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Abstract. ADAM 12 (meltrin alpha) belongs to a large family of molecules, consisting of members with both disintegrin and
metalloproteinase properties. ADAMs have been implicated in several cell physiological processes including cell adhesion, cell
fusion, proteolysis and signalling. ADAM 12 is widely expressed, including skeletal muscle, testis, bone, intestine, heart and
kidney. In addition, a variety of tumours show elevated expression of ADAM12; among them being breast-, colon-, gastric-
and lung-carcinoma. As to the brain, ADAM 12 has been shown previously to be expressed in rat and human oligodendrocytes.
However, little is known about the expression of this protease in brain tumours. This study demonstrates the presence of ADAM
12 in non-neoplastic oligodendroglial cells of normal human brain as well as in neoplastic oligodendroglia and minigemistocytes
arising from four pure oligodendrogliomas and three mixed oligoastrocytomas. Double stainings revealed a notable preference
of ADAM 12 for the oligodendroglial over astroglial components. The results of immunohistochemistry are in accordance
with the results obtained from the RT-PCR, which further demonstrated a mild difference concerning the mRNA concentration
of ADAM 12 between similar grades of eight astrocytomas and eight oligodendrogliomas (namely four astrocytomas grade II
versus four oligodendrogliomas grade II and four astrocytomas grade III versus four oligodendrogliomas grade III). Both cellular
immunostaining for ADAM 12 and ADAM 12 mRNA content decrease with higher histologic grade of the tumour. Surprisingly,
the latter parameter (ADAM12 mRNA) showed a significant opposite correlation to the degree of histologic tumour malignancy.
From our data showing that ADAM 12 is highly expressed in, but not restricted to, oligodendrogliomas, we conclude that ADAM
12 immunohistochemistry may be a helpful tool in the diagnosis of brain tumours.
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1. Introduction

ADAM (A Disintegrin And Metalloproteinase) pro-
teins are known to be implicated in cell-cell and cell-
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matrix interactions, thus contributing to cell adhesion,
cell migration, cell survival and proliferation [11,16,
27,35]. Since these features are essential prerequi-
sites for cancer invasion and metastasis, a potential
role of ADAMs in tumour development and expan-
sion has been suggested. For instance, up-regulation
of ADAM-9 has been associated with hepatocellular
carcinoma [30], and the expression level of ADAM-9
mRNA and protein was significantly increased in both
breast carcinomas and fibroadenomas [25]. ADAM12
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has been shown to be highly expressed in breast carci-
noma cells [9] and to take part in the formation of mult-
inucleated giant cell tumours of bone [31]. Gliomas
comprise a large group of tumours with different cyto-
morphological characteristics, including astrocytomas,
oligodendrogliomas, and ependymomas. Of particu-
lar importance for an accurate diagnosis and adequate
treatment is the recognition of oligodendrocyte-derived
neoplasms, since the clinical course and optimal thera-
peutic approach differs from that of other gliomas. Pre-
vious studies showed that oligodendrogliomas respond
better to chemotherapy than astrocytomas of compara-
ble grade [6,33]. Moreover, the presence of oligoden-
droglial features in high grade astrocytomas appears to
be associated with a better prognosis [5,10]. Thus, the
establishment of a reliable oligodendroglioma marker
is of particular clinical importance.

However, a specific marker which specifically rec-
ognizes oligodendrogliomas only, but no other mem-
bers of the glioma family, is still lacking. Among the
proteins tested so far are cell type-specific marker pro-
teins of mature oligodendroglial cells such as 2’,3’-
cyclic nucleotide phosphodiesterase, myelin basic pro-
tein (MBP), myelin associated glycoprotein (MAG),
myelin proteolipids, and galactolipids. Unfortunately,
the expression patterns of these markers observed in
oligodendroglial neoplasms considerably limit their ap-
plication [12,22,29]. A second group of genes/proteins
examined included those expressed in undifferentiat-
ed oligodendrocyte precursor cells such as chondroitin
sulfate proteoglycan (NG2) and the alpha receptor of
platelet-derived growth factor (PDGFαR) [4,7,17,23].
In a study performed by Shoshan et al. [28], both pro-
teins were found to be differentially expressed in oligo-
dendroglial tumours, but also in pilocytic astrocytomas
and, though to a lesser extent, even in glioblastomas.
Additionally, in vitro experiments have demonstrated
that NG2 also detects so-called O-2A cells, which are
generally accepted to be progenitors of both oligoden-
droglia and type 2 astrocytes. Under serum-free con-
ditions, these precursor cells (O-2A) differentiate into
oligodendroglial cell type, whereas in the presence of
serum they develop to type 2 astrocytes [26].

