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Immunohistochemical and Ultrastructural Observation
on Small Round Cell Tumors

Chae-Hong Suh, M.D., Jeong-Yeol Yang, M.I*, Sung-Chul Lim, M.D.
and Yong-Lim Kim, M.D.

Depantments of Pathology and Plastic Surgery®, College of Medicine
Chosun University, Kwangju, Korea

Small round cell tumors such as neuroblastoma, rthabdomyosarcoma, Ewing’s tumor, malignant
lymphoma and small cell carcinoma are ofien confused clinically and hisiologically.

To clarify the similarites and differences and to get more information on the histogenesis
among the small round cell tumors, we examined histological, immunohistochemical and ultra-
structural features of ten cases of neuroblastomas, twenty Ewing's tumors, ten embryonal
rhabdomyosarcomas and twelve small cell carcinomas in children and young adulis. Antibodies
against desmin, vimentin, cytokeratin, neuron-specific enolase, synaptophysin, neurofilament,
S5-100 protein, chromogranin and HBA 71 were used in biotin sireptavidin procedures.

The results of the immunochistochemical and electron microscopical examinations yielded
virtually identical findings in each group as followings.

1) Among the twenty cases of Ewing's tumors, eighteen cases were positive in staining for
HBA-71. The staining for HBA-Tl was negative in neuroblastoma, embryonal rhabdomyo-
sarcoma and small cell carcinoma.

2) Neuroblastomas had marked interdigitating cytoplasmic processes containing many microtu-
bules and dense-core secretory granules, however, they were sparse and rare in Ewing’s tumor.

3) Embryonal rhabdomyosarcoma showed actin-myosin bundles. According 1o differentiation,
well differentiated rhabdomyosarcoma exhibited Z-band materials and external lamina.

4} Meuroblastoma showed ultrastructural evidence of a neuronal differentiation, but neuronal
differentration is sparse and rare in Ewing’s tumor. This ultrastructural feature strengthens the
hypothesis that Ewing's tumor is denved not only from an undifferentiated newroectodermal stem
cell but from primitive cell of neurcectodermal origin, (Korean J Pathol 1997; 31: 12000 —1213)
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HE 3 2y

LA =7

At =ddidta S fieh elsr University
of Texas M.D., Anderson Cancer Centerell & 432
o5 AAEH F4FE Q0d)s} AHRAEZE (10
ofl), ol HPEFRHET (100) 2Elm £HE o
(12¢i))& djdo® spgony 2} Fof ==8 10% F

Axewygl o33 shebgl Eold,  Hematoxylin-
Eosin (H-E)5] 4 stell 4] g7 Foked ks o
Foll ] zAotd AAEs wezgu8q e

? HAHv|FHo 2 3 EMGG
2, HHHH (Table 1)

stebal Eolzze] AAE 4 umz vhRslhol
ghabebglah faabdE A3 F 3% H.0x- metha-
nol@fe s 57k 25 Jgld a3t
=g =227 3 phosphate-buffered saline (PBS)el|
e S B B TR B e 1 i R R
Fl&ke] normal goat serumi} 5474 w24l #H ol Table
el =55 g allE 3083 454130 & PBS
ofl 4 =gk F ub ]9l 3-amino-9-ethylcarbazole

(AEC)& o] 2afe] #1n)7] 7 dslol] ubfA]2] Z he-
mﬂtmr.}']m o iz skt crystal mount® H s}
RHgstal o

Table 1. Primary antibodies wsed in this study
Antibody Clone Dilution Source
DES Dss MoAb [ 1000 Dako Corp
VIM V9 MoAb [ :60 Dako Corp
CK “cocktail” of 3 MoAbs: | =400 Boehringer-Mannheim
AEIJAE3 CAM 5.2
MSE PoAb({rabbit) 110000 Dako Comp
SYN 5Y 38 MoAb 1:500 Sigma(St.Louis Mo)
NF 2F11 MoAb 1: 1000 Dako Corp
5-100 PoAbirabbit) 112040 Dako Corp
CHROM LKZHID 1: 20040 Boehringer-Mannheim
HBA7I pagyaa™res 1:200 Signet laboratories

