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Abstract The class IlIB-tubulin isotype is widely used epitope expression exclusively in neuronal tissues. The
as a neuronal marker in normal and neoplastic tissuastibody could thus be a useful tool for the probing of
This isotype was, however, also immunodetected in celass Il B-tubulin functions in neurons as well as for
tain tumours of non-neuronal origin such as squamdasmunohistochemical characterisation of tumours of
cell carcinoma. Using a newly described monoclonaéuronal origir
antibody we compared the distribution of clasg3Hdu-
bulin in normal and neoplastic tissues. The TU-20
mouse monoclonal antibody was prepared againsintroduction
conserved synthetic peptide from the C-terminus of the
human class IlIB-tubulin isotype, and its specificity A major building component of microtubules is the 100-
was confirmed by immunoblotting, by competitive erkDa protein, tubulin, which consists of two 50-kDa sub-
zyme-linked immunosorbent assay and by immunofluonits designatedi and 3. Both tubulin subunits are en-
rescence microscopy on cultured cells. In different cethded by a family of genes that produce polypeptides
lines of various origins the antibody reacted only wittiiffering primarily in the C-terminal variable domain
neuroblastoma Neuro-2a cells and with embryonal cgomprised of 15 amino acids. In vertebrates, s@san
cinoma P19 cells stimulated to neuronal differentiatidsulin isotype classes were identified on the basis of high-
by retinoic acid. Immunohistochemistry on formalddy conserved variable domains and characteristic cell
hyde-fixed paraffin-embedded normal human tissues tgpe distribution (Sullivan 1988). It is still an unresolved
vealed the presence of the classpHiubulin isotype in issue whether alB-tubulin isotype classes are function-
cell bodies and processes of neuronal cells in the p#ly equivalent or whether some are unique in specifying
ripheral and central nervous systems. In other tissug® functional properties of microtubules in particular
this B-tubulin isotype was not immunodetected. Classsues (Luduefia 1993). The neuron-associated class Il
Il B-tubulin was found in all cases of ganglioneurg@-tubulin isotype is most abundant in cells of neuronal
blastoma, ganglioneuroma, medulloblastoma, neumrigin (Burgoyne et al. 1988) but was also immunode-
blastoma, sympathoblastoma and in one case of tera¢eted in Sertoli cells of the testis (Lewis and Cowan
ma. In contrast, no reactivity was detected in tumour988) and transiently in non-neuronal embryonic tissues
of non-neuronal origin, including 32 cases of squamo(ise et al. 1990b). Using the monoclonal antibody TuJ1
cell carcinoma. The results indicate a specific TU-Z0ee et al. 1990b), which is widely used as a marker of
class IlIp-tubulin, it was shown that this isotype was one
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In this study we have used a newly prepared monodotmtography (Weingarten etal. 1975). Protein concentration was

nal antibody, raised against an eight-amino acid peptfiféermined by the method of Lowry et al. (1951) using bovine se-
o .. T rum albumin (BSA; Serva Feinbiochemica, Heidelberg, Germany)
from the C-terminal end of human classptubulin, in as standard. Tubulin samples were reduced and carboxymethylated

order to evalua_te the immunohistoche_mical distri_butiQOrestfield etal. 1963), dialysed against 0.06 M TRIS-phosphate
of this isotype in normal and neoplastic human tissueample buffer containing 0.8 M sucrose and stored in liquid nitro-

including squamous cell carcinomas. gen.

Antibodies

Materials and methods Peptide (C)441-448 was covalently coupled to maleimide-activat-

