 0.9 cm × 0.9 cm × 0.9 cm located in the
subcutaneous tissue. No capsule was seen. The tumor was composed of hypocellular myxoid, neuroid tissues containing small
areas of high cellularity where tumor cells resembled neuronal stem cells. Immunohistochemically, the tumor was negative for
S100 protein, HMB-45, various cytokeratin (CK), EMA, α-SMA, desmin, p53, and many other antigens. The neuronal stem
cell-like cells were positive for various stem cell antigens including NSE, KIT, bcl-2, chromogranin, synaptophysin, PDGFRA,
MET, ErbB2, and CD34, as well as for vimentin and Ki-67 antigen (labeling index = 1.5%). Because the tumor was negative
for S100 protein but positive for neuroendocrine molecules and neuronal stem cell antigens, the author diagnosed the tumor as
perineuroma with stem cell features. Such a perineuroma has not been reported to date. The outcome of the patient was excellent.
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1. I NTRODUCTION

contains ganglion cells in addition to the supporting cells.

The peripheral nerve system contains secondary motor nerve,
first sensory nerve, and the autonomous nerve system composed of sympathetic and parasympathetic neurons. The
former two forms are composed of neuron axis, schwann
cells, and other supporting cells such as perineurium, endoneurium and epitherium. The autonomous nerve system

Several kinds of benign peripheral nerve tumors are seen
in clinical settings. Almost all of them are schwannoma
and neurofibroma. As mentioned above, the peripheral nervous system is composed of endoneurium, epineurium and
perineirium.[1] Perineuroma and its related tumors of neurothekeoma and nerve sheath myxoma are categorized as per-
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ineural tumors, though the histological features were somewhat different from each other.[2–8] The classification and
morphology of these three tumors are debatable; Table 1
shows brief characteristics of benign peripheral nerve tumors.
The most important immunopathologic antigen in diagnostic
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pathology in peripheral nerve system is the S100 protein. It
is very sensitive but not specific. Its positive antigenicity is
seen in most peripheral nerve tumors, but it is negative in
perineuroma (see Table 1). However, S100 protein is not specific to nerve; it is expressed in various cell types including
fat, cartilage, melanocytes, macrophages, Langerhan cells,
myoepithelial cells, and so on.

Table 1. List of benign peripheral nerve sheath tumors and their characteristics

Schwannoma
Neurofibroma
Neurofibromatosis
Traumatic neuroma
Neurothekeoma

S100
immunoreaction
+
+
+
+
+

Nerve sheath myxoma

+

Perineurioma
Ganglineuroma

−
+

Paraganglioma

+

Clinicopathologic features
Encapsulated, Antoni A+B, hemosiderin, palisading, vessels
Consisted of schwann and fibrous cells
NF1 and NF2, NF gene. Histologically the same as neurofibroma
History of trauma. Composed of small nerve tissues
Nerve sheath origin. Myxoid nerve with intermittent fibrous tissues
Nerve sheath origin. Histologically very similar to neurothekeoma, but is more
myxoid
Very similar to neurofibroma but S100 negative
Composed of ganglion cells and schwann cells
Also called as pheochromocytoma. Chromaffin cells. S100 positive sustencular
cells

Stem cells play an important role in the embryonic development of nervous systems. In central neural tumors and some
peripheral nerve tumors, in particular neurofibromatosis, are
derived from neural stem cells.[9, 10] However, there have
been no cases of perineuroma, neurothekeoma, and nerve
sheath myxoma with stem cell features.

2. C ASE REPORT
A 68-year-old woman noticed a small skin tumor in the foot,
and consulted to our hospital. Physical examination revealed
a small subcutaneous tumor in the foot skin or soft tissue.
The tumor measured 10 mm × 11 mm × 11 mm and showed
tenderness. The tumor was movable by palpation. No lymph
node swelling was noted, and the skin overlying the tumor
was almost normal though it was mildly reddish. The routine
blood test was almost within normal ranges. A resection
of the tumor was performed. Histologically, the tumor was
located in the subcutaneous tissue (see Figure 1A). The tumor was a well-defined round tumor measuring 0.9 cm ×
0.9 cm × 0.9 cm (see Figure 1A). No capsule was seen. The
tumor was composed of hypocellular myxoid, and neuroid
tissues (see Figure 1B) containing small cellular areas where
the tumor cells resembled neural stem cells (see Figure 1C).
No atypical features or mitotic figures were seen. No invasive
features were recognized.

ithelial membrane antigen (EMA), α-smooth muscle actin
(ASMA), melanosome antigen human melanoma black 45
(HMB45), desmin, cancer carbohydrate antigen 19-9 (CA199), protein (P) p53, cluster differentiation (CD) CD68, p63,
CD45, CD3, CD20, CD10, myoglobin, cyclin-dependent
kinase-4 (CDK4), mouse double minute 2 (MDM2) homolog,
mucin core protein (MUC) MUC1, MUC2, MUC5AC, and
MUC6. The cellular neural stem cell-like cells were positive for neuron-specific enolase (NSE) (see Figure 2A), KIT
or CD117 (see Figure 2B), B-cell lymphoma 2 (bcl-2) (see
Figure 2C), chromogranin, synaptophysin (see Figure 2D),
platelet-derived growth factor receptor-alpha (PDGFRA)
(see Figure 2E), met gene (MET, also known as hepatocyte growth factor receptor) (see Figure 2F), neu gene/erb-b2
gene, erbb2 gene (ErbB2, also known as human epidermal
growth factor receptor 2 and HER2/neu), CD34, vimentin,
and Ki-67 antigen (clone MIB1) (labeling index = 1.5%). Because neuroendocrine antigens and antigens of neural stem
cells were positive but S100 protein was negative, the author
diagnosed the tumor as perineuroma with stem cell features.
Such a perineuroma with stem cell features has not been
reported. The outcome of the patient was excellent.

