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Abstract Several studies have shown that immunoenzey words Intermediate filament - GFAP - Glioma -
matic staining of formalin-fixed, paraffin-embedded agwstrocyte - Glic.
trocytomas with keratin antibodies frequently yields pos-
itive labelling, but no biochemical evidence of keratin
expression in astrocytomas has been reported. We Hateoduction
investigated the presence of keratin in astrocytoma and
normal brain tissues both by immunofluorescence ®he constituent proteins of intermediate filaments (IF)
frozen sections and by 1D and 2D immunoblotting usibglong to a multigene family composed of about 40
seven monoclonal antibodies that, collectively, recognigelypeptides, which have been subdivided into six major
most keratin polypeptides. Four of these antibodies dygpes based on sequence homologies (for reviews see
not stain neural tissues by immunofluorescence and wgre, 27, 51]). While type I-IV and VI IF proteins form
also negative by immunoblotting. The remaining thregtoplasmic filamentous networks, type V IF proteins,
keratin antibodies stained normal brain and/or a highe lamins, are the principal components of the nuclear
proportion of astrocytomas. Two of these three antibddmina. Numerous studies have established that cytoplas-
ies only stained glial fibrillary acidic protein (GFAP)-mic IF proteins are expressed in a tissue- and cell-type
positive cells, while the third only stained GFAP-negapecific pattern. Epithelia express type | and type Il IF
tive cells. 1D and 2D immunoblotting analysis showgatoteins, the keratins, which include 20 polypeptides re-
that positive immunofluorescence staining of normtdrred to as K1 to K20 [36] (for references on K20 see
brain and/or astrocytomas seen with these three kerfin37]). Type lll IF proteins have a distribution limited
antibodies was due to cross-reactivity with non-keratio certain cell types, such as astrocytes for GFAP (glial
proteins, such as GFAP. These results demonstrate thilat)lary acidic protein), muscle cells for desmin, and
contrary to earlier suggestions, keratin polypeptides amgious mesenchymal cells for vimentin. Type IV IF pro-
not frequently expressed in astrocytomas. Our studiess are specifically expressed in differentiated neurons
also emphasize that keratin antibodies should be usédhe central nervous system. Finally, nestin, the only
cautiously for the differential diagnosis of undifferentiaknown type VI IF protein, is found primarily in neuroec-
ed gliomas from tumours of non-glial origin. todermal stem cells and in embryonic muscle cells [30,
49].

As a general rule, neoplastic cells retain the expres-
sion of the cytoplasmic IF proteins found in their pro-
genitor cell type [42, 50]. However, in certain cases, neo-
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Table 1 Specificity of our panel of keratin antibodies for the 20 keratin polypeptides. Numbers in brackets refer to studies cited in the
References and describing the specificity of each antikadies

Antibody Specificity for keratin polypeptide no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

AEL1 [8, 9, 56] + + o+ o+ +
AE3 [8, 9, 56] + o+ + + + + + +

AE5 [8, 9] +

M20 [55] +

KS-1A3 [31] +

CK-E3 [54] +

KS-B17.2 [31] +

ed by the finding that transfection of K8 and K18 genebtained from the American Type Culture Collection (Rockville,

into sarcoma cells increases the migratory and invasj{g) and were grown in DMEM containing 10% fetal calf serum,
activities of these cells [7] U/ml penicillin and 10@ug/ml streptomycin.
: The following mouse monoclonal keratin antibodies were

Astrocytes normally express GFAP alone or GFAP iRed: AE1 and AE3 (both purchased from Biomeda, Foster City,
addition to vimentin, and usually maintain the expressicalif.), AE5 (ICN Biologicals, Costa Mesa, Calif.), M20, CK-E3,

of these two proteins during neoplastic transformatidfS-1A3 and KS-B17.2 (these latter four antibodies were pur-

Several immunohistochemical observations have s@ﬁ‘sed from Sigma, St Louis, Mo.). The specificity of each of

. se monoclonal antibodies for the different keratin polypeptides
gested that astrocytomas may also express Keratinid4ummarized in Table I. A rabbit antiserum raised against bovine

