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Allelic losses on 19q are found in the majority of oligodendroglial tumors and
approximately one-third of diffuse astrocytomas. However, the tumor suppressor
genes (TSG) on 19q are still elusive. Using cDNA microarray expression profiling, EMP3
at 19q13.3 was among those genes showing the most pronounced expression differ-
ences. In line with this, other authors reported EMP3 as being epigenetically silenced
in neuroblastomas and astrocytomas. To further investigate EMP3 as a TSG candidate
on 19q13.3, we performed molecular analysis of this gene in 162 human gliomas.
Mutation analysis did not reveal EMP3 alteration in 132 gliomas. In oligodendroglial
tumors, we found that aberrant methylation in the 5¢-region of EMP3 was significantly
associated with reduced mRNA expression and LOH 19q. In astrocytomas, EMP3 hyper-
methylation was also paralleled by reduced expression but was independent of the 19q
status. EMP3 hypermethylation was detected in more than 80% of diffuse, anaplastic
astrocytomas and secondary glioblastomas. Primary glioblastomas, however, mostly
lacked EMP3 hypermethylation and frequently overexpressed EMP3. Our data corrob-
orate that oligodendroglial and astrocytic gliomas often show EMP3 hypermethylation
and aberrant expression. Furthermore, our findings suggest that primary and second-
ary glioblastomas are not only characterized by distinct genetic profiles but also differ
in their epigenetic aberrations.

Brain Pathol 2007;17:363–370.

INTRODUCTION

Allelic losses affecting the long arm of
chromosome 19 (19q) are frequently found
in oligodendroglial and astrocytic tumors
(29, 30, 40). In oligodendroglial tumors,
including oligodendrogliomas World Health
Organization (WHO) grade II (OII), ana-
plastic oligodendrogliomas WHO grade III
(OIII), oligoastrocytomas WHO grade II
(OAII) and anaplastic oligoastrocytomas
WHO grade III (OAIII), 19q losses are
already frequent in the low-grade (WHO
grade II) tumors indicating a role early in
tumor development (9, 30). In contrast, dele-
tions of 19q are more commonly detected
in anaplastic astrocytomas WHO grade III
(AIII) as compared with diffuse astrocytomas
WHO grade II (AII), suggesting a progres-

sion-associated role in these tumors (38–40).
Another difference between astrocytic and
oligodendroglial tumors consists in the extent
of 19q losses and their association with losses
on 1p. The vast majority of oligodendroglial
tumors demonstrate deletions of the entire
19q arm while interstitial and smaller telo-
meric deletions are more frequent in astro-
cytomas (9, 30). Furthermore, 19q deletions
in oligodendroglial tumors usually occur in
combination with deletions of the short arm
of chromosome 1 (1p), whereas such co-
deletions are rare in astrocytomas (10, 30,
40). The different deletion patterns may be
explained by the frequent presence of unbal-
anced t(1;19)(q10;p10) translocations in oli-
godendroglial but not astrocytic tumors (7,
15).

Approximately 50% of the mixed oli-
goastrocytomas carry the oligodendro-
glioma-associated 1p and 19q deletions
while approximately 30% contain TP53
mutations, which is a hallmark alteration
in diffuse astrocytic gliomas (23, 30). The
most malignant astrocytic tumor, glioblas-
toma multiforme (GBM), also exhibits 19q
deletions at more than random frequency.
However, 19q deletions are less frequent
in primary glioblastomas (pGBM), which
develop de novo with a short clinical history,
than in secondary glioblastomas (sGBM),
which develop by progression from a pre-
existing lower grade glioma (24). Com-
bined 1p and 19q deletions are rare in both
types of glioblastoma (24, 40).