Two independent reports proposed Olig 1 and Olig 2
to be useful oligodendroglia markers that showed only
faint expression in other gliomas [19,20]. However,
recent studies demonstrated similar protein levels of
both Olig 1 and 2 in oligodendrogliomas and astrocy-
tomas [3,24].

We have demonstrated that ADAM 12 is specifically
localized in rat and human oligodendrocytes [2], and

in this context we thought that this protein could be
used as a possible and exclusive marker in the recog-
nition of oligodendrogliomas. However, a relatively
recent report demonstrating overexpression of ADAM
12 also in human glioblastomas [14], seems to argue
against a selective role of this protein in the formation
and progression only of oligodendrogliomas. Hence,
the present study was undertaken to learn more about
the occurrence of this metalloprotease in various hu-
man glial neoplasms. Special attention was paid to
oligodendroglial cell-derived tumours.

2. Materials and methods

2.1. Normal human brain tissue

All brains were obtained from pathologists or med-
ical examiners with full consent of each family and in
accordance to the ethics and rules outlined by German
law and the local ethics committee of the University
of Magdeburg. Brains of four individuals without neu-
rological or psychiatric disorders (two males, 49 and
63 years, two females, 54 and 61 years) were studied.
Brains were removed within 48 hours after death. The
tissue preparation was as described in another relevant
study, which was carried out by our group [2]. Briefly,
brains were fixed in toto in 8% phosphate-buffered
formaldehyde (pH 7.0). After embedding the brains
in Paraplast, serial coronal sections were cut on a mi-
crotome and mounted. Every 50th section was stained
for morphological orientation (Nissl and Heidenhain-
Woelcke). Sections containing the prefrontal and the
orbitofrontal cortex as well as subcortical white matter
were studied.

2.2. Tumour tissues and glial cell lines

Thirty two formalin-fixed, paraffin-embedded biop-
sy samples were used for immunohistochemical inves-
tigations. All samples were retrieved from the files of
the Institute of Neuropathology, University of Magde-
burg. Specimens were accumulated between 1996 and
2003. Diagnoses were established according to the
2007 World Health Organization (WHO) classification
of brain tumours using conventional H&E stained sec-
tions, together with appropriate immunohistochemical
markers [13]. For sixteen cases, additional frozen tu-
mour material which had been snap-frozen in liquid
nitrogen and stored at −80◦C was available. We stud-
ied by immunohistochemistry five diffuse astrocytomas
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(WHO grade II), six anaplastic astrocytomas (WHO
grade III), five glioblastomas multiforme (WHO grade
IV) without an apparent oligodendroglial component in
H&E stained sections, five oligodendrogliomas (WHO
grade II), six anaplastic oligogendrogliomas (WHO
grade III), and five oligoastrocytomas (WHO grade II).

The human malignant glioma cell line U138MG was
purchased from the American Type Culture Collec-
tion (ATCC) and grown to 80% confluency in Earl’s
modified Eagle’s medium (EMEM) from PAA labora-
tories (Linz, Austria), supplemented with 10% heat-
inactivated foetal calf serum (FCS, PAA).

2.3. Immunohistochemistry

For immunohistochemistry, 4-μm-thick paraffin sec-
tions of the tumour specimens were dewaxed with xy-
lene for 15min and dehydrated through a series of grad-
ed alcohols. Sections were pretreated in a microwave
oven using 0.01 M sodium acetate buffer (pH 6.0) for 3
×10min. Endogenousperoxidase activitywasblocked
by incubation (30 min) in 0.3% H2O2 in methanol. The
sections were gently rinsed with TBS-buffer and then
incubated with bovine serum albumin for 30 minutes
to reduce non-specific binding. Sections were incubat-
ed with a mouse monoclonal antibody against human
ADAM 12 (BIOMOL, dilution: 1:400). Negative con-
trols included omission of the primary antibody, its sub-
stitution by an irrelevant mouse monoclonal antibody
and preabsorption of the antiserumby the synthetic pep-
tide which was used to generate the antibody (peptide
SA-378 from Biomol, for details see [2]). The signal
was detected using the streptavidin-biotin-peroxidase
complex method according to the manufacturer’s rec-
ommendation (DAKO, Hamburg, Germany). DAB (3,
3’diaminobenzidine hydrochloride containing 0.08%
hydrogen peroxide) was used as a chromogen to visu-
alize the peroxidase activity. Finally, the sections were
counterstained with hematoxylin-eosin. In case of hu-
man brain sections the colour reactionwas enhanced by
ammonium sulfate solution as described in our previous
study [2]. Glial fibrillary acidic protein (GFAP) was
immunolocalized on consecutive sections to those im-
munostained for ADAM 12 by using amonoclonal anti-
body (DAKO). The primary dilutionwas 1:100 in phos-
phate buffered saline (PBS). The visualization of the re-
action product was as for ADAM12. For three selected
cases out offive of oligoastrocytomas double immunos-
tainings for ADAM12 and GFAP were carried out using
alternative staining protocols and chromogens (Ventana
AEC [3-amino-9-ethylcarbazole] Basic Detection-Kit