10-12, 20, 39]. These observations are intriguing sirtrain GFAP was also used (Incstar, Stillwater, Minn.).
the expression of keratin polypeptides by astrocytomasAs secondary antibodies we used affinity purified, human se-

; ; ; adsorbed goat anti-mouse or rabbit IgGs (Kirkegaard & Perry,
could have a bearing on the malignant properties of th ajthersburg, Md.) which were conjugated to peroxidase for im-

tumours. However, the presence of keratin polypepti Snoblotting and to either fluorescein or rhodamine for immuno-
in astrocytomas has not been confirmed systematicallgrescence.

by biochemical or molecular biological methods. Such Immunofluorescence on tissues was performed pm4hick

data Would be |mportant because |t haS been Shown stat sections fixed for 5 min in methanol at —20°C and air-
ed at room temperature for 1 h. All antibodies were diluted at

unexpeqted .immun_ohistochemipal staining of gliom EZO in PBS (6 mM phosphate buffer, 170 mM NaCl, 3 mM KCl,
with antibodies against IF proteins can be artefactual p&, 7.4). Each incubation of tissue sections with antibodies was
14]. performed for 60 min at 37°C and was followed by three 5-min

Using a panel of seven monoclonal antibodies, whig@shes in PBS. After the final wash, the tissue sections were

together are directed against most keratin polypeptid@ﬁ%ﬁéﬂé[‘n F,L‘fgr)omoum G (Southern Biotechnology Associates,
we have systematically re-examined the presence of kericroscopic observations were carried out with an Axiophot

atin in normal brain and astrocytoma tissues both by imicroscope (Carl Zeiss, Oberkochen, Germany) equipped with
munofluorescence on frozen, acetone-fixed sections &ndillumination and specific filters for rhodamine and fluorescein.

by 1D and 2D immunoblotting. While we find that somggc’t%ggsﬁggtg";e{\f\tf;ke” on Tmax 400 black and white films (Ko-
keratin monoclonal antibodies stain a large percentage Ofqr one-dimensional gel electrophoresis (1D-GE), tissue or cul-

astrocytomas, our biochemical results indicate that thiged cell samples were lysed in 3% sodium dodecy! sulfate (SDS)
staining is not due to the presence of keratin polypepd 3%p-mercaptoethanol sample buffer [29] containing 1 mM
tides but to cross-reactivity with other proteins such @{é%”ﬁ?&;%i‘é‘:‘}%&“g)“gg g?g{'g;s)eairr'%iti{gpgpggfgé-'grg'{issue
GFAP' Thls.demonStrates that, Contrar.y to earlier Squg_:grﬁples were lysed in 1% SDS containing 20 mM dithiothreitol,
tions, keratin polypeptides are not widely expressed 1M PMSF and 1 mM TAME. Samples for both 1D-GE and 2D-
astrocytomas. In addition, our findings underscore tB€ were sonicated and boiled for 3 min. The protein concentration
limitations of some routinely used keratin monoclon&f elfgrhlsgfgpéesvgﬁfp‘li:éeggg%? Bgottg?nmﬁégoge%;?;?ggog)ﬂ [573]50/
antlbpdles for the differential dlagn_05|s .Of undnf-ferem'"’%—Ds-polyacrylamide gel [29]. At the end of the electrophoresis,
ed gliomas from tumours of non-glial origin. the proteins were either stained with 0.05% Coomassie brilliant
blue in 50% methanol and 10% acetic acid or blotted onto nitro-
cellulose paper.
" For 2D-GE samples, g of protein was separated first by iso-
Materials and methods electric focusing according to the method of O'Farell [41]. >éubse-
quent separation of the proteins according to their molecular
Normal, human frontal cortex was obtained from VA Wadsworthieight was performed on 7.5% SDS-polyacrylamide gels. At the
Medical Center (Los Angeles, Calif.). Human astrocytomas wegsd of the electrophoresis, the proteins were either silver stained
obtained after surgical resection from Columbus Hospital Neufollowing the method of Wray et al. [57] or blotted onto nitrocel-
surgery Department (Chicago, lll.). The specimens were frozeitose paper.
shortly after resection and consisted of 1 grade Il (case no. 1), 1The proteins separated by 1D-GE or 2D-GE were transferred
grade Ill (case no. 2) and 7 grade IV (cases no. 3-9) astrocytoreéestrophoretically onto nitrocellulose membranes for 2 h at 110 V
The tumours were graded according to the WHO classificatiand at 4°C using a buffer tank and a mini Trans-blot module (Bio-
[26]. Bovine cornea was dissected from an eye obtained from aR@&d, Hercules, Calif.) [52]. Under these conditions the efficiency
cal slaughterhouse. A431 human epidermoid carcinoma cells wef¢he transfer was excellent as determined by staining of the nitro-
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Table 2 Results of immunofluorescence staining of normal brain and astrocytoma tissues with keratin monoclonal antibodies and with
GFAP antibodie::