Patients with oligodendroglial tumors
exhibiting combined 1p and 19q losses
have a more favorable clinical outcome
when compared with those patients whose
tumors have retained both chromosomal
arms (3, 36). The reasons for the better
prognosis of patients with combined 1p
and 19q losses are still unknown. Further-
more, the relevant tumor suppressor genes
(TSG) on both chromosome arms have
not been identified yet. Allelic deletion
studies hinted towards a smallest region of
overlapping deletions at 19q13.3; however,
mutation analyses of TSG candidates from
this region failed to detect any mutations
(9). Therefore, epigenetic alterations, in
particular aberrant methylation of CpG
sites in the 5′-CpG-rich region of putative
TSG, have become a major focus of inter-
est. A few genes on 19q have been reported
as being aberrantly methylated and tran-
scriptionally silenced in 19q-deleted glio-
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mas. These include the ZNF342 zinc finger
transcription factor gene at 19q13 (13)
and the maternally imprinted, paternally
expressed gene PEG3 at 19q13.4 (34). In
glioma cell lines, expression of both genes
could be restored by the treatment with 5-
aza-2′-deoxycytidine (13, 20). However,
19q losses in oligodendroglial tumors
affect maternal and paternal alleles in a
random fashion (8), which argues against
a major role of imprinted genes like PEG3
in these neoplasms.

Recently, the epithelial membrane pro-
tein 3 gene (EMP3) at 19q13.3 has been
reported to show frequent promoter meth-
ylation in high-grade astrocytomas and in
neuroblastomas (1), which both are tumor
entities showing frequent allelic deletions
at 19q13.3 (22, 29, 40). EMP3 expression
could be restored by 5-aza-2′-deoxycyti-
dine treatment of neuroblastoma cell lines
and reintroduction of EMP3 into these cell
lines resulted in lower colony formation in
vitro  as well  as in reduced tumor growth
in nude mice, thus indicating a tumor-
suppressive function of EMP3 protein in
neuroblastomas (1). Furthermore, EMP3
promoter methylation was associated with
a less favorable clinical outcome in neuro-
blastoma patients (1). Independent of
these data, we identified EMP3 as an inter-
esting candidate gene in a microarray-
based expression profiling of gliomas with
and without losses on 1p and 19q, which
revealed EMP3 as the gene with the highest
linear expression ratio differences between
1p/19q-deleted vs. non-deleted gliomas
(32). The precise physiological function of
the EMP3 protein has not been resolved
yet. Its homology to PMP22 suggests a role
in cell  proliferation and apoptosis (31).
To further investigate the significance of
EMP3 aberrations in human gliomas, we
performed a systematic molecular analysis
of this gene in a large series of oligoden-
droglial and astrocytic gliomas.

MATERIAL AND METHODS

Tissue samples and DNA/RNA
extraction. Human glioma tissue samples
were collected at the Department of Neu-
ropathology, Charité, Berlin, and at the
Department of Neuropathology, Heinrich
Heine University, Düsseldorf. All samples
were analyzed in an anonymized manner
as approved by the local institutional review

boards. Histological classification was per-
formed according to the WHO classifica-
tion of tumors of the nervous system (16).
From each case, a tissue sample was snap-
frozen immediately after operation and
stored at −80°C. A tumor cell content of
at least 80% was histologically determined
for each specimen used for nucleic acid
extraction. DNA and RNA extraction was
performed as reported elsewhere (37).

Loss of heterozygosity analysis of chro-
mosome 19q.  Five microsatellite loci
located on chromosome arm 19q (either
D19S433, D19S431, D19S718, D19S559
and D19S601 or D19S396, D19S219,
D19S1182, D19S572 and D19S210) were
analyzed for loss of heterozygosity (LOH)
in each tumor using non-denaturing poly-
acrylamide gel electrophoresis and silver
staining, as reported elsewhere (6, 11).