ed keyhole limpet hemocyanin (KLH) or BSA (Imject Activated
Cells Immunogen Conjugation kit; Pierce, Rockford, USA) at a ratio of
. . ) , . 2mg peptide/2 mg activated carrier protein according to the man-
Human epidermoid carcinoma line A431, human lung carcinomscturer's directions. A Balb/c mouse was immunised sub-
line LEP 19, human cervical adenocarcinoma (HelLa cells), MOWsRanously (s.c.) with 100 pg of KLH with coupled peptide in Fre-
neuroblastoma Neuro-2a, mouse embryonic 3T3 fibroblasigq's complete adjuvant. Booster injections of 100 pg of antigen
mouse embryonal carcinoma P19, rat leukaemic basophilic grapirreund’s incomplete ajduvant were given s.c. at 3-week inter-
locyte RBL-1 and rat kangaroo kidney Btiere from the bank of ya1s. Sera were monitored for antibody activity by enzyme-linked
cell lines of the Institute of Molecular Genetics, Praque. HUMa3munosorbent assay (ELISA) on BSA with coupled peptide. The
squamous cell carcinoma lines UM SCC 1, UM SCC 2 and Usion with mouse myeloma Sp2/0 cells, screening by ELISA,
SCC 22B were kindly provided by T.E. Carey (University ofjoning and production of ascitic fluids have been described previ-
Michigan, Ann Arbor, USA). Cells were grown on coverslips &usly (Viklicky et al. 1982; Draber et al. 1988).
37° C in air with 5% CGQin Eagle’s minimal essential medium  nonoclonal antibodies TU-12 (Draber et al. 1991) and TU-14
supplemented with 10% (v/v) heat-inactivated fetal calf serumraper et al. 1989) againgitubulin were described previously. It
(Biocom, Opava, Czech Republic). P19 cells were stimulated\{@s shown earlier that in brain the antibody TU-14 reacted¥ith
neuronal differentiation by incubation for 5 days with 1 UM aljpylin classes |, II, IV, but not with the neuron-specific class Il
transretinoic acid (Sigma-Aldrich, Prague, Czech Republic).  (Linhartova et al. 1992). A new mouse monoclonal antibody, TU-
18 (IgM), againstaB-tubulin dimers was selected from hybrid-
) omas producing antibodies against cytoskeletal proteins extracted
Tissue samples from human gingival epithelium. In double-label fluorescence, mi-
. . . . crotubular structures were detected with an affinity-purified poly-
Human tissues were obtained as surgical specimens. All Sp@final antibody against theB-tubulin dimer (Draber et al. 1991).
mens were biopsies, except autopsy samples of spinal cord (b@y§oescein isothiocyanate (FITC)-conjugated anti-mouse Ig anti-
years, bronchopneumonia), peripheral nerve (male 77 years, bigdly as well as horseradish peroxidase-conjugated anti-mouse Ig
chopneumonia), cerebellar cortex (boy 9 years, leukaemia) and£@ihody were from Sevac (Prague, Czech Republic) or from Dako
rebral cortex (boy 2 years, congenital heart disease). Post-morteffostrup, Denmark);  tetramethylrhodamine  isothiocyanate
time for all autopsy specimens was 5 h. Samples were either SHBRITC)-conjugated anti-rabbit Ig antibody was from Sanbio
frozen in a mixture of propane-butane, precooled in liquid nitrygen The Netherlands) and anti-mouse Ig antibody conjugated

gen and stored at70° C, or fixed in buffered formaldehyde foryith alkaline phsophatase was purchased from Promega Biotec
24-48 h and routinely embedded in paraffin for histopathologiqahadison, USA).