Case no. Astrocytoma Antibody
grade
AE1 AE3 AES5 M20 KS-1A3 CK-E3 KS-17.2 GFAP

Normal brain - + + - - - - +
1 1] - + + - + — - +
2 11 - - + - - - - +
3 v - + + - + - - +
4 v - + + — — - - +
5 v — + + — + — — +
6 v - + + - - - - +
7 v - + + - + - - +
8 v - + + - - - - +
9 v - - - - - - - -

Fig. 1 Double immunofluorescent staining of normal humaand incubated for 4 h at room temperature with the appropriate per-
brain with eithera AE3 or c AE5 monoclonal keratin antibodiesoxidase-conjugated antibodies diluted at 1:1000 in PBS-milk. Fol-
andb, d GFAP antibodies. Note that AE3 and AES5 stain celluldowing PBS washes, the peroxidase activity of the nitrocellulose-
profiles and processes, and that their staining pattern is identicdddond secondary antibodies was detected either with the ECL
that of GFAP antibodieBars20 um chemiluminescent reagents (Amersham, Arlington Heights, IIl.)
and Kodak Biomax MR films (Kodak, Rochester, N.Y.), or with a
chromogenic substrate consisting of 0.06% (w/v) 4-chloro-1-naph-

cellulose membranes with Ponceau S as previously described [ l 20% (v/v) methanol, and 0.01% (v/v)®4 in PBS.

Non-specific protein binding sites on the nitrocellulose blots were
blocked with PBS containing 5% non-fat milk (PBS-milk). The pri-
mary antibodies were diluted in PBS-milk at the following d“uResults
tions: 1:250 for AE1, AE3 and AES5, 1:100 for M20, CK-E3, KS*

1A3 and KS-B17.2, and 1:1000 for GFAP antibodies. Incubation _of . . . .
the nitrocellulose blots with these antibodies was performed ovfﬁble 1 lists the seven keratin monoclonal antibodies
night at room temperature. The blots were then washed with P@Sed in our study and demonstrates that, collectively,
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Fig. 2 Double immunofluorescent staining of astrocytomas withrevealed numerous brightly stained cellular profiles and
AE3, ¢ AES, ore KS-1A3 monoclonal keratin antibodies abdd,  nrocesses. Double-label immunofluorescence showed

f GFAP antibodiesa, b Case 7, d case 6g, fcase 5. Note that : . L
the staining patterns of GFAP antibodies and AE3 or AE5 mat' in normal brain, the staining pattern of these two

identical, but that the staining patterns of GFAP antibodies adftibodies was indistinguishable from that given by
KS-1A3 are differentBars20 um GFAP antibodies (Fig. 1). AE3 also stained seven out of

nine (78%) astrocytomas, while AE5 stained eight out of

nine (88%) astrocytomas. In these tumours, the staining
they recognize 16 of the 20 keratin polypeptides. Tabl®Rtained with both antibodies was mostly fibrillar, and,
summarizes the results of immunofluorescent stainingasf in normal brain, on double-label immunofluorescence
normal brain and of astrocytomas with these antibodiésappeared to be identical to that obtained with antibod-
as well as with GFAP antibodies. While four of the sevées directed against GFAP (Fig. 2).
keratin antibodies, AE1, M20, CK-E3, and KS-B17.2, Monoclonal keratin antibody KS-1A3 did not stain
were negative on all tissue samples examined, the mermal brain, but did stain four out of nine (44%) astro-
maining three antibodies, AE3, AE5 and KS-1A3ytomas. The staining consisted of a variable number of
stained normal brain and/or a variable proportion of adender processes heterogeneously distributed within tis-
trocytomas. sue sections. Double-label immunofluorescence revealed