Real-time reverse transcription-PCR.
RNA for EMP3 expression analysis was
available from 10 OII, 21 OIII, 2 OAII, 8
OAIII, 9 AII, 10 AIII, 9 pGBM and 9
sGBM. The mRNA expression level of
EMP3 was determined by quantitative
real-time reverse transcription polymerase
chain reaction (RT-PCR) using the Gene-
Amp 5700 sequence detection system
(Applied Biosystems, Darmstadt, Ger-
many). Continuous quantitative measure-
ment of the PCR product was enabled by
intercalation of SYBR Green fluorescent
dye to the double-stranded DNA. The
transcript level of EMP3 was normalized to
the transcript level of ARF1 (ADP-ribosyla-
tion factor 1, NCBI GenBank Accession-
No. M36340). The primer sequences and
PCR conditions for EMP3 and ARF1 are
published elsewhere (1, 5). As reference
tissue, we used commercially available
adult human brain RNA (BD Biosciences,
St. Jose, CA, USA) as well as RNA
extracted from cerebral tissue samples of
two different adult patients who were oper-
ated on for non-neoplastic lesions. One of
the samples was obtained by surgery for
brain trauma and the second one was
obtained at autopsy from a patient who
died from liver failure.

Single-strand conformation polymor-
phism (SSCP) analysis and direct sequenc-
ing. A total of 132 gliomas, including 28
OII, 33 OIII, 5 OAII, 31 OAIII, 7 AII, 15

AIII and 13 pGBM, were screened for
EMP3 mutations. Mutation analysis was
carried out by SSCP analysis followed by
direct DNA sequencing as described (10).
In brief, all four coding exons of EMP3
were amplified by PCR from genomic
DNA. The PCR primer sequences were
as follows: exon 2, sense 5′-tgccaacctct
tgagactcc-3′ and antisense 5′-caagtatc
caaaggggaaca-3′ (184 bp product); exon 3,
sense 5′-tgaccctatcccctctcctt-3′ and anti-
sense 5′-gggtttaccttcccctttga (212 bp); exon
4, sense 5′-gtgatgtccccctctgtgtc-3′ and anti-
sense 5′-caattcttgggggattaggg-3′ (215 bp);
exon 5, sense 5′-atgacgtgtggttttcatctt-3′ and
antisense 5′-aaggaagatcaaggcagagc-3′ (300
bp). PCR products were screened for
mutations by electrophoresis on 8% and
14% nondenaturing polyacrylamide gels.
The SSCP band patterns were visualized by
silver staining of the gels. PCR products
with aberrant SSCP patterns were
sequenced  in  both  directions  on  an
ABI Prism 377 DNA Sequencer (Applied
Biosystems).

Sodium bisulfite sequencing of the
EMP3 5′′′′-CpG-rich region.  A total of 162
gliomas, including 22 OII, 36 OIII, five
OAII, 11 OAIII, 24 AII, 25 AIII, 30
pGBM and nine sGBM, as well as three
non-neoplastic brain tissue samples were
investigated for EMP3 hypermethylation
by sequencing of sodium bisulfite-modi-
fied DNA  using  the  primers  described
by Alaminos et al (1). Sixteen CpG-sites
were evaluated for methylation within a
341-basepair amplicon encompassing the
EMP3 transcription start site. Two differ-
ent methods were applied. For cross-
validation, six tumors were analyzed by
both methods. In total, 89 tumors and
three non-neoplastic control tissues were
investigated by direct sequencing of PCR
products obtained from sodium bisulfite-
modified DNA. Two of the control tissues
were derived from the temporal lobe (cor-
tex and white matter) of two patients oper-
ated on for chronic epilepsy. The third
control  tissue  was  obtained  by  autopsy
and corresponded to macroscopically and
microscopically tumor-free occipital lobe
tissue (cortex and white matter) from a
patient who died of a frontal glioblastoma.
Sodium bisulfite treatment of the DNA
was carried out as described elsewhere (12).
PCR was performed for 40 cycles using
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HotStarTaq DNA polymerase (Qiagen,
Hilden, Germany). PCR products were
purified and directly sequenced by using
the BigDye Cycle Sequencing kit v1.1
(Applied Biosystems). The second method,
which was applied to 73 tumors, involved
modification  of  the  tumor  DNA  using
the EZ DNA Methylation kit (Zymo
Research, USA) according to the manufac-
turer’s instructions and as described before
(27). Following PCR amplification with
the same set of primers, PCR products
were either directly sequenced or cloned
using the TOPO TA Cloning kit (Invitro-
gen, Karlsruhe, Germany). In the case of
cloning, 10 white colonies were picked for
each tumor and sequenced using M13
reverse primers and the BigDye Cycle
Sequencing kit.