classification. Samples of normal and neoplastic tissues were from
the Pathology Department of The Netherlands Cancer Institute and
from the Pathology Department of the Medical Faculty of Mag{ ISA
aryk University, Brno.
Competitive ELISA was performed as described (Grimm etal.
] ) 1987) using HPLC-pure peptides, BSA and prediluted supernatants.
Peptide synthesis Values for the maximal optical density were between 0.8 and 0.9.
Antibodies were mixed with variable concentrations of peptides or
An eight-amino acid peptide, ESESQGPK, corresponding to tBSA, and incubated for 60 min at room temperature. The remaining
human class IIB-tubulin sequence 441-448 (Sullivan and Clevemntibody-binding activity was detected in ELISA using immobili-
land 1986) was synthesised. Cysteine (C) has been added to theed- phosphocellulose-purified porcine brain tubulin. Bound anti-
terminus of the peptide in order to allow oriented coupling to cdjedies were detected with anti-mouse antibody conjugated with
rier proteins. In competitive assays, an eight-amino acid peptilerseradish peroxidase amghenylenediamine as chromogen. Op-
GEEEGEEY, corresponding to the porcinetubulin sequence tical density at 490 nm was measured with a Microelisa Mini Read-
444-451 (Ponstingl etal. 1981) and a 16-amino acid peptide,(Dynatech Laboratories, Alexandria, USA). Three measurements
EYHAATRPDYISWGTQ, corresponding to the humarubulin - were made for each test point. Standard errors of the means of trip-
sequence 434-449 (Zheng et al. 1991), were also used. The pege absorbance measurements were less than 3%.
tides were prepared by I. Blaha (Institute of Organic Chemistry
and Biochemistry, Academy of Sciences of the Czech Republic,
Prague) by the solid-phase method (Merrifield 1963) on the cl&ectrophoresis and immunoblotting
sic Merrifield’s chlormethylated carrier. Details of peptide synthe-
sis and HPLC purification were described previously (Viklicky eé8DS-polyacrylamide gel electrophoresis (SDS-PAGE) was carried
al. 1988). out according to Laemmli (1970). Separated proteins were trans-
ferred onto nitrocellulose sheets by electroblotting (Towbin et al.
1979). Details of the immunostaining procedure using secondary
Protein preparation antibody labelled with alkaline phosphatase are described else-
where (Dréber et al. 1988). Monoclonal antibodies were used as
Microtubule proteins from porcine brain were preparred by tvascitic fluids diluted 1:1000. Isoelectric points (pls) were deter-
temperature-dependent cycles of assembly and disassemblyn@ined by isoelectric focusing in a horizontal thin layer with the
cording to Shelanski et al. (1973). Tubulin depleted of microthelp of pl markers (Pharmacia LKB Biotechnology, Bromma,
bule-associated proteins was obtained by phosphocellulose clsweden).
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Immunofluorescence on cell lines Results
Fixed cytoskeletons were immunostained as described (Draber et ]

al. 1989). Briefly, cells grown on coverslips were extracted for 3pecificity of antibody TU-20
min with 0.2% Triton X-100 at 37° C and fixed for 20 min in 3%

formaldehyde at the same temperature. Alternatively, cells w ; _
fixed for 10 min in methanol at20° C followed by 6 min in ace- ¥he mouse monoclonal antibody TU-20 (IgG1, pl

tone at-20° C. Monoclonal antibodies were used as undiluted $8:4—6.6) used in this study was raised against the phylo-
pernatants or ascitic fluids diluted 1:500. For double-label immg@enetically conserved synthetic peptide from the C-ter-
nofluorescence with affinity-purified rabbit antibody against theninal end of class IIB-tubulin. To verify the specificity
ap-tubulin dimer and monoclonal antibodies, the coverslips wegg the antibody, immunoblotting was performed on re-

first incubated with monoclonal antibody and, after washing, wi . . .
polyclonal antibody (dilution 1:10). Slides were incubated theredtUc€d and S-carboxymethylated purified porcine brain

ter simultaneously with TRITC-conjugated anti-rabbit Ig antibodigbulin, which can be separated by SDS-PAGE dnta-

and FITC-conjugated anti-mouse |g antibody. bulin, major B-tubulin @,) and minor B-tubulin B,)
componentsf, has lower relative electrophoretic mobil-
Immunohistochemical staining ity than 3, as demonstrated in Fig. 1A. It is known that

, contains class lIB-tubulin (Banerjee et al. 1990). The
Cryosections were fixed in cold methanol/acetone or in formalggntibodies TU-18, TU-12 and TU-14 were used as mark-

hyde followed by Triton X-100 treatment (Lukéas et al. 1993). Par- ; ; _ i
affin sections were cut, deparaffinised and the endogenous pe?é{ﬁ of separated tubulins. Antibody TU-18 reacted with

dase was blocked as described (Van Bommel et al. 1994). Thésiubulin, 3; and 3, components; antibody TU-12 with
um-thick sections were then heated in a microwave oven in hoth 3; and 3, components; and antibody TU-14 with
mM citrate buffer, pH 6.0 for a few seconds until boiling and thethe B, component (Fig. 1B, lanes 1-3). The antibody
allowed to cool over a period of 15 min. Immunostaining with aITlé'ZO stained only th@, component (Fig. 1B, lane 4).

tibodies was performed as described (Ivanyi et al.1990). Sample . :
were incubated for 1 h with monoclonal antibody (ascitic fluid dq-n whole-cell lysate of porcine brain, TU-20 reacted only

luted 1:100), washed and then incubated with either FITC-conju-

gated anti-mouse antibody (dilution 1:100) or peroxidase-conju-

gated anti-mouse antibody (dilution 1:50). 3,3 -Diaminobenzidine

was used as the chromogen in immunoperoxidase staining and A B
Harris’s haematoxylin was used for counterstaining the nuclei. In
negative controls, the primary antibodies were omitted from the
staining procedures.

