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Abstract Cadherins are a family of glycoproteins thg,
are associated with cell adhesion mechanisms. They a

divided into subclasses. The E- and P-cadherins are #gghering are a family of glycoproteins involved in the

garde% as the epidthglial SUbt)éPf?- Their expression 85, yependent cell—cell adhesion mechanism detected in
een demonstrated In many different carcinoma types,qt tynes of tissues. Inhibition of the cadherin activity

Using immur}olrznor%r;]olqgiqal techniquefs,lé\{vSehstudiedbt ith antibodies induces dissociation of cell layers, indicat-
expressmn;: - -ca erlln |n|a se_‘ges 05H9 Wuman brIFH the fundamental importance of these polypeptides in
tumours with the monoclonal antibody SH3. Western blgtiniaining the multicellular structure. Cadherins are divid-
analysis was used to confirm the immunohistochemi into subclasses, including E-, N-, and P-cadherins [21]
data. The tumour types represented were astrocylomg_ anq p.cadherins are regarded as beloning to the epi-

WHO | (n =7), astrocytoma WHO Ir(= 6), astrocyto- ig| subtype, whose expression has been demonstrated
ma WHO Ill (n = 14), glloblistoma WHO IVI(=8), oli- i many different carcinoma types [1-4, 9, 12-14, 18-21,
godendroglioma WHO lir(= 5), ependymoma WHO Il 541 |y 3ddition, E-cadherin expression has been correlated
(n = 5), choroid plexus papilloma WHO ih € 5), pineo- \ith differentiation, invasiveness, and metastases. In carci-
blastoma WHO 1V @ = 5), medulloblastoma WHO IV yomag of the lung [1], the stomach [13, 21] the liver [20],
(n =5), neurinoma WHO Ir(= 5), meningioma WHO | (e colon and the rectum [4], the female genital tract [9],
and WHO Il f = 75) and pituitary adenoma WHO lpeqq ang neck [18], and the thyroid gland [2] E-cadherin
(n = 5). Only choroid plexus papillomas (5/5) and menifyaq o5t or reduced in dedifferentiated tumours. In infiltrat-
giomas showed E-céadhenr_] expression. In benign menity oo cinomas of the breast, E-cadherin immunoreactivity
giomas (1 = 45; 100%), positive E-cadherin immunoreagg g nositive in ductal and negative in lobular variants [14].
tivity was found regardiess of the histomorphologicgl ycta| carcinomas of the breast, there was significantly
subtype. E-Cadher:)n was also expressed in 21 WHQL e expression of E-cadherin in well-differentiated ductal
meningiomas (100%) invading dura, bone, brain, apfcinoma in situ (DCIS) than in poorly differentiated

muscle. In contrast, E-cadherin was absent from the rigs|5 [7]. In prostate cancer, decreased expression of E-

jority of morphologically malignant meningiomas (6/9,,heri | ith is 124]. A
66.6%). In addition, in recurrent meningiomas=(9), E- cadherin was correlated with poor prognosis [24]. Among

dheri ion in th ('t i ttfmours of the central nervous system, E-cadherin expres-
cadnerin expression In the recurrent lumours was I0€QL5n hag peen studied exclusively in meningiomas; the re-
cal to that in the primary neoplasm except in cases w

h . . ted data, however, are not congruent [5, 23].
malignant progression, where the malignant recurrent Yo aim of our immunocytochemical and immunochemi-

mour was E-cadherin negative. In 2 cases of metastasig-gy gy was the examination of E-cadherin expression in
ing meningiomas, no E-cadherin immunoreactivity wasi,, - - - : -

giomas. In meningiomas, the immunoreaction in histologi-
cal subtypes, malignant neoplasms, invasive and recurrent
Stumours and in metastatic meningiomas was examined.
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Table 1 E-cadhein expression

in human bain tumous Tumour entity Grade n E-Cadhein immunoreactvity

Positive Negative
Astrocytoma WHO | 7 0 7
Astrocytoma WHO I 6 0 6
Astrocytoma WHO Il 14 0 14
Glioblastoma WHO IV 8 0 8
Oligodendoglioma WHO I 5 0 5
Epengmoma WHO I 5 0 5
Choroid plexus pailloma WHO | 5 5 0
Pineolbastoma WHO IV 5 0 5
Medullobastoma WHO IV 5 0 5
Neurinoma WHO | 5 0 5
Meningoma WHO /111 75 69 6
Pituitaly adenoma WHO | 5 0 5
Total 145