Scoring  of  the  methylation  data.  The
directly sequenced samples were scored
according to the ratio of the cytosine to
thymidine peak at each CpG site as fol-
lows: 0—no methylation; 1—weak meth-
ylation, ie, intensity of the methylated
signal lower than 1/3 relative to the unm-
ethylated signal; 2—moderate methyla-
tion, ie, intensity of the methylated signal
between 1/3 and 2/3 relative to the unm-
ethylated signal; 3—strong methylation,
ie, intensity of the methylated signal higher
than 2/3 of the unmethylated signal. Those
cases  that  were  analyzed  by  sequencing
of cloned PCR products were scored as
follows: 0—no methylation in any of 10
clones; 1—weak methylation, ie, methyla-
tion detected in 1–3 of 10 clones; 2—
moderate methylation; ie, methylation
detected in 4–6 of 10 clones; 3—strong
methylation, ie, methylation deteted in 7–
10 of 10 clones. Based on these semiquan-
titative scores, the tumors were subdivided
into two groups: (1) no EMP3 hypermeth-
ylation (methylation score 1, 2, or 3 in less
than 50% of the 16 investigated CpG sites)
vs. (2) EMP3 hypermethylation (methyla-
tion score 1, 2 or 3 in ≥50% of the 16
investigated CpG sites). In addition, a
numerical methylation score was calcu-
lated for each tumor by summing up the
methylation levels (1 to 3) at each of the
16 investigated CpG sites.

Statistical  analyses.  Pairwise compari-
sons of EMP3 methylation scores and
EMP3 expression levels between two inde-

pendent groups were performed by using
the t-test. Two-dimensional contingency
tables were analyzed using Fisher’s exact
test. The log rank test was used for pairwise
comparisons of survival time distributions.
Survival curve estimation using the
method proposed by Kaplan and Meier
was performed with GraphPad Prism 4.
For multivariable analysis of survival time
data Cox’s proportional hazards regression
model was used including EMP3 hyperm-
ethylation, 1p/19q loss, WHO grade and
the patient age at operation. The multivari-
able analysis was done using R, version
2.4.1 (28). All reported P-values are two-
sided. A result was judged as statistically
significant at a P-value smaller or equal to
0.05.

RESULTS

Allelic  losses  on  19q. LOH at one or
more microsatellite markers on 19q was
detected in 16 of 22 OII (73%), 24 of 35
OIII (69%), three of five OAII (60%), five
of 11 OAIII (45%), six of 20 AII (30%),
eight of 23 AIII (35%), 15 of 30 pGBM
(50%) and three of eight sGBM (37.5%)
investigated by microsatellite analysis.

Mutation analysis of EMP3. SSCP ana-
lysis of the entire EMP3 coding region
revealed no mutations in the 132 gliomas
investigated. Two single nucleotide poly-
morphisms were detected in exon 5 in four
patients. These sequence variations (SNP-
DB rs4893 and SNP-DB rs11671746) are
already documented in the SNP database
(http://www.ncbi.nlm.nih.gov/SNP/).

Hypermethylation  of  EMP3.  EMP3
hypermethylation, as defined by a methy-
lation score of 1, 2 or 3 in ≥50% of the
investigated CpG sites, was detected in 16
of 22 OII (73%), 28 of 36 OIII (78%),
four of five OAII (80%), eight of 11 OAIII
(73%), 20 of 24 AII (83%), 21 of 25 AIII
(84%), five of 30 pGBM (17%) and eight
of nine sGBM (89%) (Figures 1 and 2A).
DNA extracted from three non-neoplastic
brain samples exhibited no EMP3 hyper-
methylation (Figures 1 and 2A).