A
—u @ O
/31—. . .“/32
1 2 3

a_ |
- 1 23 45
- 2
/3« - Fig. 2A, B Specificity of antibodies determined by immunoblot-
ting. A Immunoblot of total extract of porcine brain with anti-tu-
1 2 3 4

bulin monoclonal antibodiesLane 1 amido black staining of

transferred proteind.anes 2—-SGmmunoreactivity with antibodies

TU-18, TU-12, TU-14 and TU-20, respectively; 5-15% gradient
Fig. 1A, B Reactivity of monoclonal antibodies with reduced an8DS-polyacrylamide gelBars on theleft margin indicate posi-
carboxymethylated porcine brain tubulih.Coomassie blue stain- tions, from top to bottom, of specific molecular weight markers
ing. Lanes 1-Xontain 15 pg, 20 pg and 30 pg of protein, respeft16, 97.4, 66, 45 and 29 kDd&.Immunoblot of total extract of
tively. B Immunoblot with monoclonal antibodiesanes 1-4m- neuroblastoma Neuro-2a cells with TU-20ane 1 Coomassie
munoreactivity with antibodies TU-18, TU-12, TU-14 and TU-2Mhlue staining.Lane 2 immunoreactivity with antibody TU-20;
respectively; 30 um protein per lane; 7.5% SDS-polyacrylamid@es% SDS-polyacrylamide geBars on theleft margin indicate
gel. 5, andp, denote the electrophoretic mobility of the major andositions, from top to bottom, of specific molecular weight mark-
minor (class Il1)B-tubulin components, respectivi:ty ers (205, 116, 97.4, 66 and 45 k':a)
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with a protein of electrophoretic mobility corresponding
to B-tubulin and no cross-reactivity with other proteins
was detected. In comparison with the marker antibodies
TU-12 and TU-14, the TU-20 antibody reacted with a mi-
nor band in th@-tubulin region (Fig. 2A). From the pan-
el of cell lines of different tissue origin tested, TU-20 re-
acted only with neuroblastoma Neuro-2a cells (Fig. 2B).
It did not react in immunoblotting with any proteins from
the following cell lines: 3T3, A431, Hela, LEP 19, P19,
PtK,, RBL-1, UM SCC 1, UM SCC 2 and UM SCC 22B.
The specificity of the antibody was further confirmed
by competitive ELISA. The antibody was strongly inhib-

Fig. 3 Comparison of the reactivity of TU-20 antibody with pepFig. 4A—F Specificity of TU-20 antibody determined by immuno-
tides by indirect competitive ELISAe( C-terminal peptide, ES- fluorescence. Double-label staining of mouse neuroblastoma Neu-
ESQGPK, of class IlIB-tubulin, m C-terminal peptide, GEEE- ro-2a cells A, B), human squamous cell carcinoma UM SCC 2
(C, D) and mouse embryonal P19 carcinoma cells stimulated to

GEEY, of tyrosinatedi-tubulin)

neuronal differentiation by retinoic aci€,(F) with affinity-puri-
fied polyclonal anti-tubulin antibodyA( C, E) and monoclonal
antibody TU-20 B, D, F), Bar 20 pmr
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ited by the C-terminal peptide, ESESQGPK, of class Immunolocalisation of class IB-tubulin

