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Abstract: Four cases of primitive neuroectodermal tumors (PNETSs) with unusual localization (three intraspinal extramedullary

and one pontocerebellar) are reviewed. Histologically, they were small round blue cell tumors with diverse patterns.

Immunohistochemically, all tumors were positive for at least two neuronal markers, two cases were Mic-2 positive and one
showed glial differentiation. The paraffin-embedded tumor specimens were examined by interphase FISH using dual-color
probes specific foEWS, HER-2 andBCR loci. Molecular cytogenetic study revealed the presen&\drearrangement in

two cases and the presence of i(17q) in one tumor. Three tumors exhibited 22 disomy and one was 22digpaien-

chymal PNETSs within craniospinal axis are heterogeneous from the clinical, histological, immunohistochemical and molecular
point of view. These PNETs can be of a central or peripheral type. Multidisciplinary approach is of a basic importance in

differential diagnosis of such cases.
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Introduction [17]. These PNETs show a spectrum of non-random
chromosomal structural aberrations or losses, detected
Primitive neuroectodermal tumors (PNETS) compriselay karyotyping or by loss of heterozygosity (LOH)
heterogeneous group of neuroepithelial small round bla#elotyping, which include deletions of chromosomes
cell tumors. They can develop within or outside of thgq, 6, 9, 10, 11, 16g and 22 [2, 3, 21]. LOH on chromo-
central nervous system (CNS), being described as cepme 22 is also a feature of some other CNS tumors,
tral or peripheral PNETs. PNETSs reveal a spectrum sfich as meningiomas, ependymomas, gliomas, and
patterns evident at morphological, immunohistochematypical rhabdoid tumors [3, 4].
cal and molecular levels [1, 17, 21, 26]. The peripheral PNETSs belong to the pPNET/ Ewing
The most frequently diagnosed central PNET is cersarcoma group of tumors [9, 26]. They develop usually
bellar medulloblastoma, which shows isochromosonie bones and less frequently in soft tissue of the lower
17q as the most characteristic cytogenetic abnormalgytremities, as well as within paravertebral and retro-
[2, 4]. The other central PNETSs are tumors morphologperitoneal regions [20, 24, 26] . This group of neoplasms
cally undistinguishable from medulloblastoma, locateld characterized by the presence of abundant Mic-2
within cerebral hemispheres, pineal gland and pituitasurface protein and common t(11;22)(g24;912) translo-
cation [9, 17, 25]. Due to this translocation, in 85% of
cases, specific gene rearrangement occurs, leading to
Correspondence: E. Izycka-Svieszewska, Dept. Pathology, Medi- EWS/FLI1 gene fusion [1, 19, 26]. In rare casE8/S
cal University, Debinki 7, 80-211 Gdsk, Poland; e-mail: translocates to other gene partners, creating as a conse-
eczis@wp.pl quence different chimeric fusion proteins [17, 26, 29].
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Table 1. Clinical data of patients with PNETs

Patient 1. 2. 3. 4.
Age/ sex 26 years/ male 13 years/ female 26 years/ female 9 years/ female
Site of primary tumor Intra-dural C4-6, C5 root Epidural C7-Th11, dura Cerebello-pontine anale Epidural Th11-L2,
P y infiltration infiltration P 9 para-vertebral
Treatment Partial excision, Open biopsy, radio- Total excision Subtotal excision,
radiotherapy therapy, chemotherapy | radiotherapy chemotherapy
Metastases Dissemination via CSF Spine, lungs, bone Not detected Not detected
marrow
Died 3 months after D_ied dqe to
Follow-up diagnosis dissemination after 5 3.5 years, no symptoms 3.5 years, no symptoms
years

Extraparenchymal PNETSs localized within the crasarcomas and metastatic small cell carcinoma in the
niospinal axis are very rarely encountered. Only feadults.
such cases are reported, indicating the heterogeneousCases 1, 2, 3 had monomorphic cellular composition
nature of these neoplasms [7, 18, 28]. We review heraiith different tissue patterns: solid cohesive, creating

our own four cases. sheets and in case 3 complex-lobular and microcystic.
Case 4 had two cellular populations: small cells in solid
M aterials and methods cohesive areas and larger cells in a nested pattern with

rosettes and necrosis. All cases had rich delicate vascu-

All cases were diagnosed at the Department of Pathology, Medi¢ature, made of small vessels without parietal prolifera-
University of Gdask. Clinical history was available in each casetign (Fig. 1).