3. D ISCUSSION

The present tumor histologically showed benign neuroid feaImmunohistochemically, the tumor was negative for S100 tures. The tumor was small and located in the subcutaneous
protein, cytokeratin (CK) 14, CK AE1/3, CK CAM5.2, ep- tissue. The tumor was not encapsulated, but it was well
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demarcated from the surrounding tissue. The hematoxylin diagnosis and to evaluate the stem cell features. Interestingly,
and eosin histologies suggests a schwannoma, neurofibroma, it showed that the tumor was negative for S100 protein. Thus,
nerve sheath myxoma, neurothekeoma, or perineuroma.
schwannoma and neurofibroma, both of which are almost
always positive for S100 protein were denied by histology as
An immunohistochemical study was done to determine the
well as by immunohistochemistry.

Figure 1. Histology of the tumor
A: Very low power view. The tumor is located in the submucosa and measuring 0.9 cm × 0.9 cm × 0.9 cm. The tumor is well defined but
has no capsule. The tumor is hypocellular. HE, ×20. B: Medium power view. The tumor is composed of myxoid, neuroid matrix. No
atypical features are seen. HE, ×100. C: High power view of the relatively cellular areas. These area are less than 5% in areas in the
tumor. Spindle cells and stem cell-like cells are seen. No atypical features are seen. HE, ×200

The Immunohistochemical study showed that the neural stem
cells-like areas with high cellular density showed neuroendocrine features (NCAM, NSE, chromogranin and synaptophysin). These findings suggest that the tumor is of perineurium origin. Thus, perineuroma, neurothekeoma, and
nerve sheath myxoma were probable; the latter two can be
negative for S100. The separation and classification of these
three tumors are dabatable. Because, the myxoid changes
seen in nerve sheath myxoma were not prominent and characteristic nested pattern present in neurothekeoma was absent
in the present case, the author denied neurothekeoma and
Published by Sciedu Press

nerve sheath myxoma both of which were frequently S100positive, and diagnosed this tumor as perineuroma.
The present perineuroma is unique, because many stem cell
antigens were expressed in the neural stem cells-like areas
showing a high cellularity. That is, the neural stem cellslike areas were positive for many stem cell antigens, i.e.
KIT, NCAM, NSE, synaptophysin, chromogranin, bcl-2,
PDGFRA, MET, ErbB2, and CD34.[11–27] These findings
strongly suggest the close association between the present
tumor and neural stem cells.[11–27] It can be plausible that the
present tumor arose from neural stem cells. That is, there is a
15
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possibility that the present tumor is a kind of stem cell tumor.
In embryonic development of humans, almost all nerve systems are made by embryonic stem cells. Some nerve tumors
of soft tissue are thought to be derived from stem cells.[9, 10]
These findings suggest that the present perineuroma were
derived from neural stem cells.

2017, Vol. 4, No. 1

In the present case, KIT, PDGFRA, MET, and ErbB2 were
expressed in the tumor. These findings suggest that stem cell
factor/KIT, platelet-derived growth factor-alpha/PDGFRA,
hepatocyte growth factor/MET, and epidermal growth factor/ErbB2 signaling pathways play an important role in
the tumorigenesis and tumor growth in the present perineuroma.[11–27]

Figure 2. Immunohistochemistry of the tumor
The cellular NSC-like cells were positive for NSE (A), KIT (B), bcl-2 (C), synaptophysin (D), PDGFRA (E), and MET (F). A-F: ×200

In the present case, CK14 (a stem cell antigen) was negative,
suggesting that all stem cell markers are not expressed in
the present possible stem cell tumors. The present tumor
showed negative expression of CK AE1/3, CK CAM5.2 and
EMA, indicating that the present tumor is not an epithelial
tumor. The positive expression of vimentin indicates that
the present tumor is a mesenchymal tumor. The negative
expressions of ASMA, desmin, and myoglobin suggest that
the present tumor is not myogenic tumor. The negative expression of S100 and HMB45 suggest that the present tumor
is not malanocytic tumor or nevi. The negative expression
of p53 suggests no p53 mutations and benign nature of the
present tumor. The negative p63 suggests that the tumor is
not epithelial carcinoma and not myoepithelial carcinoma.
The negative expressions of CD68, CD45, CD3, CD20, and
CD10 indicate that the present tumor is not a leukocytic

16

neoplasm including lymphoma and granulocytic sarcoma.
The negative CDK4 and MDM2 imply that the present tumor is not atypical lipomatous tumor (well differentiated
liposarcoma). The negative MUC1, MUC2, MUC5AC, and
MUC6 showed the mucins of the myxoid areas do not have
MUC1 and MUC2, MUC5AC and MUC6 mucins backbone
proteins.

4. C ONCLUSIONS
The author herein presented a very rare case of perineuroma
in the subcutaneous tissue of the foot. The tumor was characterized by negative S100 and positive stem cell markers. It
was strongly suggested that the present perineuroma might
have arisen from neuronal stem cells.
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