The extent of EMP3 hypermethylation,
as defined by adding the individual meth-
ylation levels (0–3) at each of the 16 inves-
tigated CpG sites, was significantly higher
in OII, OIII and oligoastrocytomas (OAII

and OAIII) with 19q deletions when com-
pared with OII, OIII and oligoastrocyto-
mas without 19q deletions, respectively
(Student’s t-test, OII P = 0.01, OIII
P < 0.001, OAII+OAIII P = 0.02). In
astrocytic tumors, the extent of EMP3
hypermethylation was not significantly
associated with the allelic status on 19q.
The frequency (Fisher’s exact test,
P < 0.001) and extent of EMP3 (Student’s
t-test, P < 0.001) hypermethylation were
significantly higher in sGBM (n = 9) when
compared with pGBM (n = 30). In fact,
most sGBM exhibited methylated CpG
sites  in  the  5′-region  of  EMP3  whereas
the  majority  of  pGBMs  were  without
any methylated cytosine in this region
(Figure 1). Furthermore, three of the five
pGBM with EMP3 hypermethylation car-
ried a combined deletion of 1p and 19q.
Upon histological review, each of these
three tumors showed areas of oligoden-
droglial differentiation, thus correspond-
ing to glioblastoma with oligodendroglial
component.

EMP3  mRNA expression. Quantitative
real-time PCR analysis for EMP3 mRNA
expression was performed in 41 oligoden-
droglial and 37 astrocytic gliomas
(Figure 1). Sixteen of 41 oligodendroglial
tumors (39%) but only four of 37 astro-
cytic tumors (11%) exhibited reduced
EMP3 mRNA levels by at least 50% rela-
tive to non-neoplastic brain tissue. The
EMP3 transcript levels were significantly
lower in oligodendroglial tumors with
allelic losses on 19q when compared with
oligodendroglial tumors without 19q
losses [mean relative expression level of
0.83 (n = 27) vs. 9.97 (n = 13), P = 0.01,
Student’s t-test] (Figure 2B). In contrast,
astrocytic tumors did not demonstrate sig-
nificantly different EMP3 transcript levels
when tumors with and without 19q
deletions were compared [mean relative
expression level of 38.34 (n = 12) vs.
10.36 (n = 18), P = 0.08, Student’s t-test].
However, EMP3 mRNA expression was
significantly higher in pGBM when com-
pared with either sGBM [mean relative
expression level of 60.44 (n = 9) vs. 5.01
(n = 9), P = 0.008] or AII [mean relative
expression level of 1.21 (n = 9),
P = 0.005] and AIII [mean relative expres-
sion level of 6.60 (n = 10), P = 0.009, all
Student’s t-test].

http://www.ncbi.nlm.nih.gov/SNP/
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Figure 1. Schematic re-
presentation of the re-
sults obtained in 162
gliomas and three non-
neoplastic brain tissue
samples (NB1-3) con-
cerning allelic deletions
on 19q, EMP3 mRNA ex-
pression and EMP3 hy-
permethylation. Methyl-
ation at each of the 16
investigated CpG sites in
the EMP3 promoter re-
gion was determined as
described in Materials
and Methods. The loca-
tion of the transcription
start site is indicated on
the top of the figure. The
results are represented
in a 4-tiered semiquanti-
tative grey-scale pat-
tern: white square, not
methylated (0); light
gray, weakly methylated
(1); gray, moderately
methylated (2); black,
strongly methylated (3).
EMP3 mRNA expression
was determined by real-
time reverse transcrip-
tion-polymerase chain
reaction analysis and
normalized to the mRNA
expression of ARF1. The
EMP3 expression levels
shown are calculated
relative to non-neoplas-
tic brain tissue. LOH =
loss of heterozygosity;
RET = retention of het-
erozygosity; n.d. = not
determined.
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In oligodendroglial tumors EMP3
mRNA levels were significantly lower
(P = 0.006, Student’s t-test) and more
commonly reduced (P = 0.03, Fisher’s
exact test) in tumors with EMP3 hyperm-
ethylation (n = 34) when compared with
tumors without EMP3 hypermethylation
(n = 7) (Figure 2B). Similarly, EMP3
hypermethylation in astrocytic gliomas (25
methylated vs. 12 unmethylated tumors)
was significantly associated with lower

transcript levels (P = 0.005, Student’s t-
test).