(Dedham MA LS A)

DES: Desmin, VIM: Vimentin, CK: Cytokeratin, NSE: Neuron specific enolase, SYN: Synaptophysin, NF: Neuro-

filament, 5-100: 5-100 protein, CHROM: Chromogranin
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Tahle 2. Immunohistochemical comparison of small round cell tumors

SYMN

DES VIM CK MSE MNF S-100 CHROM HBA71 LCA
Meuroblastomai 10) 0 3 0 7 10 1] 1 0 0 0
Rhabdomyosarcomai 10) 10 7 ! T 0 0 0 1] 1] ]
Ewing's tumor(20) 0 15 2 11 ] 0 0 0 18 0
Small eell carcinomall2) 1] 0 12 i1 3 0 0 3 0 )]

LCA: Leukocyte common antigen
{ ) iotal case number
Arabic numerals: case number of positive reaction
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okal wbale]z] o HEE 24, 2 a9
AFollA] o8t oz gl FLF FRAo
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4. HRIEHOIHY HE

FolzAg AL 1| mm'e] 272 A 25%
glutaraldehyde 8§ (0.1M Cacodylate buffer, pH 7.4,
s'C)e g 24) 7 A=A eLT cacodylate buffer 4|2
3 5], 1% 0s0:890(0.1M Cacodylate buffer, pH 7.4)
o]l 247 nAem, 2 cacodylate bufferz
H2] zlod Al olelelEE 2§t & propylene ox-
ides &S .42 ek Millonighh 'oll 2] %k epon mix-
res Eojjsie] 60°Cell4 724)3F FEAZchk LKB
microtome ©. 2 ZulA#H-E uk5of Reynulds‘}jdﬂﬂ
24t uranyl acetates} lead citrate® o] E %] 45 +
o] JEM CXI3l #zA#n|d ez s&HAe 60 kV
of| 4 Tkl o).

2 o}

1. ZFEE0|EE 44

AR LMNEE (Fig. lape Moo FbdlEge] &
3 Fd3te], 44 (hyperchromatic) =+
2l s A 22 (densely speckled) #E A3 9]
gtk fpaied e wlwabz] gk rosete™ ¥ A
&4 (fibrillary) £ F24 (bubbly)2] #EZ 3
A (matrixyiEde] B3k Bl Q55 roseted]
A 2wt 459 g4 Hole] AU

A &E (Fig. 2ay v|94 AaddE Hol

HA Felalwn, HE AEAE 7P &49% HE
2 Yoo, =54 A2 Homer-Wright roseties2)
#lge ol shaE gk

wob4 FETKF (Fig 3ad AdtHem £
HYHESE Jelgew, 2o Fo<k =
= AEZEHE7 "ol 57 sl

AME HF (Fig. da)r 5+ ¥ 54 5
25 FAAE A7) HAEAME AR Y o
HaE MEES £ (nesis) W oz s
nf, Fok HEL] 4 FFo HAR F3AE (stro-
mal reaction)e] ¥.9lc}.

2. WY EEEEE LA

Al A g A E£Z 10¢l o]l 4] synaptophysin (Fig. 1b)
of kS By, Fo&FF (Fig. 2b)ell 4 204
% 18clloll4] HBA-TIel ekAulS& Hulog, of
£ AT TekalAe S4REE Bk
Wobd RETSE 10a] (Fig I)olAl desminel] o}
A AN E oFE 120 el 4] keratine]] (Fig. 4b) of4
& Hen

3. MXEE0|2AE £(Table 3)

MNARHEZE S4E77F 33, o] =
7|l 4= vl (microtubules) = 4173444 (new-
ral filamens)7} 335 gleh. =4 AT FA A
(dense core gramule)o] F& E2hA3lA b 4
AE71et fAsA Al AMEEICA Eedd
e ol g FERHeo|m ulAHF PHH g @
A& "y Reed, 230 & A+ 4
E717b =gl (Fig. 5).