from Vetor Labs. yielding intense red-purblish colour,
combined with 3, 3’-diaminobenzidine yielding brown
colour). The infrequent occurrence of pale yellowish-
green metachromasia of AEC pointing to lower con-
centration of the protein to be detected was considered
as recommended by Koretz et al. [15].

For confocal imaging of ADAM 12 localization
in the malignant human glioma cell line U138MG,
cells were grown for 24 hours on poly-L-lysine-treated
microscopic slides. The cells were fixed in ice-cold
4% paraformaldehyde (PFA), followed by staining for
ADAM 12 and glial fibrillary acidic protein (GFAP;
DAKO, Hamburg; 1:100). Cy3 and Red-x (both at 1:50
dilution; Jackson ImmunoResearch, West Grove, PA)
were used as secondary antibodies. Slides were then
mounted in DPX (Fluka, Neu-Ulm, Germany), cov-
erslipped, and examined using a Leica TCS-NT laser
scanning confocal microscope (Heidelberg, Germany).

2.4. Semi-quantitative evaluation of ADAM 12 and
GFAP immunostainings in tissues

The density of ADAM 12 immunoreactive oligoden-
drocytes in normal humanbrain tissue was estimated by
counting stained cell profiles using a counting grid. The
percentage of ADAM 12 expressing oligodendroglial
cells was calculated by comparing the number of im-
munostained cells with the total number of oligoden-
droglial cells after counterstaining with Nissl [2]. Im-
munolabeling of other cell types was not observed.
Due to the quite uneven distribution of ADAM12 and
GFAP immunoreactive cells within individual tumours,
the use of a counting grid was not ingenious. Instead,
two independent investigators blinded to the diagnosis
(D. K. and H.-G. B.) carefully inspected each stain-
ing pattern and assessed the number of immunoreactive
objects regardless of intensity of intracellular staining.
[between (0): no immunostained and (++++): > 75%
immunostained neoplastic cells]. By comparing the
ratings thereafter an inter-rater reliability (the relative
observed agreement between raters) of about 0.9 was
achieved.

2.5. Real-time PCR

Total RNA was extracted from a total number of six-
teen frozen samples, eight oligodendrogliomas (grades
II and III, four samples for each grade) and eight astro-
cytomas (grades II and III, four samples for each grade)
using the RNeasy Mini Kit from Qiagen (Hilden, Ger-
many) following the recommended protocol. The re-



84 D. Kanakis et al. / ADAM 12 in gliomas

Table 1
ADAM 12 immunoexpression in human gliomas. The semi-quantitatively assessed percentage of immunostained neoplastic cells is given with
crosses in brackets

Diagnosis (N) ADAM12 Immunostaining GFAP Immunostaining

Oligodendroglioma WHO grade II (5) 5 / 5 (+++) 2 / 5 (+)
Anapl. Oligodendrogl. WHO grade III (6) 6 / 6 (++) 5 / 6(+)
Oligoastrocytoma WHO grade II (5) 5 / 5 (++) 5 / 5 (++)
Diffuse astrocytoma WHO grade II (5) 3 / 5 (2: 0; 1: ++; 2: +) 5 / 5 (+++)
Anapl. astrocytoma WHO grade III (6) 3 / 6 (3: 0; 3: +) 6 / 6 (+++)
Gliobl. multiforme WHO grade IV (5) 3 /5 (2: 0; 2: +; 1: ++) 5 / 5 (+++)

N number of cases; Percentage of immunostained neoplastic cells (0): no positive cells, (+): < 25%, (++) : 25–50%, (+++) : 51–75%, (++++):
> 75%. Immunostaining expression in more than 75% of neoplastic cells was not observed in any of the tumours studied.