Table 2 E-Cadhein expres

sion in meningma subtype: ~ Subtypes WHO n E-Cadhein immunoreactvity2
- + ++ +++
Meningothelial | 10 0 1 3 6
Fibroblastic | 10 0 2 4 4
Transitional | 10 0 2 6 2
Psammomimus | 6 0 0 2 4
Papillary | 1 0 0 1 0
Angiomaous | 2 0 1 0 1
Secetoly | 3 0 0 3 0
Microcystic | 3 0 1 2 0
Malignant 1 9 6 2 1 0
Invasive
. . D | 2 4
aPositive cells per slide: Bg;?s I g 8 8 3 3
- negative, + less than 30%, Brain I 4 0 1 3 0
++ 30-70%, +++ ma than Musde I 5 0 0 5 0
70%
Table 3 E-cadhein expression . i
in recurent meningarr?as No. Age Sex  Primary tumour First recurence Second ecurence
mmale f female menmenin
gothe"; meninima s tran Year Type WHO 5H9 Year WHO 5H9 Year WHO 5H9
sitional meningpma)
1 44 f 1982 men | +++ 1986 | +++ 1992 | +++
2 39 m 1982 men | ++ 1986 | ++ 1993 1l -
3 20 f 1984 men | - 1991 | - 1993 | -
4 56 m 1985 men | +++ 1993 | +++
5 70 m 1986 trs | +++ 1990 | ++ 1992 1 -
6 42 m 1987 men | +++ 1993 | +++
7 49 f 1991 men | ++ 1992 1l -
8 72 f 1992 trs | - 1993 | -
9 69 f 1992 trs | ++ 1993 il - 1993 Il -

Tumour samples @re collected fom the fles of the Institute with 3 ug per animal and imomizaion of the 80kDa tiyptic frag-
of Neuopahology, University of Essen, Genary. They were re- ment of E-cadhém from human A-431 vulr cacinoma cells.
ceived immeditely after sugery and fxed in 4% brmaldelyde. Spleen cells m imnunized mice vere fused with P3-X63-Ag
After fixation, 4- to 6pm paaffin sections wre cut and stained 8.653 mouse geloma cells [6].
with haeméoxylin and eosin. imour dignoses wre made 6l- For immunog/tochemisty, 4- to 6um paaffin sections were
lowing the guidelines of the bd Health Oganizdion for histe cut on poylysine coted slides, deaxed in fresh xylene dr
logical typing of tumous of the centll nevous system [11]. 0- 2 x 10 min, rehydrated in ethanol and incuted in 1%
mour entities & quoted in @les 1-3. Te ony thempy for pa  H,0,/methanol (30%)dr 20min to Hock the endgenous peoxi-
tients sufering from recurent meningpmas (Bble 3) was sugely. dase actiity. After a bief washing in 0.09 TRIS kuffer, pH 7.6,

The monotnal antibogt 5H9 (IgG1) is an E-cadhierspecifc  the slides wre predigested with 0.1% ypsin containing 0.1%
antibod/, which was eceved after immanizéion of BALB/c mice Ca*, pH 7.4, for 10min, rinsed @ain in Tris-HCI (pH7.6) and in



cubded with 5% nomal svine seum (Dalo, Hamhurg, Gemary)
for 30min to reduce bakground staining

Afterwards 100ul of the undiluted supegtant monotonal ar
tibody 5H9 was gplied to eah slide br 60min in a moist bam
ber @ room tempegture. After washing ér 2 x 5 min in Tris-HCI,
pH 7.6, the slides ere incub&ed with biotirylated mbbit anti-
mouse immnaglobulins (1:200, 30min, room tempeature, moist

chamber), andifally streptavidin—horseradish peoxidase (1:300; #

20 min, room tempegture, moist ciamber) vas gplied Both anti
bodies vere puchased fom DAKO, Hamhurg, Gemary. The e
action poduct was visualied using amino-ethicarbanle. Nude-
ar countestaining vas done with haentaxylin.

