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Peripheral primitive neuroectodermal tumour
with ganglioneuroma-like areas arising in the cauda equina
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Abstract Peripheral primitive neuroectodermal tumo ;

(pPNET or peripheral neuroepithelioma) is one of tﬁgtroductlon

malignant small round cell tumours of peripher@eripheral primitive neuroectodermal tumours (pPNET),
nerves, soft tissues and bones, but rarely originatesaiso refered to as peripheral neuroepitheliomas, are a
the spinal canal. We report an example of pPNET arggoup of malignant small round cell tumours presenting
ing in the cauda equina of a 14-year-old Japanese hagstly in children or young adults and arising outside
At surgery, a well-demarcated tumour measuring 2¥4e central and sympathetic nervous systems. Despite
cm in diameter and involving one of the nerve roots tieir histological resemblance to neuroblastoma, rhab-
the cauda equina was located within the intradural spaiegnyosarcoma and malignant lymphoma, pPNET have
with no evidence of extradural extension. Microscopilistinct clinicopathological features with limited neuro-
cally the tumour was made up of sheets of closadgtodermal development, as suggested their immunohis-
packed small round cells, associated with ganglioneutoehemical and ultrastructural profiles. Both pPNET and
ma-like islands. Immunohistochemically, the smaliwing’s sarcoma strongly express the glycoprotein
round tumour cells were intensely positive for neurop30/32 (CD99), which is encoded by th&#C2 gene [4,
specific enolase (NSE), amMIC2 gene product (O13) 5, 20, 22]. Moreover, recent cytogenitical and molecular
and S2-microglobulin, whereas the foci with ganglioranalyses have demonstrated that pPNET is characterized
cell-like cells reacted positively to NSE, synaptophyslsy a highly consistent chromosomal translocation t(11;
andf2-microglobulin but were negative for O13. A chi22)(24; q12), resulting in the formation of a unique chi-
meric transcript of th&WS/FLI-1fusion gene detectedmeric gene EWS/FLI-1, which is also shared by Ew-
by a nested reverse transcriptase—polymerase chainirrg’s sarcomas of bone and in extraskeletal sites [1, 4, 5,
action using formalin-fixed paraffin-embedded tissug0, 27]. Thus, the concept tht pPNET and Ewing’s sar-
justified the diagnosis of pPNET. Only 6 cases of PNECbma are part of a disease spectrum, forming a PNET/
in the cauda equina have been described in the liteEaving family of tumours, has been considered [1, 4-6,
ture, and this is the first case of a pPNET with ganglie6, 19].

neuroma-like areas. This finding suggests that the primi- Although pPNET usually occurs in peripheral nerves,
tive tumour cells of pPNET may respond to unknowsoft tissues of extremities and trunk, and bones, tumours
inductive effects and express a ganglion cell-like magrising from the nerve roots in the spinal canal are rare.

phology. We describe here a case of pPNET in the cauda equina of
an adolescent boy together with immunohistochemical
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Clinical history

A l4-year-old Japanese boy was admitted to Kyushu Rosai Hospi-

M. Hisaoka - H. Hasimotd{]) tal with 3-month history of lumbago after exertion and a recent
Department of Pathology and Oncology. onset of intensified low backache and pain in the left lower ex-
University of Occupational and Environmental Health tremity, which led to difficulties in continued standing and walk-
1-1 Iseigaoka, Yahatanishi-ku, Kitakyushu 807 Japan’ ing. Routine laboratory tests were within normal limits. Radiologi-
Tel.: (81)93-6@1-7239 Fax: (8’1)93-692-0189 ' cal examination revealed an intraspinal mass in the cauda equina
- ' ' (Fig. 1), which was removed surgically. At surgery, the lesion was
T. Muorao found to be confined to the intradural space of the lumbar spinal

Department of Orthopedics, Kyushu Rosai Hospital, Jpan canal, and one of the nerve roots of the cauda equina was involved



by the tumour with no extradural extension. The patient was well,
without evidence of disease at 3 months after the surgery.

Materials and methods

The surgical specimen obtained was routinely fixed in 10% forma-
lin and embedded in paraffin. In addition to haematoxylin-eosin
staining, periodic acid—Schiff preparations (PAS) with and without
prior diastase treatment were done. For immunohistochemistry,
deparaffinized sections were treated with 3% hydrogen peroxide
in absolute methanol to block endogenous peroxidase activity, and
incubated with the following primary antibodies: neuron-specific
enolase (NSE; Dako Japan, Kyoto, Japan), synaptophysin (Dako
Japan), S-100 (Dako Japan), glial fibrillar acid protein (GFAP;
Dako Japan), PGP9.5 (Ultraclone, Cambridge, UK), cytokeratin
(AE1/AE3; Boehringer Mannheim, Indianapolis, Ind.), cytokeratin
(CAM5.2; Becton Dickinson, Mountain View, Calif.), desmin
(Dako Japan), muscle-specific actin (Enzo Diagnostics, New York,
ﬁl.Y.) a-smooth muscle actin (Sigma, St. Louis, Mo.), 013 (Sig-