FAdHFFE AEgel WA HHE
miabgbgl AlEH el AARAMEFoMe} T

A7F Rex, 92 R UY Fe sat U
(Fig. 6bjel| iz, el 4] Eat 3 of4E 29
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Fig. 1. A: Meurohlastoma is composcd of compact nests ol unilorm cells with hy perclromatic
nuclei in the librillary matriz but no nucleoli. B: Neuroblasioma cells are positive for symaplo-
physin in the cyiopasm.

Fig. 2. A: Bwing’s tumwr shows small round cells with clear and scanty cytoplasm distribuied
in a ciffuse growih pallem. B: Ewing’s lumuor cells are positive for HBA-T1 in the ovioplasm.

- (Fig. 6c). WY elycogens] SNl A WElE |, R # AR Fhand B4 W #E 1 oxter-

el =EZA A7 A7 F L4 EY9 nal laminaye] A E Yol (Fig 7).

of =7l AgulEm spafe] IRk wlc) (Fg &), axAflAE SR WL AR wlRals A A )
ulfebd SRR actin myosin ChEe| Wg o HHN LS Hojar glolon} o Rae] 2iplsl 2]y
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Fig. 3. A: Embryonal rhabdomyosarcoma shows small round cells admixed with spindle cells in
myanid stroma, B Fmbrvonal habdomyosarcoma cells are positive for desmin in the cvioplasm.

Fig. 4. A; Small ccll carcinoma shows nests and sheets of anitorm amall ovord cells with round
nuclei and scanty cytoplasm. T: Small cell carcinoma oclls arc positive for keratin in the cvluplasm,

2] o9l AMEse FASR, AEDE wla Q7€) wgh, Bokd¥-sn) A dapelal: )
H AL -ﬂﬂ,%a-%l_?r %l.r_ﬂ.nl HFE S Holz g Ade] 3295]eiv} (Fig 8)
k@, HE FERE A HAR 4AE At



Tahle 3. Characteristic ultrasiructural features of small round cell tumors
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Ewing’s tumor Neuroblastoma Rhabdomyosarcoma Small cell
- - carcinoma
Primit. Diff. Primit. Diff,
Glycogen usual absent ahsent occasional occasional occasional
Dense core occasional rare frequent ot not present
granule
Microtubule occasional disorganized organized ned not rare
Cell attachments present frequent frequent readily INCONSPICUOUS present
inot desmosomes) detectable
Basal lamina never rn‘ésem never present present gencrally present present
absent
Collagenous pecasional sepiae present diffuse inconspicuous present
strorma around cell
clusters
Muclear chromatin FNC FMNC FMC FNC FMNC hyper
pattern chromatin
Primit. : Primitive, Diff. : Differentiated, FNC : Fine nuclear chromatin
%] ,L.I__:J 1 - 13
& WoollelHE AQRATENNE BHAe] YA

A8 E Foke AYRAE 7| AHEME
E 94 #FAZ 7199 AELHF A AEr) 7R
o] AME obE = A=A HEr 8 HE
Fa}, ofFzha] Z=Aubgel wfiA mghe] A
W13 gl FediFe] 285 2o

el MEFHESH o] g2 a4 o
A 11, 220 A A ] (reciprocal translocation) 7k
MbA o4 hwd#ckal zEubaof] cfafA]
- #] Eew s glelch oleig sl HaEe f9
HFolgle AHPEHNEF, HEIHT JdE2F 2
glal A4 E ghfoll A ubA S A gkt

#Bersv| g4 AQARMAELS chebsha #Hag
FaAel 4G4 A L5 s A
og Aw Fdd 98 qER FAsA, L3}
7 HpE AARME A5 el AFH A
¥ w= A#A% (newron)E T2 MErp 2

v], Homer-Wright rosettes® s}’ ™"
felGFES FEEY wlaA] A, FIUE
o B -ﬁ‘:‘o"*““i. = Al §4Ed

o w23 5% (3-20/10HPFje|, =2] =f4
A opge wlmd A FEE dehin], ¥4
Hle wAeA] ska, waldae] F-eA T
o], afell whelbd = =E A rosewe 3 Age] H