Single-label immunofluorescence of normal braithat these processes were not recognized by antibodies

sections with either AE3 or AE5 monoclonal antibodiegainst GFAP (Fig. 2).
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Fig. 3 a Coomassie blue-stained SDS-polyacrylamide gel dflots of 2D gels of astrocytoma tissues, antibodies
A431 epidermoid carcinoma cellmfe 1), normal brain lgne 2, against GFAP recognized three closely related spots,

and astrocytoma cases 1-48nes 3-1); molecular mass of pro- _ - . : -

tein standa¥ds are indicated Ii:gekiloda;l“;ons at the left of thebgel. with a molecular mass Qf 50 kDa and. |soelectr|c points
Blots of gels similar to that ia were incubated with the following P€tween 5.6 and 5.8 (Fig. 5). The migration pattern of
keratin monoclonal antibodie&s AE1, ¢ M20, d CK-E3, ande these spots was identical to that previously reported for
KS-B17.2. Note that these antibodies do not react with protei@FAP and its phosphorylation variants [3]. Three closely

present in either normal brain or astrocytoma samjéeesg 2—11 PR ; ;
of each blot), but that they recognize in A431 epidermoid carci lated spots of 50 kDa with isoelectric points between

ma cells fane 1of each blot) proteins db 50 kDa for AE1,c 2.6 and 5.8 were also recognized by AE5 on immuno-
52 kDa for M20,d 45 kDa for CK-E3, ane 46 kDa for KS-B17.” blots of 2D gels of astrocytoma tissues (Fig. 5). These

spots were identical to those recognized by GFAP anti-
bodies, as demonstrated by the fact that the incubation of

Monoclonal antibodies AE1, M20, CK-E3, and KSimmunoblots of 2D-gels of astrocytoma tissues with a
B17.2 that did not stain normal brain or astrocytomas txture of monoclonal antibody AE5 and GFAP anti-
immunofluorescence were also negative in immunoblditsdies reveals only three spots (Fig. 5).
of these tissues (Fig. 3). A431 epidermoid carcinomaln some immunoblotting experiments, the AE3 mono-
cells were used as positive control for these experimemisnal antibody recognized two proteins of approximate-
as they contain the keratin polypeptides recognized Igy63 and 65 kDa. When present, this doublet was found
these antibodies [36]. Immunoblots of A431 cells reven in parts of the blot corresponding to the molecular
vealed that monoclonal antibodies AE1, M20, CK-E®jass standards or to lanes loaded with plain sample buff-
and KS-B17.2 recognized proteins of the expected maode- Previous studies have shown that this staining pattern
cular mass, including a 50-kDa protein correspondingito characteristic of contamination with human stratum
K14 and K15 for AE1, a 52-kDa protein correspondingprneum keratins [1, 9, 40], which are recognized by
to K8 for M20, a 45-kDa protein corresponding to K18E3 [9]. Appropriate precautions during sample prepa-
for KS-B17.2, and a 46-kDa protein corresponding tation and gel electrophoresis [40] allowed us to elimi-
K17 for CK-E3 (Fig. 3). nate contamination with exogenous keratins. Under these

Tissues that stained positive by immunofluorescencenditions, AE3 did not label any protein in either nor-
with monoclonal antibody AE5 were also positive by inmal brain or astrocytomas. However, in A431 cells, this
munoblotting for a 50-kDa protein (Fig. 4). This proteiantibody recognized three proteins, which had a molecu-
did not comigrate with the 64-kDa corneal keratin polyar mass corresponding to keratin polypeptides expressed
peptide K3 (Fig. 4), which is the keratin polypeptide fdyy these cells and which have been previously shown to
which AE5 is specific in epithelial tissues [8, 9]. Insteadeact with this antibody; these include K5 (58 kDa), K6
the electrophoretic mobility of the protein recognized @and K7 (54 kDa) and K8 (52 kDa) (Fig. 4).
AE5 in normal brain and in astrocytomas was similar to Monoclonal antibody KS-1A3 did not react with any
that of GFAP (Fig. 4). This prompted us to determine, Ipyotein in our series of normal and neoplastic brain tis-
2D-gel immunoblotting assays, whether or not monoclsdes on immunoblotting (Fig. 4), even in samples that
nal antibody AE5 cross-reacted with GFAP. On immunstained positive with this antibody in immunofluores-
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Fig. 4 Immunoblotting witha AE5, b GFAP antibodiesc AE3,
andd KS-1A3 of bovine corneddne 1in a andb), A431 epider-
moid carcinoma celislgne 1in ¢ andd), normal human brain o\ fin4ings demonstrate that, contrary to what has been