Fig. 1 a Sagittal anch axial views of magnetic resonance imagin . -
after enhancement with contrast medium, showing a solid mass Wik Dedham, Mass.), leucocyte common antigen (LCA; Dako Ja-

: A g ; pan) and32-microglobulin (Dako Japan). A labelled streptavidin-
an enhanced signal intensity in the lumbar spinal camal(head§ | peroxidase method using an LSAB kit (Dako Japan) was

employed. For molecular analysis of the tumour, total RNA was
Fig. 2a—d Photomicrographs of the intraspinal tumaaThe tu- extracted fro_m the forma_lin-fixed paraffir_l-emb_edded tiSSLI_e speci-
mour is made up of a monotonous proliferation of small round ceffign as previously described [1, 22]. Briefly, five 4-um-thick sec-
partially forming abortive rosettearows) H&E, x150.b Islands tions were deparaffinized in two exchanges of xylene and two
of large ganglion cell-like cells are seen between sheets of the swagihes of ethanol. Then 1.5 ml of Trizol reagent (Gibco BRL,
round cells, H&E, x100insetdisplays an enlarged view of one ofGaithersburg, Md.) was added, and the tissue sections were ho-
the ganglion cell-like cellsc The small round cells are diffuselymogenized. Extraction of RNA was performed in accordance with
positive for aMIC2 gene product (O13), while the ganglioneuromahe manufacturer's instructions. A nested reverse transcrip-
like areas are negative for this marKeft. Immunostaining, x150. tase—polymerase chain reaction (RT-PCR) for the EWS/FLI-1 fu-
d Both small round cells and ganglion cell-like celisrgwheady sion transcript was carried out on the extracted RNA according to
are intensely stained f@2-microglobulin. Immunostaining, x210 the method described by Adams et al. [1]. To determine the type
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of fusion transcript, the PCR product was cloned into a pCRZXesmin, actins, GFAP, cytokeratins and LCA were con-
vector (Invitrogen, San Diego, Calif.) by TA ligation and Sesistently negative in both elements.

quenced using an automated sequencing system, ALFexpres .
DNA sequencer (Pharmacia Biotech, Uppsala, Sweden). As p si-% 277-bp product was obtained by a nested RT-PCR

tive and negative controls of the nested RT-PCR reaction in tH¥ chimeric transcripts of thEWS/FLI-1gene using ex-
study, another case of pPNET occuring in the skeletal muscletrgicted RNA from the archival tissue specimen (Fig. 3).

the thigh with t(11; 22)(q24; q12) resulting in the junction of\ subsequent sequence analysis of the PCR product re-

genes between EWS exon 7 and FLI-1 exon 5 and an exampl ; e ; :
ependymoma in the spinal cord were used, respectively. fg%lse(je;gﬁ ;u;'%nlz?_?_nleeigﬂtg'?ég% the junction between

Pathological findings Discussion
Grossly, the tumour was elongated, ovoid, and Well-sd‘§-
marcated, and measured about 2x4 cm at the greate

ameter. The cut surface was grey to tan, and there . ;
haemorrhagic foci in the peripheral portion neoplasms both in the central and sympathetic nervous
Microscopically, the lesion was made up of a lobul§yStems and in peripheral systems such as bone and soft
or sheetlike arra{ngement of closely packed unifo sues. Stout first described a primitive neuroepithelial
small round cells with scant cytoplasm and hyperchrr&(::")lplaSm ?r|S|fngl\||r|1£_lt_h_e tjrl]nar n_err\]/e IT 1t918 [26], and
matic nuclei having marginated or dispersed chromafif"y Feports o FINE I in the péripheral sites were com-
and small nucleoli (Fig. 2a). No distinct true or pseud osed of those originating from the peripheral nerves.
rosettes were formed, though abortive forms of HomgFcent studies of the tumours, however, have focused
g%a]unly on the lesions in soft tissues or bones without

widely used term, “PNET" generally outlines a group
rdrimitive or poorly differentiated small round cell

Wright rosettes were occasionally seen. Mitotic figur . .
were frequently seen. Many tumour cells possessed GIPS€ relation to peripheral nerves. Recently, Akeyson et
reviewed 36 cases of the tumours involving the pe-

tracytoplasmic PAS-positive granules, and the PAS po@'— . . o
tivity disappeared after a diastase treatment, indicatfig'€ral nerves in the literature [2]. PNET arising in the
da equina is rare, and only 6 cases have been report-

glycogen granules. There were areas of variable size 5 X .
shape with scattered large ganglion cell-like cells wi prev!ouslyﬁ[lzt, :54* 15|’ 25]. IThese tumours_lc?dtlhe Calé'
oval vesicular nuclei containing distinct nucleoli and@ €duina aifected exclusively young or middie-age

faintly eosinophilic or amphorphilic cytoplasm embedidults with a mean age of 36 years and a male predomi-
ded in an eosinophilic fibrillar background reminisce ?/\(;?h dt int inal locati b f
of ganglioneuroma (Fig. 2b). No glial elements or sate|-'*'\) fégard 1o an intraspinal location, a number o

lite cells, as seen in the spinal ganglia, were identifiedqlferential diagnostic considerations emerged in this
these areas. case. However, the distinction of the present tumour

