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Fig.1
Intraoperative monitoring of motor-evoked potentials (MEPs). A. Contrast-ephanced T1-weighted MR image
demonstrating a ringed enhanced tumor in the left frontal lobe. B. Intraoperative ultrasound detection of the tumor.

C. Computer monitor showing positive responses for MEP upen electrical cortical stimulation, D. Cortical mapping
for motor function.  0: no response, 1: positive response. :
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Fig.2
Molecular pathways of hem biesynthesis in cells. A hem precursor 5-aminolevulinic acid (ALA) is catalyzed by
multiple enzymes to generate fluorescent protoporphyrin (Pp) IX in malignant tumot cells,
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Fig.3 o
A case_with recurrent anaplastic astrocytoma in the right frontal lobe, The fluorescent intensity of PplX of the
tumor tissues correlates well with cellularity of tumor cells examined histologically.
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Fig.4 '
A case with glioblastoma multiforme in the left frontal lobe. A resected tumor specimen showing high intensity of

PpIX (upper panel) consists of hypercellular tumor, whereas a specimen with low fluorescence contains infiltrative
tumnor cells in the normal brain parenchyma.
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Fig.5

Western blot analyses of MGMT expression in human glioma issues, Human glioma cell lines T98G and A1207
are used as posilive controls, 3 -actin expression is shown as an internal control. Epend, ependymoma; Anapl,
anaplastic; AQ, anaplastic oligodendrogiioma; AOA, anaplastic oligoastrocytoma.
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Fig.6 .
Kaplan-Meier progression-free survival curve of patients with glioblastoma treated in the Kyorin University Hospital
since 2000
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Fig.7
Kaplan-Meier overall survival curve of patients with glioblastoma treated in the Kyorin University Hospital since
2000. ’
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ABSTRACT

Purpose: The histological diagnosis of human gliomas is
of great importance for estimating patient prognosis and
guiding therapy bui suffers from being subjective and,
therefore, variable, We hypothesized that molecular genetic
analysis could provide a more chjective means to classify
tuinors and, thus, reduce diagnostic variability.

Experimental Design: We performed molecular genetic
analysis on 91 nonselected gliomas for 1p, 19q, 10qg, TP53,
epidermal growth factor receptor, and cyclin-dependent kinase
4 abnormalities and compared with the consensus diagnoses
established among four independent neuropathologists.

" Results; There were six astrocytomas, seven anaplastic
astrocytomas, 45 glioblastomas, 21 oligodendrogliomas,
eight anaplastic oligodendrogliomas, three oligoastrocyto-
mas, and one anaplastic oligoastrecytoma. Twenty-nine
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cases had either 1p or 19gloss of heterozygosity (I.OH) while
refaining both copies of 10q, of which 25 (86¢%) were histo-
logically oligodendroglioma, anaplastic oligodendroglioma,
oligoastrocytoma, or anaplastic oligoastrocytoma, As for the
oligodendroglial tumors, unanimous agreement of the initial
diagnoses was almost restricted to those cases with com-
bined 1p/19qL.OH, whereas all nine tumeors without 1p loss
initially received. variable diagnoses. Interestingly, TP353
mutation was inversely related to 1pLOH in all gliomas (P =
0.0003) but not 19qLOH (P = 0.15).

Conclusions: These data demonstrate that molecuiar
genetic analysis of 1p/199/10g/TP53 has signiftcant diagnos-
tic value, especially in detecting oligodendroglial tumors. In
addition, IpLOH and TP53 mutations in gliomas may be
markers of oligedendroglial and astrocytic pathways, re-
spectively, which may separate gliomas with the same his-
tological diagnosis, especially oligedendroglial tumors and
glioblastomas. Testing for those molecular genetic alter-
ations would be essential to obtain more homogeneous sets
of gliomas for the future clinical studies. :