Fig. 1. ADAM 12 immunoreactive white matter oligodendrocytes in normal human postmortem brain. (Magnification x400). (Colours are
visible in the online version of the article; http://dx.doi.org/10.3233/DMA-120953)

sulting RNA was quantified spectrophotometrically us-
ing aGeneQuant (Pharmacia LKB, Freiburg,Germany)
and stored at −80◦C until further required. One μg
total RNA was transcribed into first strand cDNA us-
ing AMV reverse transcriptase (Promega, Mannheim,
Germany) and random hexanucleotides (Roche Diag-
nostics, Germany), according to Arndt et al. [1].

Quantitative PCR was performed on one twentieth
of the reverse transcription reaction, using the iCycler
(real-time PCR device, Bio-Rad, Munich, Germany).
All samples were analyzed in triplicate. A 25 μl reac-
tion mixture consisted of 12.5μl of HotStarTaqMaster-
Mix (Qiagen, Hilden, Germany), 0.25μl of Fluorescein
Calibration Dye (BioRad, Munich, Germany), 0.25 μl
of SYBR Green I (Molecular Probes, Eugene, Oregon)
and 0.5 μmol/L of the specific primers for ADAM 12
(forward: 5’- gCTgATgAAgTTgTCAgTgC; reverse:
5’-gAgACTgACTgCTgAATCAg). Primers were syn-
thesized by BioTeZ (Berlin, Germany). Initial denat-
uration and activation of Taq polymerase at 95◦C for

15 min was followed by 40 cycles with denaturation
at 94◦C for 30 sec, annealing at 62◦C for 30 sec,
and elongation at 72◦C for 30 sec. A final extension
step was performed at 72◦C for 5 min. An aliquot
(7 μl) of each reaction mixture was applied to a 1.4 %
agarose gel, electrophoresed in Tris-acetate buffer and
then stained with ethidium bromide. -actin mRNA
amounts were used to normalize cDNA contents for
any variability in RNA amounts or integrity (forward:
5’- AAgATgACCCAgATCATgTTTgAg; reverse: 5’-
AggAggAgCAATgATCTTgATCTT).

3. Results

On normal human brain sections we were able to
confirm our previous result that about 75% of all gray
matter oligodendrocytes and about 60% of white mat-
ter oligodendrocytes express immunohistochemically
detectable ADAM 12 (Fig. 1) [2].
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Fig. 2. Oligodendroglioma grade II. A vast majority of cells expresses ADAM 12. (Magnification x200). (Colours are visible in the online
version of the article; http://dx.doi.org/10.3233/DMA-120953)

Fig. 3. Oligodendroglioma grade III. Many cells are immunoreactive for ADAM 12. (Magnification x200). (Colours are visible in the online
version of the article; http://dx.doi.org/10.3233/DMA-120953)

The distribution of immunohistochemical ADAM
12-expression in common astrocytic and oligoden-
droglial tumours is summarized in Table 1. The im-
munohistochemical analysis revealed the presence of
ADAM 12 in both low grade (WHO Grade II) and
anaplastic (WHO Grade III) oligodendrogliomas and,
though to a lesser extent, also in the diffuse (WHO
Grade II) and anaplastic (WHOGrade III) astrocytomas
which showed the well-known distribution pattern of

GFAP. With regard to oligodendrogliomas, ADAM 12
was seen in all cases under investigation. However,
the immunohistochemical expression pattern of the en-
zyme protein was dependent on the grade of the tu-
mour on one hand, and on the topography of the tu-
mour on the other. Invasion margins of the tumors
stood out by a more intense staining. The number of
cells that stained positive for ADAM 12 in the grade
II oligodendrogliomas approximately equaled that in
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Fig. 4. A great number of “minigemistocytes”, with their characteristic histologic features, regionally localized within an oligoastrocytoma
(H&E; Magnification × 400). (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/DMA-120953)

Fig. 5. The majority of “minigemistocytes” in Fig. 4 showed strong positivity for GFAP (Magnification x400). (Colours are visible in the online
version of the article; http://dx.doi.org/10.3233/DMA-120953)

non-neoplastic brain tissue; about 70% of cells strongly
expressed the protein (Fig. 2). In grade III oligoden-
drogliomas, a fraction of about 40–50%of all oligoden-
drocytes were found to contain ADAM12 immunore-
active material (Fig. 3).