A ZhEe] Fhalgla, EEel 4 Hes AFH A
EF EHS AE Helew, 58 fdsFold vibl
A Azleka-d Wol vlazgt A5 Wl

ot YETRES VYAEZ FAA 47
b M Ee] Fokeldl, HEES Ao, el =
= 8 Mg Zeoew, SFalelA] g2 WadE
AUz gk FAME FYUSE Fo4 wE
vjgkAd o] mhd A RS Kolw glaisia =
(appose)®! P AHAEE FAH = o, FA4T

AT Zrbdcka oelA gem ol B odel
Ax vk Adg St

Dehner™' e A ELoke] vied =2 3l oA
F A7 RAEZFA A 2AES} Y g
Z (fibrillary network):= Al FE ] xpel NSES}
Neurofilament —L2] 31 5-100 proteined] k4 wb3-5
Halvhalgl =, ¥ ol o4 NSEel|l= 44 & B
iic'l-]-, Neurofilamentt} S-100 proteinol] 3= &4 Hl

2 weld v Haod 43 ZAAR gel

ﬂl-ﬂ--‘ﬂ synaptophysinel] djshe] 7 A 5 Fell 4
oggNe s HeT, $UAREe AR
ok4l, melal AME ghEg A2 9E (neuro-
endocrine carcinoma)ell 4 & cytokeratin®} A of
Aub 334 Mol

Syrmpmrplumn” e 4 A1AME (bovine neuron)2]
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Fig. 5. Electron micrographs of neuroblastoma have cytoplasmic neuritic processes{asterisks) containing many mic-
rolubulesiarrows) and dense core secretory granules{arrow heads). The nuclei are relatively irregular to oval,
having relatively fine chromatin(A: x 2,000 B: x 4,000,
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Fig. 6. Electron micrographs of Ewing’s wmor are composed of small, round or polygonal cells, Clear areas
(asterisks) of the cytoplasm correspond to glycogen pools. The nuclei are round to oval, having relatively fine
chromatin. Note the dense core neurosecretory granules(arrows) in the cytoplasmic process. ( a, b, ¢ x 2,000,

d: x 4,000),
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Fig. 6. Continued.
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Fig. 7. Electron micrographs of embryonal rhabdomyosarcoma show relatively clongated or oval nuclei with fine
chromatin. In the cytoplasm, actin-myosin bundles and Z bands{arrows) are noted{ x 4,000),

Fig. 8. Electron micrograph of small cell carcinoma shows basal laminalamow heads) between neoplastic nests and stroma
and intercellular junctions(arrows). The nucler are relatively irregular to oval having relatively dense chromatin

(x 2,000).
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A oAYAY X (presynaptic vesicle)sl]A] 2| %
957Q) o bl (membrane glycoproteinolch. Sy-
naptophysin- 4173 (neural type)s] A7 Ly

Fael RE AFARAEF, AHALAZHEE (gan-

glioneuroblastomas), 4173 415
) 4| E£F (pheochromoeytomas) “12] 51 K-A174 %
F (paraganglioma)ol] 4] A17] A4 ghefz} o of
Aubg & He|o|, gt 458 (epithelial type)2]
AAH L FF A HEY FFel 4 cytokera-
tindh el obdubES el shsick AdE 54
A A5y Tglat Py dufAFel chromogranin
2 AAY, AZWE HE Jan a5 Fo
ol 4 §HEgickn ghela] 9leud,  synaptophysino]
chromogranin Ko} 39 §l el oF4dubg-5 Helc) &
i Lo

Desminy® % (myogenous) K5-3#2] Fa)apz
Mo o|u, izl oksl BEFEF=] 2
s HalA s AhA g Euty vl ==k E
A ateleh B2 ooflell A s wllobd HETHE 1000 A
Heoll 4] ekAdub-2-2- Hgico)