(lane 2in a—d), and astrocytoma cases 148nes 3-11in a—d); . . .
molecular mass of protein standards are indicated in kilodalton&gViously suggested by several studies based on im-

the left of the immunoblotsa AES reacts with a 64-kDa protein inmunoenzymatic staining of tissue sections [4, 10, 11, 20,
bovine cornealéne 1), and with a 50-kDa protein in normal bralngg], keratin p0|ypeptides are not frequenﬂy expressed by

(lane 2 and in astrocytomas 1-tfes 2—-1D b GFAP antibodies ; ; ;
react with a 50-kDa protein in normal brain and astrocytomas ﬁgtrqcytomasb.l Thls concluslon IS bals1_edh onhthe rﬁsultﬁ of
(lanes 2-1] note that this antibody does not react with any cdfUl Immunoblotting experiments, which show that the

neal protein lane 1. c AE3 andd KS-1A3 do not react with any immunofluorescence staining seen with different keratin
grolt;%)inl inAzgrlmal_grainlgé(;le J or astrOCﬁ/tonAﬂgssampleiaﬂes monoclonal antibodies in a large proportion of astrocyto-
—13.n épiaermoid carcinoma cells, recognizes Prgnas is not due to the presence of keratin polypeptides.
tSeA'fksD‘g ;?r%’te?ﬁ@alrg]g) kDa {ane 3, and KS-1A3 recognizes a Immunoenzymatic staining of formaldehyde-fixed,
paraffin-embedded gliomas with antibodies against IF
proteins has been shown to yield artefactual results in
cence experiments. However, as expected from the kef@me cases [14]. These have been attributed to cross-re-
tin polypeptide composition of A431 cells [36], KS-1A3ctivities of the primary and/or secondary antibody, and
recognized a 54-kDa protein corresponding to K13 #fso to contaminating antibodies present in the ascitic
these cells (Fig. 4). In some immunoblot experimenffyids used for staining [14]. A recent study has also
the amount of protein loaded for A431 cells was Z{&monstrated that the staining of gliomas with various
times less than that loaded for normal brain and astrokgratin antibodies, such as B3H11 and AE1/AE3, de-
toma samples. Under these condition, AE3 and KS-1p8nds on the fixation method and on the pretreatment of
still labelled proteins of the appropriate molecular magse tissue sections with proteases [2]. This has lent fur-
in A431 cells, but did not react with normal brain and ather credence to the suspicion that the positive labelling
trocytoma samples. of gliomas by some keratin antibodies could be artefact-
ual.

Interestingly, our immunofluorescence results show
that the positive immunoenzymatic staining of a high
percentage of astrocytomas with the keratin antibodies
AE3 and AES5 seen in previous studies [2, 4, 10, 11, 20,

Discussion
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astrocytoma samples, AE5 labels a 50 kDa protein that
o comigrates with GFAP, as determined by 1D and 2D im-
* o munoblotting analysis. These results reveal the existence
- 4“ of an epitope common to GFAP and K3, and demon-
G strate that the immunofluorescent staining of normal and
neoplastic astrocytes with AE5 is due its binding to
GFAP, but not to K3. The occurrence of epitopes shared
by different IF proteins is relatively frequent [8, 13, 44,
45], and is due to the sequence similarities that exist
a b among IF proteins [51].