Patients 1, 2 and 3 have been reported previously in separate case stu |eﬁ. tolodical di histochemical feat f
[14-16]. Clinical data of all patients are summarized in Table 1. IStological and immunonistochemical teatures o

Formalin-fixed, paraffin embedded tumor sections were exarBlMOrs are Summarized in Tables 2 and 3 (Fig. 2). _
ined histologically by routine H-E staining. Immunostaining for cytokeratin, chromogranin,
Immunohistochemical evaluation was performed according WQeurofilaments, Cam5.2, EMA, desmin, ASMA, sar-

standard streptavidin technique with the appropriate positive a : : :
negative controls, using LSAB method. The following antibodiegg)menc actin, myoglobin, LCA and NB84 were all

(DAKO Glostrup, Denmark) were employed: MIC-2 (CD99), leunegative.
kocyte common antigen (LCA), vimentin, synaptophysin, neuron- .
specific enolase (NSE), glial fibrillary antigen (GFAP), cytokeratit- | SH analysis

AE1/AE3, Cam 5.2, epithelial membrane antigen (EMA), desmi . . .
a-smooth muscle actin, sarcomeric actin, myoglobin , chromogran?lqhe results of interphase FISH studies are presented in

neurofilament protein, NB84 and CD56 (NCAM- Novocastra). Table 4. In summary, FISH revealed the presence of
Interphase fluorescenda situ hybridization (FISH) was per- EWSrearrangement in two cases (case 2 and 4) and the
forrﬂed on nucll?ji isolaéeg from paraltﬁiF-e]mbﬁd(:eltlj tissue, acbcordi esence of i(17q) in one tumor (case 3). Case 4 dis-
to the protocol described previously [12]. The following probe se ;
were upsed: biotin-labeledF::osmid 85/9 and digoxigenin%szeled ngr_ayed al$0 overrepresentation of Chro.mosomes 17 and
mid F7 (their corresponding loci flafRVSRL/22q12 region) DNA  22. Mostlikely, the rearrangementaf/Sin cases 1 and
probes and dual-color Spectrum-Orange LS| HER-2/ned indicated the presence of t(11;22), since this variant is
(17911.2)/Spectrum Green CEP17 (17p11.1-q11.1; Vysis Inc., Stuthost common in PNET/ES family of tumors. The
gart, Germany) DNA probes. A locus- specific LSI22q (BCR) probgresence of i(17q) in case 3 suggested the occurrence of

was used for chromosome 22-copy enumeration. -
Hybridization and detection was performed as previously dg—entral PNET of medulloblastoma type (Fig. 3).

scribed [9]. Hybridization signals were visualized using an epifluo-
rescence microscope (Leica DMRB, Wetzlar, Germany) equipp@iscugon
with a cooled CCD camera and processed by image analysis software

(QUIPS, Vysis, IL, USA). The combination of clinical, histological and immuno-
histochemical features allows categorization of the ma-

Results jority of PNETs. However, in some cases an immuno-
histochemical profile is not always specific enough,
Pathology requiring the molecular approach in search for a specific

All cases were highly cellular, composed of mitoticallgene rearrangements, for instance towawdS gene
active small blue cells with high nucleo-cytoplasmié¢nvolvement [5, 17, 25, 26].

ratio. Differential diagnosis of PNET included neuro- Inthe presented cases, diagnosis of PNET was estab-
blastoma, lymphoma and rhabdomyosarcoma in chiltished on the basis of histological and immunohisto-
ren, and lymphoma, poorly differentiated small cethemical features of the tumor tissue. Further diagnosis
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Fig. 3. FISH. Upper half - case 3: isochromosome 17¢ (association
of two red signals 17q11.2 with green signal p11.1-gq11.1). Lower

: half - case 4: increased number of signals from chromosome 22
Fig. 2. Immunohistochemical staining: - case 4, strong membra- (green arrows); fusion (yellow arrows) of red (cos F7) and green
neous CD99 reactivityd - case 3, cytoplasmic GFAP deposits.  Signals (cos G9) prove rearrangement of EWS region.
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Table 2. Histological features of the examined tumors

Case 1. 2. 3. 4.
Cells Round, elongated Round, oval Round, carrot-shaped Round- small and|large
Tissue pattern Solid cohesive Sheets, lobules Lobular, microcystic Solid, nested
Rosettes Scattered Scattered Scattered Scattered
Necrosis Focal - Focal Focal
Vessels Delicate Delicate Delicate Delicate
PAS staining - - - Focal

Table 3. Immunostaining of the examined tumors

Case 1. 2. 3. 4.
NSE Focal + + +
Synaptophysin Focal + - +
GFAP - - + -
NCAM - + + -
S100 + + + +
Mic-2 - + - +
Vimentin - - - Focal