X e[at Y gi4Ha|2] peeudo-autosomal regiont]
MIC® geneoll 2|afl4] gh&sbsl il whoku] (sur-
face glycoprotein)?l HBA-T1 s 3 aba) = Al £45L
Z Fglel fedmv] o)y E (ependymal cell) T
gl HEul Al Ell g okAuEEE Holn], fali
F2] 98%ell 4 zhslAl kvl EE Beld 3ge
L, AFEHEZFeG o FEdd e v s s
Holz gkevha @@z gleh ™ B oo ey
© el &EF 200 F 18cdlell A oFAIuEEE Welo
o, obE AHHAE Fakoll4 AU S Hof
HBA-T12 #5329 Fche] 7kal Fag uio
=25 EAAE Azhgcl olgpe w4
b2 2 & HBA-7T1e] MIC2 §# Al 2a] <}
T obs) M EE ke p3032MTE Qe =),
MICZ#3 Zk= ((11:22) M A 2] Fafjof e} < x|
sto] WEE ] ool Wz o R HBA-
T1o] oFMIEE AHAMHoz «11:22)2] EAE
Al Al Feb™ A 11, 222 4AHE #9)= Ewing's
wmor2} UG T de] glen) 4wy EZ
HEIEE, P2F 9 L4 EQFoll4i= uix
A ok7] widiol]™® HBA-712] uled $57F Ewing's
tumor2] Fghell FelXEse} Qe d FA U=
Aoz ofHFch

Cywokeratin® F 2 AME gbfo4 ckiduls
& Mol EAAe|c}” & el e F2 44
E bF aext 3 989 fUdSKFolA kgt

L=

{ganglioneuromas),

+& Heid aed £ME gFellA = HBA-TI
off] AN S Heo FEE

AP AE FFE HAEo]HE Fgle] wi$
FTaghdl, HEEAELE 53] AlAel vlaTte] B
HEY, bR E =Fv, 5% H4E77 4
TgEgha, mubakEl g EHFE 92 39
58 AFAZAEE, el fodKFFdlA w2
e},

71 % § (Basal lamina) 417 24| L Eoll 4 417
RAEx AFAAERE REsbd s A]ur 5]
ZA =AM e A vepdA ghedd AR
HAEZo A2 SHAF shhes A% FA3g9d,
ol 2 Heleh 277 dA @AF B Eo
Al Hej¥tHos wig wl2¥® ¢ ok A7)
dgle] Yk o2 HodBol| $Xsla ol s] ubg
e AREAS B AEEs)elA s g

A FEE AARNEEYSE o ESe
dEler FoFh Ealghch FekMlE ] oleigh %2
= AEFe e T (s ghele] b
Adee] A7 EE N Kew, o] Sl A
A (neural tubules) IEi= Al gabe] EAl=
NP EMEFTe] Fekel] 2 Heo] Flo}, ofjojz 4
EAJ=A glycogend 5 7 glen), dubriew
W2 %9 plycogeny A RAEEF Ho o4
Foll4 the] TEY F i B oy B
2t FES SebEYL A2 g, v]d-do)
A dabslgdch 22} glycogene] 53 4R
M EFE Aol 4 glold

Tl FFeld MESe] 3] s uhRlE o],
e Y13 aela JHEe] Hdl s Hel, =5
A BEArEE g s Holo, # it FealF]
Lok, XA HAE £ 5 oglad, 538 =
i odlell 4 Aelz Ay A5 a2ztElE A ES W
off Mlapel v, el A Ruelgle] B3
b ™ 2 adolla] = olitite] felGEe4] glyco-
geno| ol SRy on] 2 olells] ME F )|l
A A G Fegle] |G

Hid 552 HASe|HAH A4 &F7)sl
Wl el F7H 2 (15 nm) @2 (6 nm) g,
- AdaE webA] ribosomess] L Eof wld
(indian file), ribosome-myosin 2443 —12]50 Z band -
Subel A whd sl 78 (sarcomere)o] @] o
wad dWxel FAtell JhAlgle]l b A e
Aok, XA 4G9 A% dejels, 1A S,
= I B (endoplasmic reticulum), glyco-
gen 2|3 HE Foy AESe| viepyhel §14)3