INTRODUCTION :
Treatment of diffuse gliomas still remains one of the toughest
challenges in oncology. Surgical cure of these tumors infiltrating
into the brain is practically impossible, and their clinical course is
primarily determined by the biological behaviot of the tumor cells,
including growth rate and their responsiveness to radiation therapy
and chemotherapy. For the prediction of such biological behavior,
the most reliable, proven method has been the histological diagno-
sis based on the microscopic morphology of the tumor since the era
of Bailey and Cushing. However, histological diagnosis suffers
from being subjective and, therefore, vartable in some cases, which
oceasionatly hampers the clinical studies on gliomas. On the other
hand, recent progress in the molecular biology and molecular
genetics is showing a potential to provide new means to dissect the
biological features of gliomas. .
Various genetic alterations have been identified in the
tumorigenesis and progression of diffuse gliomas (1-4). Am-
plification of oncogenes has been observed for EGFR,* CDKH,
and MDM?2 genes {3, 6) and inactivating mutation or deletion of
tumor suppressor genes has been discovered for TP33(17p),
RB(13q), CDKN2A(9p), PTEN(10q), and DMBTI(10q) (7-1L1).
Moreover, several chromosomal loci presumed to contain tumor

3 The abbreviations used are: EGFR, epidermal growth factor receptor;
CDK, cyclin-dependent kinase; LOH, loss of heterozygosity; AA, ana-
plastic astrocytoma; AC, astrocytoma; GBM, glioblastoma; OG, oligo-
dendroglioma; AOG, anaplastic oligodendroglioma; OA, oligoastrocy-
toma; AOA, anaplastic oligoastrocytoma.
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suppiessor genes, such as Jp, 19, 11p, and 22g, show frequent
allelic losses in gliomas, which are easily detected as LOH (2).
Among those, LOH at short arm of chromosome 1 {1p) and long
arm of chromosome 19 (}9q) is found in 60-70% of OGs
(12~15), and recent studies demonstrated that 1pLOH in AOGs,
frequemly accompanied by 19gLOH, predicted sensitivity 0
specific chemotherapy and better overall survival (16, 17). Al-
though the underlying molecular biological mechanism for this
observation is yet unknown, 1pLOH seems to represent a spe-
cific biological feature of tumor cells, at least in OGs. On the
othér hand, 1pLOH is also found in 50-70% in QAs and
10-20% of astrocytic tumors, including GBMs (4, 18), and its
significance within these histological types is not yet clear,
Therefore, we studied a series of diffuse gliomas of various
grades and histologies for a range of genetic markers known to
be important in ghioma temorigenesis. Importantly, we carefully
classified these 91 gliomas vsing independent histological re-
view by four neuropathologists, enabling us to compare geéno-
type with both individual and consensus diagnosis. In this man-
ner, we sought to determine whether & cumulative analysis of
those genetic markers could provide insight into the significance
of molecular genetic examination in glioma diagnosis.

MATERIALS AND METHODS

Tumor samples were obtained at surgery performed at the
Saitama Medical School Hospital, Teikyo University Hospital,
and University of Tokyo Hospital and its affiliated hospitals. In
total, 91 cases of diffuse gliomas operated during the period of
19961999 were studied. Tumor samples were collected on an
availability basis and were not selected for specific histological
types. Portions of tesected tumors were snap frozen in liquid
nitrogen and stored at ~=80°C until use. DNA from the tumor
tissue was extracied ysing QiAamp DNA Mini Kit (Qiagen,
Valencia, CA) after the manufacturer’s protocol. Constitutional
DNA used as a control for the microsatellite analysis was
extracted as described previously from peripheral blood ob-
tained after written informed consent (19). All experiments
using the human samples were approved by the ethical commit-
tee at the University of Tokyo Hospital.

Histology slides were reviewed by four independent neu-
ropathologists (T. H., N.F,, 1. H., and Y.N.), and consensus
diagnoses were made following the Jatest WHO classification
(20). In cases with divergent opinions, the senior neuropathal-
ogist (Y.N.) made the final diagnosis. For GBM cases, the
neuropathologists were also asked to describe if there were
regions showing distinct oligodendroglial morphological fea-
tures. Histological evaluations were blinded to the molecular
genetic data.

Molecular Genetic Analysis. LOH and single-strand
conformational polymorphism assays were performed using the
Genetic Analyzer 310 (PE Biosystems, Norwalk, CT) capillary
electrophorests sysiem, following the manufacturer’s protocols.
For the LOH assay, the following microsatellite markers located
at the most frequently deleted sites in gliomas were used:
D18244, DI152734, and DI1S402 for 1p (1p36), DI95112,
DI19§596, DI9S472, and D195219 for 19g (19q13); and
DI081744, D10S1680, and D]0S583 for 10q (10g22-23; Refs.