Table 4. FISH results in the examined tumors

Case
Probes
1 2 3 4
EWSflanking probes No rearrangement Rearranged No rearrangement Rearranged
Iso 17q Absent Absent Present Absent, 17 poliploidy
BCR(22g12)loci 22 disomy 22 disomy 22 disomy 22 poliploidy
Final diagnosis Egleﬂigm otherwise | ppNET/ES Central PNET-MB PPNET/ES

was supported by FISH analysis, which revealed mol8imilarly, most of several reported pontocerebellar me-
cular differences between these tumors. Two tumadsilloblastomas in adults lack cytogenetic or molecular
showed rearrangement BYWS gene characteristic for analysis, so it seems that some of them are in fact
pPNET/ ES, one had iso17q typical for medulloblastantracranial cases of PNET/ES [18, 27].
ma, and in one no changes were found with the applied All our patients were under 40 years of age, similarly
probes. Loss of heterozygosity in chromosome 22 was the literature reports [7, 10, 18, 28]. Three of our
not revealed in any case. Case 4, however, shBM& tumors had intraspinal extramedullary location. Case 1
rearrangement together with polyploidy of chromoprobably originated from cervical nerve root or spinal
somes 17 and 22. dura. Cases 2 and 4 were lumbar epidural tumors (the
Several extraparenchymal CNS PNETSs of leptomefirst with dural implants and systemic metastases, and
ingeal, dural and of nerve root origin have been reportéte second with extension into the paraspinal muscles).
up to now [7, 10, 13, 28]. Only in some of them moleFhe intracranial case 3, which was clinically manifested
cular analysis was performed despite of the fact that tleis meningioma seemed to be in fact an extracerebellar
information carries therapeutic and prognostic implicanedulloblastoma. Two patients died due to neoplastic
tions [7, 13]. The paper of Dedeurwaerdetal. [7] dissemination, and two, who were free of metastases at
yields a current review of literature concerning durdhe clinical presentation, are alive and asymptomatic.
intracranial and intraspinal cases with t(11;22). Pré&though the long clinical course is reported in up to
viously Demeet al. [8] presented the review of 13 case45% to 60% of PNET-ES cases, general prognosis is bad
of spinal intramedullary and intradural PNETs from th{23, 24]. An aggressive growth with extension into the
literature, but cytogenetic data were unavailable theqgaraspinal muscles and progression with CSF seeding or
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distant metastases is characteristic for these neoplasmsfgen_tle ftﬁion tgpehs ilnsgflii%/SCSngézositive tumors of the Ewing
i ith i i amily. Hum Pathol 30: -
L,SNJEQI_' 20|, 23].tAmong patlert_s with mtracramallt%entr I2] Bayani J, Zielenska M, Marrano P, Kwan Ng Y, Taylor M, Jay
S, long-térm survival 1s uncommon, _a oug V, Rutka J, Squire J (2000) Molecular cytogenetic analysis of

adult medulloblastomas show better prognosis [17, 22]. medulloblastomas and supratentorial primitive neuroectoder-
The known prognostic factor is the stage of the disease mal tumors by using conventional banding, comparative
at the diagnosis [23, 24]. ggngn;cﬂ;gbridization, and spectral karyotyping. J Neurosurg

Neural differentiation Is characteristic and dlagnostlf:,o(;J Bh'attacharjee MB, Armstrong DD, Vogel H, Cooley L (1997)
for most of PNETSs and is also accepted as the featlre cyiogenetic analysis of 120 primary pediatric brain tumors and
distinguishing pPNET from ES in this family of tumors literature review. Cancer Genet Cytogenet 97: 39-53
[13, 20, 24]. Schmidét al. [24] defined pPNET by the [ 4] Biegel JA (1997) Genetics of pediat.ric central nervous system
presence of rosettes or immunoreactivity with at Iee;lsg] tumors. J Pediatr Hematol Oncol 19: 492-501

(S)

Coindre JM (2003) Immunohistochemistry in the diagnosis of
two neuronal markers. All our tumors showed the soft tissue tumours. Histopathology 43: 1-16