Correlation of EMP3 hypermethylation
with survival data. To assess the relation-
ship between  EMP3  hypermethylation
and patient survival, we investigated 46
patients with oligodendroglial tumors (21
WHO grade II, 25 WHO grade III) and
available follow-up data (6). Univariable
analysis revealed that EMP3 hypermethy-

lation was associated with longer overall
survival in the entire group of 46 patients
(P = 0.0323) (Figure 3A). However, only
eight  tumors  (three  WHO  grade  II  and
five WHO grade III) among the 46 cases
lacked EMP3 methylation. Furthermore,
multivariable analysis using Cox’s propor-
tional hazards regression model identified
1p/19q loss (P = 0.04) but not EMP3
hypermethylation (P = 0.81) as an inde-
pendent indicator of better prognosis in
our patient cohort. In line with this find-
ing, univariable analysis of the 25 patients
with WHO grade III tumors revealed no
significant survival differences between
EMP3 hypermethylated and unmethylated
tumors (P = 0.44, Figure 3B). In contrast,
significant associations were found
between the 1p/19q allelic status and over-
all survival in the entire group of 46
patients as well as the subgroup of 25
patients with anaplastic tumors
(Figure 3C,D).

DISCUSSION

The EMP3 gene has been suggested as
an interesting candidate TSG in gliomas by
two independent studies. While Alaminos
et al. (1) detected EMP3 hypermethylation
in 39% of the investigated malignant astro-
cytic gliomas, we found a differential
expression of EMP3 transcripts between
gliomas  with  and  without  allelic  losses
on  1p  and  19q  (32).  Here  we  report  on
a detailed molecular characterization of
EMP3 aberrations in a large series of 162
astrocytic and oligodendroglial tumors,
looking specifically for coding region
mutations, DNA hypermethylation and
mRNA expression levels. In line with our
microarray data (32), quantitative real
time-PCR analysis revealed that oligoden-
droglial tumors with 19q losses had sig-
nificantly lower mRNA levels when
compared with oligodendroglial tumors
without 19q losses. Furthermore, we found
that EMP3 hypermethylation is frequent
in oligodendroglial tumors and sig-
nificantly associated with allelic losses on
19q as well as reduced EMP3 mRNA
expression. Taken together, our data indi-
cate biallelic inactivation of EMP3 by loss
of one allele and epigenetic silencing of the
other allele in the vast majority of 19q-
deleted oligodendroglial tumors, thereby
providing support for the hypothesis that
EMP3 is a TSG candidate at 19q13 in

Figure 2. EMP3 hypermethylation and mRNA expression analysis in oligodendrogliomas and oligoastrocy-
tomas of WHO grade II and III. A. Sequencing of parts of the EMP3 5′-CpG-rich region after sodium bisulfite
modification revealed methylation of CpG sites in tumor O22 (arrowheads in upper lane) but not in
tumor AO22 and in a non-neoplastic brain tissue sample (NB2) (middle and lower lane) (shown is the
reverse sequence from chr. 19 nucleotides 53520611 to 53520671, UCSC genome browser, Mar 2006
(hg18) assembly, http://genome.ucsc.edu/). B. Dot plot diagrams of EMP3 expression levels in oligoden-
droglial tumors with (n = 34) and without (n = 7) EMP3 hypermethylation (left side; meth., EMP3 hyper-
methylated; non-meth., EMP3 not hypermethylated), as well as with (n = 27) and without (n = 13) allelic
losses on 19q (right side; LOH = loss of heterozygosity; RET = retention of heterozygosity). Note signifi-
cantly lower mean expression levels (indicated by horizontal bars) in tumors with EMP3 hypermethyla-
tion (P = 0.01; Student’s t-test) and tumors with 19q losses (P = 0.01).