Immunohistochemically, most of the small round tfrom the commonest intraspinal tumours, such as menin-
X gioma, schwannoma, neurofibroma and ependymoma,

B2-microglobulin and 013 (Fig. 2c, d), and the smaWaS straightforward microscopically. Other small round

cells that were positively reactive to S-100 or syG€ll tumours, including malignant lymphoma, rhabdomy-

aptophysin or PGP9.5 were frequently intermingled
the tumour. The areas of large ganglion cell-like ce
were positive for NSE, synaptophysin, PGP9.5 ARd

microglobulin, but were negative for 013 (Fig. 2c, d%)'r

arcoma and small cell carcinoma, were eliminated by
e negative immunoreactivities to LCA, desmin, muscle
actin and cytokeratin.
The morphological aspect of the small cell areas of the
esent tumour is comparable to that of less highly differ-
M 1 2 3 entiated pPNET lacking in distinct rosettes and resembling
classic Ewing’s sarcoma. Peripheral PNET is characterized
by primitive small round cells with distinct neural differen-
tiation, and histological evidence of its neural differentia-
tion is commonly indicated by rosette formation [4—6, 14].
However, some pPNET may have few distinct rosettes or
only abortive forms of Homer Wright-type rosettes as seen
in our case. Some investigators diagnose any tumour with
evidence of neuroectodermal differentiation as pPNET [4],
and others have suggested the presence of two or more
neural markers or ultrastructural evidence of neural differ-
entiation to distinguish pPNET from Ewing’s sarcoma [6].
According to these notions of pPNET, the current case is
. . _ considered an example of pPNET, because a neural or neu-
E;gf-%pr)ec?stﬁi(\j/eRg:a\ig?nftofgiéhCEz;/s\ilgr/(EL;.lI{/Iung-gs?Nﬂ]?emggrfi roectodermal derivation of the tumour is substantiated by

lane 1PNET of soft tissue with t(11; 22)(q24; q12) (positive conthe cellular immunoreactivies to NSE, PGP9.5 and syn-
trol), lane 2ependymoma in the spinal cord (negative control) aptophysin along with abortive rosette formation.
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The diffuse cellular expressions of aMlC2 gene dence of neural differentiation in pPNET. However, it
product recognized by an antibody OB2;microglobu- appears to be a very rare phenomenon [4], and we found
lin, and the presence of a chimeric transcript of tlagpaucity of documentation on ganglion cells or ganglion
EWS/FLI-1fusion gene are considered firm supports faell-like cells in previously reported pPNETs [3, 21].
the idea that the present tumour is a member of tBeveral in vitro culture studies have shown that Ewing’s
PNET/Ewing family. Recent immunohistochemical anagarcoma of bone and of extraskeletal sites has a variable
lyses have suggested that immunoreactivities to the stapacity to develop neural traits by the addition of neural
face glycoprotein, p30/3%c2 or CD99, encoded by theinducers such as retinoic acid, nerve growth factor and
MIC2 gene, angB2-microglobulin, an HLA-1 class anti-dibutyryl cAMP [19]. Thus, the primitive pluripotential
gen-associated glycoprotein, are useful markers to distumnour cells of the PNET/Ewing family are presumed to
guish the PNET/Ewing family from other tumours sudbe likely to respond to certain inductive factors leading
as neuroblastoma [20, 22]. The aberrant transcript geriben to differentiate further along a neural line in vivo.
ated by a unique chromosomal translocation t(11; 22¢veral examples of pPNET with focal divergent differ-
(924; q12) or a fusion of the segments of fhé-1 gene entiation, such as epithelial, glial, ependymal, cartilagi-
on chromosome 11 and tl®AVSgene on chromosomenous and muscle differentiation, have also been described
22 have been almost consistently identified in the 8, 9, 23, 24].
mours belonging to the Ewing family [1, 19, 22, 27]. The In conclusion, the current case emphasizes that pPNET
variant translocations, such as t(21; 22)(q22; g12) ican develop as an intradural mass in the cauda equina and
volving the ERG gene on 21922, t(7; 22)(p22; q12) inhave a morphological appearance of ganglionic differenti-
volving theETV1gene on 7p22 and more recently t(1gtion. In this study, we confirmed the diagnostic utility of
22)(q12; g12) involving thé1AF gene on 17921, havea coupled ancillary immunohistochemical and molecular
been described in a minority of this family [10, 11, 27&pproach on aNIC2 gene produc{32-microglobulin and
Our nested RT-PCR analysis results could reinforce e aberrant transcript generated by BEN&S/FLI-1fusion
utility and feasibility of the detection of t(11; 22)(q24gene in PNET/Ewing family tumours with such unusual
gl2) translocation breakpoint in paraffin-embedded tiginicopathological features.
sue of the Ewing family tumours that has been recently
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