In case of oligoastrocytomas (also called mixed
gliomas), the antibody for ADAM 12 bound specifical-
ly to a subpopulation of neoplastic cells, which were
predominantly localized in such areas corresponding
to a characteristic histological oligodendroglial pat-

tern (so called “honeycomb” or “chickenwire” appear-
ance). In one case diffuse positive ADAM staining
was found within a region consisting almost entirely of
“minigemistocytes” with round to oval, eccentrically
situated nuclei and abundant globoid cytoplasm lack-
ing cell processes (Fig. 4). These cells were in their
majority positive for GFAP (Fig. 5).

Interestingly, in these mixed tumours no co-localiza-
tion of ADAM 12 and GFAP was observed (i.e. these
two antibodies bound to different cells, thus recogniz-
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Fig. 6. A case of an oligoastrocytoma with an apparent border between the two consisting entities, demonstrated here as obviously separated
staining patterns of ADAM12 and GFAP. Double immunostaining with antibodies against ADAM 12 (red colour) and GFAP (brownish colour)
proteins. (Magnification x100). (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/DMA-120953)

Fig. 7. GFAP positive astrocytes (brownish colour) with a prominent and characteristic perivascular localization, whereas in the surrounding
neoplastic tissue mixed populations of GFAP positive astrocytes and ADAM12 positive oligodendroglia are diffusely intermingled. (Magnification
x200). (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/DMA-120953)

ing distinct tumour entities). The ability of ADAM 12
and GFAP antisera to discriminate different cell types
is demonstrated within areas of no obvious architec-
tural characteristics of one or the other tumour cell
type. On the contrary, in regions where both tumour
entities (astrocytic and oligodendroglial) are almost en-
tirely separated from each other on grounds of typi-
cal histological patterns, the expression of ADAM 12

and GFAP demonstrated clear borders (Fig. 6). Double
staining for ADAM12 and GFAP revealed that GFAP
neoplastic cells were prominently localized around ves-
sels (Fig. 7). In fact, anti-GFAP stains cells that pos-
sess the typical characteristics of normal astrocytes or
their neoplastic counterparts, whereas anti-ADAM 12
recognises another population of cells which in turn
does not express GFAP. However, in case of oligoastro-
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Fig. 8. Double immunostaining (ADAM 12 and GFAP) in an oligoastrocytoma showing an area with the typical “honeycomb” (“chickenwire“)
structure. Note that different cell populations are labelled. (Magnification x400). (Colours are visible in the online version of the article;
http://dx.doi.org/10.3233/DMA-120953)

Fig. 9. Another case of an oligoastrocytoma with a “honeycomb“ (“chickenwire“) pattern, which according to Fig. 8 consists of two
immunohistochemically distinct subpopulations of oligodendroglia cells, which however show no obvious morphological differences in routine
H&E staining (H&E; Magnification x200). (Colours are visible in the online version of the article; http://dx.doi.org/10.3233/DMA-120953)

cytomas, it was obvious that within areas of the tumour
where the typical ‘honeycomb” (“chickenwire”) pat-
tern of oligodendrogliomas could be seen, there were
also some cells which stained for GFAP next to the
ADAM 12 positive cells (Fig. 8). These cells had the
same morphological characteristics as the ADAM 12
positive oligodendroglia, namely, round, centrally lo-
cated nuclei surrounded by scanty perinuclear cyto-
plasm without prominent cell processes. It could be

speculated that these cells belong to a subpopulation
of oligodendrogliawhich are morphologically indistin-
guishable from their “close neighbours” in the routine
H&E preparations (Fig. 9), from which they differ only
in the immunostaining profile, namely expression of
GFAP instead of ADAM 12.

In some tumours ADAM 12 immunoreactivity was
also associated with blood lymphocytes which is in ac-
cordance with observations made by us and others [2,
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Fig. 10. Presence of ADAM 12 immunoreactive cells in a glioblas-
toma. Bar = 15 µm. (Colours are visible in the online version of the
article; http://dx.doi.org/10.3233/DMA-120953)

32]. ADAM 12-immunoreactive tumour cells were al-
so seen in three of five glioblastomas (Fig. 10). In
cultured U138MG glioma cells both ADAM 12 and
GFAP were found to be equally well expressed both in
percentage of stained cells and intensity of immunos-
taining. Moreover, the two stains showed a noticeable
overlapping (Fig. 11 A-D).