B-tubulin that was used for immunisation, however, thie normal human tissues

C-terminal peptide ofi-tubulin, GEEEGEEY, as well as

C-terminal peptide EEFATEGTDRKDVFFY gftubulin  On both methanol/acetone- and formaldehyde-fixed frozen

did not exert any inhibitory effect at the highest concesections, as well as on formaldehyde-fixed paraffin-embed-

tration tested (10 uM). Similarly, control BSA was withded material, the antibody reacted with a staining pattern

out effect at that concentration. A typical example eharacteristic for nerve fibres and neuronal cells. Immuno-

competitive ELISA is shown in Fig. 3. staining was stronger on formaldehyde-fixed material. On
Immunofluorescence experiments on the panel of deitmaldehyde-fixed paraffin-embedded material the anti-

lines tested showed decoration of all microtubule strdzedy intensively stained neural processes and ganglion

tures — interphase arrays, mitotic spindle, midbody in l&lls in grey matter of the spinal cord (Fig. 5A) and in

telophase — in neuroblastoma cells (Fig. 4A, B). In other

cell lines, including squamous cell carcinoma cell lines

UM SCC 1, UM SCC 2 (Fig. 4C, D) and UM SCC 22 ig- 5A—E Immunohistochemical distribution of class Bttubu-

no specific staining was detected. In a population of P(glrglin different brain regions and peripheral nerves detected by
cells stimulated to neuronal differentiation, the antibo@yaining with TU-20 antibody. Immunoperoxidase staining of mul-
TU-20 strongly stained only those cells with neurongpolar ganglion cells and neuronal processes in the ventral horn of
processes and not the undifferentiated cells (Fig. 4, 95 maétet';] in the lumbar part of ﬂ;ﬁ fP'“EU Cfllg)x(ganghqn
Microtubules were detected in preparations extrac Sugr}emoi';ligg)’cezfiizr'na e %2“&&3’;%?; ey
ith Triton X-100 and fixed with formaldehyde as we P e ey i

wit y x ) and Purkinje cells and bodies of granule cedisoWw) in

as in preparations fixed with cold methanol/acetone. the internal granular layer of cerebellug)(Bar 20 prr
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Fig. 6A-D Immunohistochemical distribution of class fHubulin  the medullar layer, axons were stained. In the molecular

in cerebellum, large intestine, medulloblastoma and ganglioneg

ma. Immunoperoxidase staining of perikarya and dendrites of ﬁger of the cerebellum, only dendrites of Purkinje cells
kinfe cells in cerebellumA(), perikarya and neuronal processes iiv re strongly decorated (Fig. 6A); parallel fibres and bas-

Auerbach’s plexus in large intestinB)( perikarya of neoplastic Ket cells remained unstained. Overall, glial elements of the
cells in medulloblastomaC) and neuronal processes and perikaryzervous system were unstained. In the large intestine, lung,
of neoplastic ganglion cells in ganglioneurora Bar 20 pr skin (inclusive of sweat glands, sebaceous glands), salivary
gland, tongue and urinary bladder no reactivity was detect-
ed, except in peripheral nerves. A faint staining of Sertoli

Ils was occasionally detected in testis. An example of

ed in nerve fibres of peripheral nerves, as demonstrated@Qihing of perikarya and neuronal processes in Auerbach's
the cross-section of nervus femoralis (Fig. 5C). No stainind. ,<'in the large intestine is shown in Fig. 68.

of surrounding myelin sheets was found. Mainly the peri-
karya of pyramidal cells were moderately strongly stained

in grey matter of the cerebral cortex (Fig. 5D). Purkinimmunolocalisation of class IB-tubulin

cells were most intensively stained in cerebellum (Fig. 5i) neoplastic tissues

Heterogeneous staining of granule cells bodies was found

in the internal granular layer (IGL), with strong positivitffhe TU-20 antibody heterogeneously stained perikarya
in the part of the IGL adjacent to white matter (Fig. 5E). ¢rfi cells in neuroblastomas, sympathoblastoma and med-