2 HES5FolA Uit o g actin-myesin ol
Z-band 5% els 2]F ¥ (external lamina)?} 2
Pk 2] ¢kont, 7 onm Z22l3 10 nme] 4] E
Alsbel FEalrh S s ot ey A7 R4
EE, O HEF, el fdS5FTelAE f3E A
ot et B QFelAe ulnd B ol
F2 8 SFF5d 4= actin-myosin thibo] #1EZ WY
ol 4] gHslal et 215 b2 bas] A gheko)
adp 37 HF T aFolds actin-myosin
chul, Z- band FH A 25 ghe] fhEbE]glc)

Al gl FokMdlEEe] S 7lHo
of 2lslj4 #HEdu], 42 FEEE s 4%
2 A gl (intercellular junctions)e] 2] s 4] o A 5]
uh, AEEZG MdEAY vl a2 gk s gk
e eteA elEd T B oedelAdE F5%
2 548 XD AHYst A Fe]l AAEI Fok A
E Aolol] s o)

AflEAE Fo4T =He 710 s A
EotFeol} ST HFS HFEAE o HET =
Ao W FH7 =A gten), 59 F5Fe
el i ebH 5 i=xbe] o} 5 el B oadStell 4] 2
S KES HBATIO 719 chyi ob4delv] 20
of| & 8ol 7} synaptophysinebAl 8- W ol & afd o)
Zlak = B 413 539l Homer-Wright roscttes &
A, A g, e, A A7 =7 &
sl A H LI} Schwann M EESF= Kol
2 pkekel

Cavazzanas = ES cellslakell 4] cyelic AMP T
v TPA 222 lal A4 &Ess fask 4+ o
s aslel ol Rewig®ys cre] Al@el| 4] HBA-TI
AE ISl s AE =l Vepb R ggeten,
djeksl  ES cellell 4] HBA-71 /NCAM fTIIy-lﬂ] ]
4 A4 (newral), 3H5] (mesenchymal) == ol 3 =32
AAE weslA gkes s el
H el BE =l AP el HR 4l
#hel Erlel MESo] dlsle] HBA-TI, NCAM
a3 Thy-l1ol]l i3t v ==]epst3 943 &
2 gkska, PR A A FodSFe] Esl
HEk ARG Hels 20E File f9 5
Fo| H% AFE=|elsd A2l H"HA (anaplasiic)
2] THAIE (stem cell) Fokeleln Fabuhale.

Wooflofl 42 417 R3pE] LHe] EAs|o] g
AdE Sl Fe g4 Ade|elgd Fok
(PNET)# 1 & 7roltbel shzlon), 4EN%
el Trojsliz HBA-TI] w3l Heldl okl
T E=HI el i wE =ghel ol A= WA

A # 3] A EFge] 1 5l 1211

SaL gloh

Kissel 3" & {4 2ANELFL 4175 (neural cresi)
71f1el RIAI A Eel M gl G2bs g n, o
sl = 2F (stem)#] EQ sympathogon2 2 7HA 7
o} AE2 Pisla, TEFAN 4 w= v=Z AR
A AAAEe] AdE o Eigidn Rmalg
vb. 2 oolefld 4174 FEA| A9l synaptophysinel] 4l
ARAETe] FAutGela, APHALHE Ko
W AR SHY A &, oA, AR
vl #5592 EAd= 8] A4AE S 3l

E &

£908) AL Gkl AAVALE, ol Y
FF, FERFE aela £ME FE ddas
HzpwolHdH A3 v =2a14H o 45 o
Aato] Al £NHHAE FUEE A G
al, 7 Forel WezHNNA Fae] Hol 4}
Eoldat=2] zeolH, a=le FUdFF9 =57
Ha scd 53HE o] £ A4S A8
of gt e Mad el

1 =2 8%5 Yol [odJF2 200
= |Bofjof] 4] HBA-TIof| 4dE Hgen), o
2 HETYel M FEEE Maidh H3 =4
2 gynaptophysinel], #1552 desminol], == 4]
E gHE2 keratinel] k4] whS-8 wglch A1
Fu) Z1812l 4 HE2 keratin®h synaptophy-
sinoll 44 wHS & wglet.