Quantitative RT-PCR revealed the presence of only
mild differences in the amounts of ADAM 12 mRNA in
oligodendrogliomas and astrocytomas when analyzed
independently of grading. However, by comparing low
grade with high grade tumours, about 18fold higher
ADAM 12 mRNA amounts were detected in the low
grade samples (2917 ± 1191 vs. 157 ± 133 units, P <
0.05) (Fig. 12).

4. Discussion

The present study describes for the first time the con-
sistent expression of ADAM 12 in oligodendroglial tu-
mours irrespective of their histological grading. Our
preliminary results demonstrate a fairly specific recog-
nition of neoplastic oligodendrocytes both in pure
oligodendrogliomas and in oligoastrocytomas (mixed
gliomas), whereby the antiserum apparently detects
a subpopulation of neoplastic oligodendrocytes rather
than the entire tumour specimen. This was evident
in pure oligodendrogliomas as well as in oligoastro-

Fig. 11. Glioma cell culture. Bar = 60 µm. 11a. ADAM 12;
11b. GFAP; 11c. Merged; 11d. Control (omission of both antisera).
(Colours are visible in the online version of the article; http://dx.doi.
org/10.3233/DMA-120953)

Fig. 12. ADAM 12 mRNA-expression of low and high grade oligo-
dendroglial and astrocytic tumours. Low grade tumours contain
about 18fold higher ADAM mRNA amounts than their high grade
counterparts (∗P = 0.04, n = 7).

cytomas. The latter tumours showed an obvious dif-
ference between two otherwise cytomorphologically
undistinguishable oligodendroglia subpopulations that
are intermingled with each other in the typical oligo-
dendroglial areas. One of them showed exclusively
positive staining for ADAM 12, whereas the other ap-
peared entirely positive forGFAP. Therewas no overlap
between these two oligodendroglial cell groups since a
co-localization of the two antibodies was not observed.
The presence of GFAP positive cells within neoplas-
tic oligodendrocytes has to be regarded regular and
has been quite extensively documented in previous re-
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ports by others [8,21,34]. In a study presented by Her-
pers and Budka [8] the term “gliofibrillary oligoden-
drocytes” (gfoc) was used exclusively to describe these
cells and the term gliofibrillary oligodendrogliomawas
subsequently introduced for the neoplasms consisting
largely of gfocs. These so called “transitional” cells,
which include the gliofibrillary oligodendrocytes and
the minigemistocytes, were encountered to a variable
extent and number either separately or in combination
in all oligodendrogliomas, and only in one oligoastro-
cytoma. Consequently, this oligoastrocytoma should
be named “transitional oligoastrocytoma” to better dis-
tinguish it from the classical oligoastrocytomas that are
composed mainly of two distinct and non-transitional
cell populations.

Both immunohistochemistry and quantitative RT-
PCR revealed highest expression levels of ADAM 12
in low grade tumours. These findings are at variance to
results which were recently reported by Kodama et al.
[14] in that these authors saw a selective overexpres-
sion of ADAM 12 in human glioblastoma compared to
non-neoplastic brain tissues, low grade and anaplastic
astrocytic tumours as well as intracranial neurinomas.
It must be emphasized, however, that the mentioned in-
vestigators did not include oligoastrocytomas into their
study. Interestingly enough, this group did not de-
tect significant amounts of ADAM 12 in non-neoplastic
human brain material. Our immunohistochemical and
molecular biological investigations ([2] and the present
study) show that ADAM 12 is consistently expressed
in most oligodendrocytes of the normal brain, although
its precise function remains to be elucidated fully. Our
data regarding the evolution from lower to higher grade
also suggest a specific role of ADAM 12 within a nar-
row range of early tumour development. The possible
contribution of ADAM 12 in specific tumour functions
such as growth, invasion, and angiogenesis should be
addressed in future studies.

In summary, we propose that ADAM 12 may be
helpful in identifying and quantifying large subpop-
ulations of oligodendroglial cells in oligodendroglia-
derived tumours and in mixed tumours. Its specifici-
ty and selectivity is quite comparable to that of other
previously established markers of oligodendroglioma,
such as Olig 1 and Olig 2 [18,20,24]. Hence, the search
for a really selective immunohistochemical marker for
oligodendrogliomas must be continued.
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