For Westen blot anaysis, a fozen tumour sample ofbaut
50 mg was educed to small pieces angséd in SDS-RGE sam
ple kuffer by brief sonicdion and heting to 95°C. Potein lysaes
were searmted by sodium doded sulfate-polyaclylamide el
electophoesis (50ug total poteins/lane) on 7.5-15%ragient
gels (Bio-Rad Laoratories, Munid, Gemary) and tansemred to
nitrocellulose memlames. Te flters were incubded with m#é
5H9 for 2 h & room tempesture. Binding of the antibog was vi
sualizd using the s¢ptavidin—biotin comple method as de
sciibed dove. Westen blots were perbrmed in fve cases: men
ingiothelial, tansitional, fbroblastic, recurent invasve, and ma
lignant meningpmas.

Paraffin slides of a human bast adenoceinoma vere used as
positive contpls. A positve immunoreaction vas seen as &d
dish-biown reaction poduct, occuiing preferentially a the cell
borders and moe weakly in the gitoplasm of tumour cells. Ne-
tive contols were done lp omitting the frst antibog or by using
an irelevant pimary antibod/; they always gave neative results.

Results

In our seres of 145 pmary human bain tumous, E-
cadhein immunoreactvity was bund in doroid plexus
papillomas and menirigmas ory. Different types of
neuoepithelial tumous, sut as asticytomas, glie
blastomas, oligdendogliomas, @end/momas, pineo
blastomas, medulldastomas, neumomas and pituitgr
adenomas ere najative (Table 1). In meningpmas and
plexus paillomas, stong positve imnmunoreactions
were concentited d the tumour cell baters. A wealer

intragytoplasmic imnunoractiity was also seen. In s

meningomas of diferent histolgical subtypes, inad-
ing meningthelial, tansitional, ibroblastic psamme
maous, paillary, angomaous and miacystic \arants,
a positve immunoreaction vas obsered (Table 2, Rg. 1
a—c). The positve reaction vas seen in all 45 meniity
mas tassed as WH®and also in case of pdlary men
ingioma dassed as WHQIIl. The same type of posi
immunoreaction vas also dund in aachnoidal villi. In
meningomas, the namber of positie tumour cells &ied
from case to case and is shmin Table 2.

According to the WHO lassifcation of brin tu
mours malignant meniigmas hae enhanced cellular
ty, cellular poymorphism and a highumber of mitoses.
In momholagically malignant meningmas E-cadhén
expression vas dsent in the majaty of the cases (6/9;
Table 2; Fg. 1d). All benign meningmas &hibiting in-
vasion of the suounding tissues, shcas dua, bone
brain, and rmisde, demonstated E-cadhen expression
(Table 2; Hg. 1e). These tumows were the frst manies
tation of the meningpma. In benignecuring meningo-
mas WHOI, E-cadhein immunoreactvity was identical
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Fig. 1 Positive E-cadhén immunoreaction ina a meningthelial,
b transitional, andc fibroblastic meningpma. d Loss of E-cad
heiin immunoreactvity in a malignant menirigma. E-Cadhen is
positive e in a meningpma irnvading the misde andf in recurent
meningomas. Rraffin sections, septavidin—biotin method he
matoxylin countestain, orginal magnification x25. @Arrows indi-
cdae mitotic fgures.’

to tha in the pimary tumour (Bble 3). It was positie in
the pimary tumour and in theecurence in 5 cases (5/9,
33.3%; kg 1f). In 2 WHOI meningomas, both the pr
mary tumour and theecurent tumour vere neative.
Positive E-cadhdn immunoreaction in the pmary be
nign meningoma was lost in the ecurent tumour in 4
cases. In thesexamples, the ecurent tumour sheed
histomopholagical signs of malignanc(4/9; 44.4%).
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Table 4 E-cadhein expression

in metastasizing menifngmas No Age Se  Pimary tumour Local recurence Metastasis
fibr fibroblastic meningpma,
gnaligmalignant menin%ma) Year Type WHO 5H9 Year WHO 5H9 Year WHO 5H9 Organ
1 47 m 1990 fibr | 1993 | 1994 | Lung
2 57 f 1993 malig I - 1994 1l - 1994 1l Spine
Lung
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Fig. 2 Westen bots demonstting E-cadhen expression ina liv-
er, b meningthelial, ¢ transitional,d fibroblastic and e invasive
menindgomas.f Loss of E-cadhém in a malignant meningma