Despite the positive immunofluorescent staining of
normal brain and astrocytomas with AE3 and KS-1AS3,
both antibodies failed to react with proteins in immuno-
blots of these tissues. This is similar to what has been
previously reported for the monoclonal keratin antibody
CAM5.2 [2]. The discrepancy between the immunofluo-
rescence and Western blotting results is not likely to be

e ® W due to a limiting amount of protein for the immunoblot-
ting procedure. This is suggested by the fact that the im-

munofluorescent staining seen with AE3 and KS-1A3
C d was usually bright and present in a large number of cel-
lular processes, a result which typically indicates that the

Fig. 5 aSilver-stained 2D gel of astrocytoma case 3; + and — igmount of antigen present in the tissue is sufficient for

dicate respectively the position of the anode and cathode duffgfection with the highly sensitive immunoblotting
isoelectric focusing, and tharrow indicates the direction of pro- method. Furthermore, in A431 human epidermoid carci-

tein migration during SDS-PAGHB~d Blots of 2D gels similar to _ i _
that ina and incubated withb monoclonal keratin antibody AES5, noma cells, AE3 and KS-1A3 labelled the keratin poly

¢ GFAP antibodies, and a mixture of AE5 and GFAP antibodies.pemIdes for Wh.'Ch they are specific, even When. the
After incubation with either AE5H) or GFAP antibodiesc] three amount of protein loaded for A431 cells was 20 times
spots are seen in the same region of the immunoblots. The thess than that present on the same blot for the astrocyto-

S?totS_ Staigetd by /?\'tfr? ag}dtGFAtE a”“b?dies ?fé%e”tigaé é:PShQWQ and normal brain samples. These results indicate that
arter incupation o € pIots with a mixture o an a H H H
tibodies @); arrowheadsin a indicate the position of these spots?he keratin polypeptides recognized by AE3 and KS-1A3

on the silver-stained cal In epithelial tissues are not present in the normal brain
N and astrocytoma samples that these antibodies stain by
immunofluorescence. It is likely that, in these samples,
39] is reproducible on astrocytoma tissue sections thd&3 and KS-1A3 recognize conformational epitopes
have been neither fixed with formalin nor treated wittreated by the interaction of two or more proteins and
proteases. Additionally, we have found that acetormaimicking the keratin epitopes recognized by these anti-
fixed, frozen sections of normal brain tissue stain witlodies in epithelial tissues. Such conformational epi-
AE3 and AES5, and that both antibodies label normal atopes would not be recognized by AE3 and KS-1A3 in
neoplastic astrocytes, as shown by double-label immuimamunoblotting experiments, since they would be de-
fluorescence with GFAP antibodies. Of all the other kestroyed upon treatment of protein complexes with SDS
atin antibodies we have tested, the only other one thatl B-mercaptoethanol, as occurs during sample prepa-
also stains astrocytoma tissue sections is KS-1A3. Thasion for gel electrophoresis.
antibody, however, does not stain normal brain. Double-Taken together, the results obtained with our panel of
label immunofluorescence of astrocytoma tissue sectidesatin monoclonal antibodies rule out the expression of
shows that the staining pattern of KS-1A3 is clearly dif6 of the 20 keratin polypeptides in normal brain and in
ferent from that obtained with GFAP antibodies, suggestir series of astrocytomas. The presence of K9, K11,
ing that KS-1A3 labels tumour cells devoid of GFAP d€12 and K20 was not tested in these tissues, owing to
neuronal remnants trapped within the tumour. the lack of commercially available antibodies. However,
We have used Western blotting to determine whetheis unlikely that normal or neoplastic astrocytes express
or not the staining of normal brain and astrocytom#sese keratin polypeptides, as their expression is limited
with the keratin antibodies AE3, AE5 and KS-1A3 is due terminally differentiated epithelia, such as the supra-
to presence of keratin polypeptides in these tissues. Blasal layers of the epidermis for K9 and K11 [36], the
AES5 keratin monoclonal antibody has been characterizztnea for K12 [8, 9, 28, 36] and epithelial cells of the
by immunofluorescence and immunoblotting in epithgastrointestinal tract for K20 [6, 37].
lial tissues, where it has been found to be specific forlt should be stressed that our results do not exclude
K3, the 64-kDa cornea-specific keratin polypeptide [8, the possibility that, in rare cases, astrocytomas may ex-
28]. However, this antibody has not been extensivaiyess keratin polypeptides. For instance, keratin polypep-
tested in non-epithelial tissues. In either normal brain todes could be present in astrocytomas displaying a pat-
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tern of epithelial metaplasia [25, 38] or in astrocytomas gnoeztz%feuzrgisgration and invasion. Proc Natl Acad Sci USA
that have reversed to a phenotype similar to that of ney-?": ~ . .
roectodermal cells, as this cell type expresses keratin (h-C00Pe" D, Sun TT (1986) Monoclonal antibody analysis of