sympathetic ganglia (Fig. 5B). Strong staining was det
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BT TR T AN TESY GRS i i ivi - i
- ‘},»._.;) R '*"’f;Q 3(9)9& Table 1( Immunohistochemical reactivity of TU-20 with human
; ") (,,\@g%e;ygaﬁ, @‘d tumours
o ) TP e cae A
‘E?vﬁ)s QQQQ&%‘&g%b{% 0 0 Type Positive/number tested
S s @008 W0 P PRt gv @
& @“ 3 ‘a,:' ‘@@a e Ganglioneuroblastoma 3/3
=8 ) 3%:“ @ 7. % Ganglioneuroma 5/5
3 7 ‘% NG 5 Medulloblastoma 22
Ry o A2 Q. Neuroblastoma 3/3
% @? & B ¥l Sympathoblastoma 1/1
o P Gg% Teratoma 1/3
@\5% . Adenocarcinoma 0/10
A v S Astrocytoma 0/3
4 %& AN Basalioma 0/3
R DS WY Glioblastoma 0/3
‘ g Hodgkin's lymphoma 0/2
Leiomyosarcoma 0/3
Melanoma 0/3
Mesothelioma 0/3
Schwanoma 0/2
Squamous cell carcinoma
Total 0/32
Larynx 0/6
Lungs 0/2
Mouth floor o/7
Pharynx 0/5
Skin 0/7
Urinary bladder 0/5
Discussion

Differentiation and maturation of neuronal cell types
during normal and neoplastic development is accompa-
nied by specific expression of microtubule-associated
Fig. 7A,l3d|{7e1gtlonrggisvtv?&h$ﬁi% ?g:intiggy 01; ;ﬂ;ifrzgogfoi?ga%aembroteins and tubulins (Molenaar etal. 1989; Lee et al.
noma an - . o H
staining of sqamous cell carcinoma of the lungs doeps not show %,?)QOb)- Sev_erIB—tu_bulln 'SOt.ype cIas_ses_ are produce_d In
immunoreactivity. Nuclei counterstained with haematoxylh. humans, with different tissue distribution (Sullivan
Immunofluorescence staining of a subpopulation of cells in a tel288). Class IlIB-tubulin is one of the first cytoskeletal
toma.Bar 20 prr proteins with neuronal specificity to be expressed (Lee et
al. 1990a, b) and was detected in a wide variety of neural
tissues and tumours of neuroepithelial origin. This iso-
type was, however, also immunodetected in testis (Lu-
ulloblastomas (Fig. 6C). In some neuroblastomas, dkiefia 1993) and in some tumours of non-neuronal origin
veloping neuronal processes were also stained. In géBeott et al. 1990). Here we report on the expression of
glioneuroblastomas and ganglioneuromas staining waass 11l B-tubulin detected by a new monoclonal anti-
observed in perikarya of neuronal cells as well as iody in normal and neoplastic human tissues.
their processes. Heterogeneous immunoreactivity inThe antibody was prepared against synthetic peptide
perikarya of neoplastic ganglion cells and strong staiinem the C-terminal end of human class Bitubulin
ing of neuronal processes in ganglioneuroma is showmd its specificity was confirmed by double immunoflu-
in Fig. 6D. In the panel of squamous cell carcinomasescence with affinity-purified polyclonal antibody
tested, originating from larynx, lung, mouth floor, phamgainst thexp-tubulin heterodimer, by immunoblotting
ynx, skin and urinary bladder, the antibody did not givand by competitive ELISA. The antibody decorated all
any specific staining (Fig. 7A). Similarly, in other nonmicrotubule structures in mouse neuroblastoma Neuro-
neuronal tumours of various tissue origins tested the &a; and preincubation of the antibody with peptide used
tibody did not stain neoplastic structures. In surrounfbr immunisation precluded the labelling (not shown).
ing tissues, vascular smooth muscle cells were oct& granular non-filamentous staining, described for
sionally very faintly stained. In one case, staining watimulated pheochromocytoma PC-12 cells labelled with
also found in a teratoma. The stained subpopulationpafiyclonal anti-class IlIB-tubulin antibody (Asai and
cells probably represented primitive neural tissue (Figemolona 1989), was observed. In mouse embryonal
7B). The results of immunostaining on formaldehydearcinoma P19 cells, stimulated by retinoic acid, all
fixed paraffin-embedded material are summarised rieuronal processes were continuously stained. No stain-
Table 1. ing was found in other cell lines including Btk&nd
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squamous cell carcinomas lines UM SCC 1, UM SCChPain tubulin and its epitope is located in the peptide
and UM SCC 22B. Previously, it was reported that,Pti€overing the last 14 amino acids on the C-terminal end
cells (Stearns et al. 1988) and three different squamafi€hicken class IIB-tubulin (Lobert et al. 1995). In this
cell carcinoma lines were immunostained by antibodggion, the chicken and human classpHiubulins differ
against class lIB-tubulin (Scott et al. 1990). The resultat two amino acid residues (Luduefia 1993). The antigen-
of immunoblotting on carboxymethylated purified tubue determinant recognised by antibody TU-20 could thus
lin confirmed that the TU-20 antibody did not cross-respecifically masked by posttranslational modification(s)
act either witha-tubulin or with othe3-tubulin isotype or by binding of microtubule-associated proteins in squa-
classes present in brain (Banerjee et al. 1990). Limitewus cell carcinomas. It is well established that C-termi-
reactivity with B-tubulin was also detected on immunoral ends are extensively posttranslationally modified in
blots after high resolution isoelectric focusing of powrarious B-tubulin isotypes and interact with associated
cine brain tubulin (Linhartova et al. 1992). The antibodyroteins (Luduefia 1993). Alternatively, the sequence of
TU-20 stained only subsets Bftubulin isoelectric vari- the last eight amino acids on the C-terminal end of hu-
ants (isoforms) in comparison with the generic &dti- man class IlIB-tubulin, in which the TU-20 epitope is
bulin antibody, TU-06. TU-20 stained identical isoformiecated, is present only in neuronal tissues.
as antibody SDL.3D10 (Sigma-Aldrich, Prague, Czech In conclusion, the data presented indicate specific ex-
Republic), which recognises class tubulin (Bane- pression of the class I@-tubulin isotype detected by an-
rjee et al.1990; I. Linhartova, P. Draber, unpublished diébody TU-20 only in normal and neoplastic human tis-
ta). Reactivity with only a minor component @ftubu- sues of neuronal origin. Our findings provide additional
lin was observed on mouse, rat and porcine whole brairidence that class 1B-tubulin is a useful marker for
lysates. the identification of neuronal neoplasms.
Immunohistochemical staining of formaldehyde-fixed
paraffin-embedded normal human tissues showed spegknowledgements We thank Dr. M. Novakova for help with
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sionally found in Sertoli cells of the testis. Clas{3Hiu- separation of class Ip-tubulin. Cell lines UM SCC 1, UM SCC 2