Two metastasizing menifgnas (Bble 4) laked E-
cadhein immunoreaction both in the pmary tumour
and in the metastases. In one ¢dseg metastases an
the pimary fibroblastic meningpmas WHOI were E-
cadhein negative. In the other casehe péient sufered
from a pimary malignant meningma dass WHOIlI,
which shaved a ngative E-cadhén immunoreaction, as
did the metastases in spine and lungs.

The immunog/tochemical indings were confrmed ly
Westen blot experiments in gery case studied (§. 2).
Five exkamples of meningthelial, tansitional, ibroblas
tic recurent and imasve meningomas, lit not the ma
lignant meningpmas, &hibited an imnunoreaction cor
responding to a moleculareight of dout 120kDa,
which corelaes to the position of E-cadlier

Discussion

In our setes of tumous of the centl nevous system,
E-cadhein expression has beemwdind in pleus paillo-
mas and in meningmas. As E-cadhér is the githelial
type member of the cadherfamily, expression in an
epithelial brain tumour sulke as toroid plexus paillo-
ma was epected E-Cadhein expression in human
meningomas has mviously been desdbed by Figarel-
la-Branger et al. [5] and dhma et al. [23]. As in our se
ries, Rgarella-Branger et al. [5] bund E-cadhén ex-
pression in all types of menimgmas studiedTohma et
al. [23] obseved E-cadheén in syngtial and tansition
al, but not in fbroblastic meningopmas, although the

¢

used the same morlooal antibog HECD-1 as kKarel-
la-Branger [5]. In our seles, E-cadheén immunoreacti-
ity has been unifrmly demonstated in the most com
mon histolaical subtypes of human meniogas. The
amount of positie cells varied from case to caseE-
Cadhemn was also dund in aachnoid villi. The difer-
ences obseed by other goups could be due to the dif
ferent methods used

The occurence of E-cadhar as the pithelial type of
the cadhen family is not suprising. It is well knowvn from
ultrastuctural studies thameningomas &hibit desmoseo
mes, the githelial type of cell contact [8]. Imumomopho
logically it has been demonatted tha most types of men
ingiomas shar desmoplakin immnoreactvity [10, 19].

In malignant meningmas E-cadhén expression
was dsent in 6 of 9 cases.h€se dta contast with
those of othes [5]. Three positve malignant mening-
mas shwed ony a weak imnunoraction. hese daa
correlae very well with findings in human cainomas,
where a decease or loss of E-cadlierexpression has
been corelaed with tumour dedferentigion. Examples
f this phenomenon ke been desdred in cacinomas
f the lung [1], the stomd&c[12, 13, 21], the Vier [20],
the colon andectum [14], the dmale @nital tact [9],
the head and n&c[18] and the throid gland [2]. Our
data fit in very well with recent obsesations in cacino-
mas of the endometrm and the wary [16]. Risinger et
al. found pur nutaions of the E-cadhér gene-coding
region (on diromosome 16g22) and cdoded tha E-
cadhein can be egarded as a tumour sugssor gne
An associdon between mopholagically malignant
meningomas and loss of hetzygosity (LOH) for loci
on chromosome 10 camedm the stug of Rempel et
al. [15], who found LOH br loci on diromosome 10 in
2 of 4 mopholaogically and irvasively malignant menin
giomas and in 2 of 4 oplmompholagically malignant
meningomas.