. : . bovine epithelial keratins. Specific pairs as defined by coex-
til the completion of neural tube formation [22, 43]. Al- pression. J Biol Chem 262:4646—4654

ternatively, keratin polypeptides could be expressed 8 Cooper D, Schemer A, Sun TT (1985) Classification of human
astrocytomas derived 0n|y from certain regions of the epithelia and their neoplasms using monoclonal antibodies to

: ; o _keratins: strategies, applications, and limitations. Lab Invest
brain, as suggested by the detection of a keratin-like pro-¢,.5,2™c¢

tein in a subclass of cerebellar astrocytes in the hamstelcosgrove M, Fitzgibbons PL, Sherrod A, Chandrasoma PT,
[15]. Interestingly, in various lower vertebrates, the pres- Martin SE (1989) Intermediate filament expression in astrocy-
ence of keratin polypeptides related to mammalian K8 tic neoplasms. Am J Surg Pathol 13:141-145 _

and K18 has been reported in specific regions of thk Cosgrove MM, Rich KA, Kunin SA, Sherrod AE, Martin SE

. . I (1993) Keratin intermediate filament expression in astrocytic
brain or spinal cord [17, 21, 33, 46]. The possibility that neopjasms: analysis by immunocytochemistry, western blot,

some gliomas may contain keratin polypeptides is also and Northern hybridization. Mod Pathol 6:342-347 _
raised by the finding that A172 astrocytoma cells contdi@. Cruz-Sanchez, FF, Garcia-Bachs M, Rossi ML, Rodriguez-
K18 mRNA and protein [11] and that two oligodendro- Prados S, Ferrer |, Coakham HB, Ferreres JC, Figols J, Palacin

. . A (1992) Epithelial differentiation in gliomas, meningiomas
glioma cell lines express K7 and K8 mRNA, but not pro- and choroid plexus papillomas. Virchows Arch [B] 62:25-34

tein [23, 24]. It is not clear, however, whether these cels Escurat M, Phamgia H, Huc C, Pouplard-Barthelaix A,
are derived from gliomas that were already expressingBoitard C, Bach JF, Gros F, Portier MM (1989) A new mono-
keratin, or whether keratin expression appeared after theclonal antibody recognizing the amino-terminal consensus se-

; ; quence of vertebrates intermediate filaments proteins. FEBS
establishment of these cells as permanent lines. Lett 253:157—162

Finally, a practical consequence of our study is thaif Franke FE, Schachenmayr W, Osborn M, Altmannsberger M
positive immunohistochemical staining of normal brain (1991) Unexpected immunoreactivities of intermediate fila-
or glioma tissues with keratin antibodies is not necessari-ment antibodies in human brain and brain tumours. Am J Pa-

ly proof of keratin expression. It is important that this he ol 139:67-79

bered wh K . ibodi d f bﬂ% Franko MC, Gibbs CJ, Rhoades DA, Gajdusek DC (1987)
remembered when keratin antibodies are used for the€yonocional antibody analysis of keratin expression in the cen-

recognition of poorly differentiated carcinomas metasta- tral nervous system. Proc Natl Acad Sci USA 84:3482-3485
sizing to the brain or for discrimination between undifi6. Fuchs E, Weber K (1993) Intermediate filaments: structure,
ferentiated gliomas and tumours of non-glial origin. dynamics, function and diseases. Annu Rev Biochem 63:345-

Cle,arly' itis necessary to use a combination O_f MOrPNG: Giordano S, Glasgow E, Tesser P, Schechter N (1989) A type
logical and biochemical techniques for conclusive identi- | keratin is expressed in glial cells of the goldfish visual path-
fication of keratin expression in normal and pathological way. Neuron 2:1507-1516 _
brain tissues and, more generally, for the study of the'ff ZiREr &, TOIC b S . iate-qiamen proteing n mu
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