http://genome.ucsc.edu/
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oligodendroglial tumors. However, this
conclusion is at variance with a study
recently published by Li et al (19). These
authors also found frequent EMP3 hyper-
methylation in oligodendroglial tumors
but did not detect an association between
EMP3 methylation and expression. Never-
theless, they also found 19q losses in the
majority of oligodendroglial tumors with
low EMP3 expression while tumors with
EMP3 overexpression had invariably
retained both copies of 19q (19).

Our data also show that structural alter-
ations of EMP3, in particular tumor-asso-
ciated mutations in its coding sequence,
are rare or absent in both oligodendroglial
and astrocytic gliomas. Thus, EMP3
appears to belong to a growing class of
TSG candidates that are preferentially
altered by epigenetic mechanisms.
Recently identified examples of genes
showing frequent epigenetic silencing but
rare or absent mutations in gliomas include
the CTMP (carboxyl-terminal modulator
protein) gene at 1q22 in glioblastomas
(18), the CITED4 (CBP/p300-interacting
transactivator with glutamic acid/aspartic
acid-rich carboxyl-terminal domain 4)

gene  at  1p34  in  oligodendrogliomas
with 1p deletion (33), the RASSF1 (Ras
association  domain  family  protein  1)
gene at 3p21.3 in gliomas (14), and the
protocadherin-gamma subfamily A11
(PCDHGA11) gene at 5q31 in astrocytic
tumors (41). It is likely that additional
TSG candidates that are preferentially
down-regulated by hypermethylation will
be identified when large-scale epigenetic
profiling approaches are applied. In fact,
several candidate gene-based studies
already reported that multiple genes may
be aberrantly hypermethylated in oligo-
dendroglial tumors, including known
TSG, such as CDKN2A, CDKN2B, p14ARF

and RB1, as well as other genes, such as
DAPK1 (death-associated protein kinase
1), ESR1 (estrogen receptor 1), THBS
(thrombospondin 1), TIMP3 (tissue inhib-
itor of metalloproteinase 3) and MGMT
(O(6)-methylguanine-DNA methyltrans-
ferase) (2, 4, 21, 42).

Concerning a prognostic role of the
EMP3  promoter  status,  Alaminos  et al
(1)  reported  EMP3  hypermethylation  as
an unfavorable prognostic parameter in
neuroblastoma patients. In contrast, our

finding of a predominance of EMP3
hypermethylation in oligodendroglial
tumors with 19q deletion would suggest a
potential association with more favorable
prognosis because 19q deletions are fre-
quently combined with 1p deletions, and
combined 1p/19q deletions are an inde-
pendent marker for longer survival in
patients with anaplastic oligodendroglial
tumors (3, 36). However, while univariable
analysis of a series of 46 patients with oli-
godendroglial tumors of WHO grade II or
III revealed a significant association with
longer survival for patients with EMP3
hypermethylated tumors, multivariable
analysis did not confirm EMP3 hyperme-
thylation as an independent prognostic
marker and univariable analysis of 25
patients with anaplastic oligodendroglial
tumors showed no significant association
between EMP3 hypermethylation and
overall survival.