Invasion is a common andefijuent édure of menin
giomas [17]. Meningpmas can imade surounding tis
sues suc as dua, bone musde and bain. In our sdes,
E-cadhein was &pressed in all meningmas irvading
surounding tissues. fle mopholagical phenotype of
these meningmas corelaed to benign menirigmas in
WHO dass |. Reduced Vels of E-cadhén expression
have been obseged in infltrating tumour cells of gstic
cances [12]. These diferences could bexelained ly
varations in the inasion pocess beteen cacinoma and
meningoma cells athe molecular heel. Fixen et al. [6]
have demonstted tha E-cadhein can act as a sum®
sor of tumour imasion. It is not lear whether the lac of



E-cadhein expression in gstic cancer is theeasult of
tumour dediferentidion or whether iniitration process
OCCUIS as a consequence

Recurence is oftendund in meningpmas [17]. It can
be due to incomplete gical resection of the pmary
tumour, multifocal maniéstadion, and other@asons. In
most cases ofcurent meningpmas, E-cadhan expres
sion in the ecurent tumour \as identical thiain the pi-
maty tumour E-Cadhein is present in ecurent tumous
if the moipholagy is benign, bt if the ecurent tumour
shonvs mopholagical signs of malignanyc(WHO I1), E-
cadhein expression vas lost. his phenomenongain in-
dicates tha E-cadhein expression in meningmas is as
sociged with the diferentigion level of the tumourDe-
differentigion of meningomas, as shen in moiphologi-
cally malignant meningmas, is often margkt as loss
of E-cadhein immunoreaction.

Metastases &t meningomas ae rare. However,

meningomas can metastasizeven in the hsence of 11-

morpholagical signs of malignanc[17]. In 1 casgeE-

5.

8.

9.
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Figarella-Branger D, Pellisier JF Bouillot B Bianco N Mayan

M, Grisoli F, Rougn G (1994) Expassion of newl cell-ad

hesion molecule isofms and pithelial cadhen adhesion
molecules in 47 human menioghas: coreldion with dinical

and mopholagical dga. Mod Rthol 7:752—-761

. Frixen UH, Behens J Sats M, Ebele G, Voss B Warda A,

LSchner D Birchmeier W (1991) E-Cadhermediaed cell-
cell adhesion mvents ivasveness of human azinoma cells.
J Cell Biol 113:173-185

. Gupta SK, Douglasahes A5, Jasani B Morgan JM, Pigntelli

M, Mansel RE (1997) E-Cadher(E-cad) &pression in duct car
cinoma in situ (DCIS) of the bast. \tchows Arch 430:23-28
Gusek W (1962) Submikskopische Untesuchungen als Beit
rag zur Stuktur und Onbklogie der”"Meningeomé. Beitr Pa-
thol Ana 127:274-326

Inoue M,Ogwa H, Miyata M, Shiozaki H, @nizava O (1992)
Expression of E-cadhaér in nomal, benign, and malignant
tissues of émale gnital ogans. An& Pathol 98:76-80

10. Kartenbe& J, Schwechheimer K, Moll R, Fanke WW (1984)

Attachment of vimentin ifaments to desmosomal plaques in
humnan meningmal cells and adnoidal tissueJ Cell Biol
98:1072-1081

Kleihues P Burger PC, Sheithauer BW (1993) Histogical
typing of tumous of the centrl nevous system, 2nd edn.
Springer, Bellin Heidelbeg New York for WHO

cadhein expression vas lost in the pmary malignant 12 Matsuua K, Kawanishi J Fujii S, Imanura M, Hirano S
meningoma and in the spine and lung metastases. In anTakeichi M, Niitsu Y (1992) Alteed epression of E-cadhgr

other caseE-cadhein immunoreactvity could be dbund

neither in the benign pnary tumour nor in the metasta {5

sis. It is inteesting to note thaan E-cadhen-negative
benign meningma (WHO ), which usualy is E-cad
heiin positive, exhibited a metasta potential. Fom the

clinical point of viev, it would be inteesting to bllow ,,

up a sees of E-cadheén-negative meningomas ¢assed

as WHOI. Given the estictions of the small sample

number whether loss of E-cadharis a perequisite br
metastases dm meningomas can ol be a subject of
speculéion.

Our results shay that E-cadhein is expressed in dier-
entiged (benign) menirigmas and thaits expression is

lost in dediferentigded (malignant) tumosr In the light of 17. Russell DS Rubinstein LJ (1989)hology of tumous of the

this intepretaion, the epression of E-cadhir in benign
invading and écurent meningomas is not syarising.
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