bulin was previously immunodetected in mouse testis &y _%JM fSﬁCh_ZZB W:re ﬁngly %g\ﬂ?eghby Dr. kT-E- Carey (L:ﬂg

immunoblotting (Frankfurter et al. 1986; Burgoyne et af€'S!ty of Michigan, Ann Arbor, ; 1NIS WOrK was supporte
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as by immunofluorescence in murine Sertoli cells (Lewis '

and Cowan 1988). In the neoplastic human tissues tested,

class Il B-tubulin was detected in tumours of neuron®eferences

origin and in one case of teratoma, where it was found in

a subpopulation of cells. The observed expressionAski DJ, Remolona NM (1989) Tubulin isotype usage in vivo: a

class Il B-tubulin detected by antibody TU-20 in human priaue spatial distribution of the minor neuronal-spe@ift-
; ulin isotype in pheochromocytoma cells. Dev Biol 132:

medulloblastoma and neuroblastoma are in accordancejgg 409

with previous immunohistochemical findings in meduBanerjee A, Roach MC, Trcka P, Luduefia RF (1990) Increased

loblastoma (Katsetos et al. 1989; Maraziotis et al. 1992), mi_crO:ubulefgStS%mlblyjanﬂvgﬂr? braziggul%ié{l T%éng the type

primary explants of medulloblastoma (Vinores et al. 'Sno ygeDO #1 lr“”_-D Ilgn Miml_ wi: A Sarkar wan

1994) and neurObIaStoma .(Katsetos ?t al.‘ 1994). l.i:‘(ﬁlc.)]y(leQSS)’Dci:f‘l:jlerebn‘tfjgl d(iesetlribution,qﬁubsulisn i’sgt?/p:s iﬁ'g:r-a

presence of class Ip-tubulin in neuroepithelial compo-  epeilum. EMBO J 7:2311-2319

nents of a spontaneous murine ovarian teratoma was &ls@amo D, Katsetos CD, Herman MM, Frankfurter A, Collins

described (Caccamo etal. 1989). We did not, however, 1 i o o e roaphalial different-
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