2) AAEo] 7 Aol AR ETE F4
B0, W&, AARN Aol 54 £7% W
dlov, Fd&F5FT AEZAW glycogenthd ok
shup R kAl ghdbEdo EAaE] wln|
ARy PRl m)Agbe] Roglch

3) el HFEFE actinemyosin vhide] W
glovi, Bi7} 2945 Zbnd A7 2% ol
Hels, 4dFE ghfodld FgAES 71 A4
olod] 7|z Ext vigdsiaAl 3 FEEE 48 HE
I e HEgv

4) S SEN APEAESA dg 2479

o AARATES B ) el 2 )

A A adelld A7 EEE #HAY 5 e
AR el 7102 AAHEANY, FdHFFZ &
=A AN Ew el ek EAe A 2
of Z1512] FHAE (stem celliell 4] 7| (g Flow
A 5 5l o).



10,

11.

12.

13,

1212 &b e =) - A4 31 9 A 11 & 1997

. Triche TI, Askin FB. Meuroblastoma and the diffe-

rential diagnosis of small-, round-, blue-cell tu-
mors., Hum Pathol 1983 14: 569-05,

. Dehner LP. Primitive neurcectodermal tumor and

Ewing's sarcoma. Am ] Surg Pathol 1993; 17: |-
13.

. Millonig GA. Electron microscopy proc. 5th ed, A-

cademic press. New York, 1962; 2: 8-9.

. Reymolds ES. The use of lead citrate at high pH as an

electron opaque stain in clectron microscopy. J Cell
Biol 1963; 17: 208-16.

. Turc-Carel C, Aurias A, Mugneret F, Chromoso-

mes in Ewing’s sarcoma 1. An ecvaluation of 85
cases and remarkable consistency of +(11,22)
(924:912). Cancer Genet Cytogenet 1988; 32: 229-
8.

Whang-peng I, Triche TJ, Kuntsen T. Chromosome
translocation in  peripheral neuroepithelioma. N
Engl J Med 1984; 311: 584-85,

. Taxy JB. Electron microscopy in the diagnosis of

neuroblastoma. Arch Pathol Lab Med 1980; 103:
A55-67,

. Romansky 5G, Crocker DW, Shaw KNF. Ultrasi-

ructural studies on neuroblastoma - evaluation of
cytodifferentiation and correlation of morphology
and biochemical and survival data. Cancer 1978;

42; 2392-402,

. Adam A, Hochholzer L. Ganglioneuroblasioma of

the posterior mediastinum : a ehinicopathologic re-
view of B0 cases, Cancer 19817 47: 373-86.

Bove KE, McAdams Al. Composite ganglioneuro-
blastoma: An assessment of the significance of
histological maturation in neuroblastoma diagnosed
beyond infancy. Arch Pathol Lab Med 1981; 103:
325-35.

Llombart-Bosch A, Blache R, Peydro-olaya A. Ul-
trastructural study of 28 cases of Ewing’s sarcoma:
Typical and atypical forms. Cancer 1978; 41: 1362-73,
Hasegawa T, Hirose T, Kudo E, Hizaga K, Yama-
waki 5, Ishii 5. Atypical primitive neurcecio-
dermal tmors. Acta Pathol Japonica 1991; 41:
444-54.

Schmidt D, Herrmann C, Jurgens H, Harms . Ma-
lignant peripheral neurcectodermal tumor and its
necessary distinction from Ewing’s sarcoma, A re-
port from the Kiel pediatric tumor registry, Cancer
1991; 68: 2251-9,

14,

15.

16

17.

18.

20.

21.

22,

23.

24,

Mieitinen M,Rapola J. Immunohstochemical spec-
trum of rhabdomyosarcoma and rhabdomyosarco-
ma-like tumors | Expression of cytokeratin and 68-
KD neurofilament protein, Am J Surg Pathol 1989,
13: 120-32.

Kodet B, Newton W Ir, Hamoudi AB, Asmar L.
Rhabdomyosarcomas with intermediate-filament inclu-
sions and features of rhabdoid umeors @ Light mi-
croscopic and immunohisiochemical stody. Am J
Surg Pathol 1991; 15: 257-67.