Similar to the findings in oligodendro-
glial tumors, EMP3 hypermethylation was
frequent in astrocytic neoplasms and was
associated with significantly lower EMP3
transcript levels. However, neither EMP3
hypermethylation nor EMP3 mRNA
expression showed an association with the
19q deletion status in astrocytic gliomas.
Furthermore, EMP3 mRNA levels were
frequently up-regulated in astrocytomas
compared with the expression in non-
neoplastic brain tissue samples. Thus, it is
likely that additional astrocytoma-
associated TSG candidates are located on
19q. Our finding of EMP3 hypermethyla-
tion in more than 80% of AII, AIII and
sGBM suggests this alteration as a com-
mon early event in astrocytoma develop-
ment rather than a progression-associated
change. In fact, EMP3 hypermethylation is
more frequent in diffuse astrocytic gliomas
than TP53 mutation or chromosome 7
gains, which can be detected in approxi-
mately 60% and 50% of the cases, respec-
tively (29). Interestingly, our previous
studies indicated 19q deletions as a pro-
gression-associated aberration in astrocytic
tumors, which was more common in AIII
than in AII (38–40). The present tumor
series showed a similar trend, albeit the
percentage of 19q-deleted AII (30%) was
higher than previously reported. In any
case, it is likely that one or more other TSG
are located on 19q that contribute to astro-
cytoma progression.

Figure 3. Univariable analyses of the association between EMP3 hypermethylation (A,B) or allelic losses on
1p and 19q (C,D) and overall survival in patients with oligodendroglial tumors. A,B. Kaplan−Meier survival
curve estimates in relation to the EMP3 methylation status obtained for 46 patients (A), including 21
patients with WHO grade II and 25 patients with WHO grade III tumors, as well as for the subgroup of
25 patients with WHO grade III tumors (B). Note association (log rank tests) of EMP3 hypermethylation
with overall survival (OS) in the entire group of oligodendroglial patients (A), but not in patients with
anaplastic oligodendroglial tumors (B). C,D. Kaplan−Meier survival curves of the same patient cohort
(except for one patient with a WHO grade II tumor) stratified according to the 1p/19q allelic status. Note
1p and 19q losses are significantly associated with longer OS in the entire group of patients (C) and in
the subgroup of 25 patients with WHO grade III tumors (D). meth. = EMP3 hypermethylated; non-
meth. = EMP3 not hypermethylated LOH = loss of heterozygosity; RET = retention of heterozygosity.
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A very striking finding of our study is
the  marked  difference  in  the  frequency
of EMP3 hypermethylation between AII,
AIII and sGBM (83%–89%) on the one
hand and pGBM (17%) on the other
hand. This difference would be even more
pronounced if those three pGBM with
combined deletions on 1p and 19q and
oligodendroglial component were removed
from the group of pGBM. Then, only two
out of 27 pGBM (7%) had EMP3 hyper-
methylation. The frequent lack of EMP3
promoter methylation in pGBM is accom-
panied by high EMP3 expression, with
mRNA levels being markedly up-regulated
in most tumors in relation to the non-
neoplastic brain tissue used for reference.
The increased expression of EMP3 tran-
scripts in pGBM as compared with AII,
AIII and sGBM is supported by similar
data from a recent microarray-based study
comparing expression profiles in primary
vs. secondary glioblastomas (35). The dif-
ferent frequency of EMP3 hypermethyla-
tion in pGBM vs. sGBM matches well
with the concept that sGBM develop by
progression from AII or AIII, while pGBM
arise de novo via distinct molecular path-
ways (17). In fact, our data suggest the
EMP3 5′-CpG island methylation status as
a possible molecular marker for the distinc-
tion between sGBM and pGBM. In line
with our data, other authors also reported
that methylation frequencies of certain
genes, including HRK and TIMP3, varied
between pGBM and sGBM (25, 26).

In conclusion, our data support an
important role for EMP3 hypermethyla-
tion as an early epigenetic change in both
astrocytic and oligodendroglial tumors. In
oligodendroglial neoplasms, EMP3 hyper-
methylation was more common in tumors
with 19q loss and associated with reduced
EMP3 RNA levels. In astrocytic gliomas,
EMP3 hypermethylation was found in
more than 80% of AII, AIII and sGBM,
while the vast majority of pGBM demon-
strated high EMP3 mRNA expression in
the absence of EMP3 hypermethylation.
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