features. Our pontocerebellar medulloblastom@s) craft A, Jurgens H (1992) "EICESS 92" (European Intergroup
presented in part an unusual microcystic pattern. The Cooperative Ewing’s Sarcoma Study)
parallel expression of GFAP and neuronal markers re?l gegeu“a’?frgeqf F, ,\G/lil_a“é““i C, SECiBt R, RUbiR BMP: Peé"%ngo
. . : PR : , Borghi L, Ballotta ML, Cornips E, Demunter A, Maes B, Dei
vealed bipotential differentiation in this tumor. In the - e (2002) Primary periph%ral PNET/Ewing's sarcoma of
study of Nicholsort al. [21] on central PNETS, tumors  the dura: a clinicopathologic entity distinct from central PNET.
with i17q were GFAP- negative. Amaaral. [1] exam- Mod Pathol 15: 673-678
ined relation of neuroglial marker expression &S [ 8] (IjDe”me S, _An_g LC, Skaf Gt Sowedl PW (19]‘9;) Primalry ingame-
; ; ullary primitive neuroectodermal tumor of the spinal cord: case
ger.le fusion types_ln OSSGOUS_ .PNET/ES' Only few of reportyapnd review of the literature. Neurosurger54l: 1417-1420
their ca_ses were |mmunoposmv_e for more than 9] Desmaze C, Zucman J, Delattre O, Melot T, Thomas G, Aurias
neuroglial markers and a correlation of immunopheno- ~ A (1994). Interphase molecular cytogenetics of Ewings Sarco-
type with molecular features was not found. The authors ma and peripheral neuroepithelioma t(11;12) with flanking and
observed, however, some relations between fusion ty e] gveg'apﬁ'ngG C%?/mr'td Fggbas- Ca;]”%ef Gﬁ\f/‘vet}gyﬁogigetg“ibl&w
. orfmuller G, Wurtz FG, Umschaden HW, Kleinert R, Ambros
anq tumo.r histology. The .morphOIOgy of our case 2 W PF (1999) Intraspinal PNET: report of two cases and review of
quite typical for PNET, since case 4 showed multiple e jiterature. Acta Neurochir (Wien) 141: 1169-1175
molecular changes together with complex histologicé#li] Garin-Chesa P, Fellinger EJ, Huvos AG, Beresford HR, Me-
features. lamed MR, Triche TJ, Rettig WJ (1991) Immunohistochemical

e ic hi analysis of neural cell adhesion molecules. Differential express-
The Mic-2 gene product (CD99) is highly expressed ion in small round cell tumors of childhood and adolescence.

in nearly all peripheral PNET-ES but it is not their ., 3 pathol 139: 275-286

specific marker [5, 11]. Central PNETSs are CD99-negfr2] Hopman AHN, Ramaekers FC80oijs GP (1990) Interphase
tive [7, 13, 17]. Both our tumors witBWS rearrange- cytogenetics of solid tumors. In: In Situ Hybridization: Princi-
ment showed Mic-2 expression. In one of them, NCAM p_ltes ;‘”d P%Cticed Po'af éJSMiE’;/IGCGee JOG [Eds], Oxford Univer-

o : C o sity Press, Oxford, pp 165-
r(_aactlwtywas found. ThIS was rather .an unu.sual findin 3] Ishii N, Hiraga H, Sawamura Y, Shinohe Y, Nagashima K
since commonly an inverse correlation exists between” (2001) Alternative EWS-FLI1 fusion gene and MIC2 express-
these two markers [11]. ion in peripheral and central primitive neuroectodermal tumors.

Lack ofEWSrearrangement and Mic-2 expression in Neuropathology 21: 40-44 _
case 1 most likely excludes diagnosis of pPPNET/ES [284] 'Azygg:esg’l"('iesZgﬁigaNizgfﬂe‘é‘;{;:\fv‘?;yj V‘(ZZ@?;Z Vli’l%zgr']a\']‘
26], although the presence of another translocation vari- (éOOS) A uniqhe occurrence olfa cerebral aty’/pical tera’toid/rhab-
ant can not be ruled out [2¥can be also a centraltype  doid tumor in an infant and a spinal canal primitive neuroec-
tumor with changes not detectable by our probes. Cur- todermal tumor in her father. J Neurooncol 61: 219-25
rent literature on central PNET analysis with comi5] g%%ﬁltsvtvr']eszew;kfﬁ E, Dt_eb'eC'RlyCht_i: M, E'OC W (200137)

: ; S : in the cerebellopontine angle with isochromosome 17q
parative genomic hyb.ndlzatlon’ specftral karyotyping presenting as meningioma ina 26 years old woman. Clin Neur-
and FISH [2, 3] shows involvement of different chromo-  gpathol 22: 66-70
somes including 7, 17, 10 and 22. [16] Izycka-Swieszewska E, Stefanowicz J, Debiec-Rychter M,

Extraparenchymal PNETs within craniospinal axis Rzepko R, Borowska-Lehman J (2001) Peripheral primitive
are heterogeneous from the clinical, histological, immu- - neuroectodermal tumor withinthe spinal epidural space. Neur
r_th|Sthhemlcal_ and molgcular point of view. In add'['l?] Kleihues P, Cavenee WK (2000) Embryonal tumors. In: WHO
tion to immunohistochemistry, these tumors need to be" pathology and Genetics. Tumours of the nervous system. IARC
diagnosed with molecular methods to resolve diagnostic Press, Lyon, pp 123-161

difficulties and to optimize the therapy. [18] Kumar R, Achari G, Banerjee D, Chhabra DK (2001) Uncom-
mon presentation of medulloblastoma. Childs Nerv Syst 17:
538-542
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