Dehner LP. Peripheral and central primitive neuro-
ectodermal tumors. Arch Pathol Lab Med 1986
110: 997-1005,

Wiedenmann B, Franke WW. ldenufication and
lecalization of synaptophysin, and integral mem-
brane glycoprotein of Mr 38,000 characteristic of
presynaptic vesicles. Cell 1985, 45: 1017-28.
Ladanyl M, Heinemann 5, Huvos AG, Rao PH,
Chen ), Jhanwar SC. MNewral differentiation in
small round cell tumors of the bone and sofi tissue
with the translocation t{11;22)-{g24:q12). An immuno-
histochemical study of 11 cases. Hum Pathol 1990;
21: 1245-51. '

. Pinto A, Grant LH, Hayves FA, Schell M1, Parham

DM, Immunohistochemical expression of newron-
specific enolase and Leu 7 in Ewing's sarcoma of
bone. Cancer 1989; 64: 1266-73,

Gould VE, Lee I, Wiedenmann B, Moll R, Chejfec
G, Franke WW._ Synaptophysin: a novel marker for
neurons, certain newro-endocrine cells, and their
neoplasms. Hum Pathol 1986; 17; 979-83.
Ambros IM, Ambros PFE, Strehl 5, Kovar H,
Gadner H, Salzer-Kuntschik M. MIC2 iz a specific
marker for Ewing’s sarcoma and peripheral primi-
tive neurocctodermal tumors, Evidence Tor a com-
mon histogenesis of Ewing’s sarcoma from MIC2
expression and specific chromosomal aberration.
Cancer 1991; 67; 1886-93

Fellinger EJ, Garin-CHesa P. Glasser DB, Huvos
AG, Rettig W], Comparison of cell surface anfigen
HBA-T1 [|:|Z"l-!l'l',fi‘-E'l'm':"f!]n1 neuron-specific enolase, and
vimentin in the immunohistochemical analysis of
Ewing's sarcoma of bone. Am J Surg Pathol 1992,
16: 746-55.

Hamilton G, Mallinger R, Havel M. Ewing’s sarco-
ma-associated HBA-T1 tumor antigen represents a
new differentiation marker of human thymocytes,
J Cancer Res Clin Oncol 1969 107-49,
Fellinger EJ, Garin-Chesa P, Triche TJ, Huvos AG,
Remig W1

Immunochistochemical  analysis  of



25.

26.

27.

Ewing's sarcoma cell surface antigen |:|3{:|'|f33m“.
Am J Pathol 1991; 139; 317-25.

Mahoney JP, Alexander Rw. Ewing’s sarcoma A
light-and eleciron-microscopic study of 21 cases.
Am J Surg Pathol 1978; 2: 283.98,

Gould VE, Dardi LE, Memoli VA, Johannessen
IV . Neuroendocrine carcinomas of the skin @ Ultra-
structural and immunohistochemical analysis. Uli-
rastruct Pathol 1980; 1: 499-509,

Sidhu GS, Feiner H, Flotte TJ, Mullins J[), Schae-
fler K, Schultenover 5). Merkel cell neoplasms :
Histology, electron microscopy, biclogy and histo-
genesis, Am ] Dermatopathol 1980; 2: 101-19.

30,

AME 2 39 1 M EEck] a3 1213

. Silva E, Mackay B. Neuroendocrine (Merkel cell)

carcinoma of the skin : An ultrastructural study of
nine cases. Ultrastruct Pathol 1981; 2: 1-9.

. Cavazzana AQ, Minfo WV, Roberts J, Triche TJ.

Peripheral neuroepithelioma : a light microscopic,
immunocytochemical, and ultrastructural stody. Mod
Pathol 1992; 5: T1-8,

Hettig Wi, Garin-Chesa P, Huves AG. Ewing's
sarcoma @ new approaches to histogenesis and mo-

lecular plasticity. Lab Invest 1992; 66: 133-7.

. Kissel P, Andre JM, Jacquier A. The Neurocrisio-

pathies, New York, Masson Publishing, USA, 1981;
43-62.