10, 17, and 21). Primer sequences for these markers are avail-
able from the Genome Database.*

The single-strand conformational polymorphism assay for
exons 5-8 of TP53 was performed using the previously pub-
lished primer pairs (7). For each primer set, the sense and
antisense primers were jabeled with two different fluorescent
dyes to allow specific detection of each strand. PCR products
were separated by. capillary electrophoresis and were analyzed
with the GeneScan program {PE Biosystems) to detect tumnor-
specific migration shifts, Exons showing migration shifts were
reamplified from the tumor DNA with nonlabeled primers, gel
purified, and directly sequenced using the BigDye Terminator
Sequencing Kit (PE Biosystems). The sequencing reaction prod-
ucts were separated and analyzed by the Genetic Analyzer 310
following the manufacturer’s protocol.

Previously described, established comparative multiplex
PCR assays were used to detect gene amplification for EGFR
and CDX4 and homozygous deletion of CDKN2A. (9, 22}

RESULTS

Of the 91 cases, the consensus histological diagnosis was
AC (WHO grade 2) in 6, AA (grade 3) in 7, GBM (grade 4) in
45, OG (grade 2) in 21, AOG (grade 3) in 8, mixed QA {grade
2) in 3, and mixed AQA {grade 3) in 1 (Table 1), Complets
agreement of the initial diagnoses among all four newropatholo-
gists was seen in 49 of 91 cases (54%): 4 AC (including 2 cases
on which one neuropathlogist did not made a diagnosis), 0 AA,
36 GBM, 6 0G, 3 A0G, 1 OA, and 1 AOA. Disagreetnent was
much more common in AA (seven of seven, 100%), OA (two of
three, 67%), OG (15 of 21, 71%), and AQG (five of eight, 63%),
compared with AC (two of eight, 25%) and GBM (9 of 45, 20%;
Fig. 1, A-D).

The results of the molecular genetic analysis are also
summarized in Table 1. At least one of the three examined lp
markers was informative in 88 cases, of which 30 cases (33%)
showed LOH: one of six AC (17%), zero of seven AA (0%), 10
of 42 GBM (24%), 12 of 21 QG (57%), five of eight AOG
(63%), two of three OA (67%), and none of one AOA (0%).
Similarly, at least one of the four 19q markers was informative
in 90 cases, of which 38 cases (42%) showed LLOH: one of six
AC (17%), two of seven AA (29%), 13 of 44 (31%) GBM, 12
of 21 QG (57%). seven of nine AQOG (78%), two of three OA
(67%), and one of one AOA.

Among the 30 cases with 1pLOH, 235 cases (86%) also had
19qL.OH: one of one AC (100%), 6 of 10 GBM (60%), 11 of 12
0G (92%), five of five AOG {100%), and two of two OA
(100%). The positive correlation between 1pLOH and 19qLOH
was statistically significant not only in the 34 tumors with
oligodendroglial features (OG, AOG, OA, and AOA, P <
0.0001; Fisher’s exact test) but also within the 58 astrocytic
tumors (AC, AA, and GBM); of 11 astrocytic tamors with
1pLOH in total, 7 (64%) had 19qLOH (P = 0.0055).

At least one of the three examined 10g markers was in-
formative in 88 cases, and LOH was detected in 29 cases (33%):

+ Internet address: hitp:/harww.gdb.org.
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Tabie [ Histology and molecular genetic data on 91 gliomas®
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Fig. 1 Histological findings and molecular
genetic data of representative cases. In A4,
case 60 was unanimously diagnosed as QG
with homogeneous, round tumor ceils with
perinuclear halo and was 1pLOH(+),
19g1.OK( +), and 10gLOH{ ). In B, case 76
was OG on the consensus diagnosis but ini-
ally had diagnostic disagreement, such as
AC or OA. Genetic test showed 1pLOH(=),
19qLOH(—), 10qLLOH(-), and TP53 muts- |
tion (+). In C, case 83 was unanimously -33’. 5
diagnosed as AOG and had 1pLOH(+), 5 3-,3&?-;«,.,
19gLOH(+), and 10gLOH(—).In D, case 27 >
was unanimously diagnosed as GBM but had

some portions with oligodendroglial features

showing small, round cells with perinuclear c
hain. The mmor was 19gLOH(+) and
10gLOH(+) but had no 1p loss.
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1 AC, 1 AA, and 27 GBM. Among the 43 cases with either 1p
or 19qLOH, 14 cases had 10qL.OH, and 29 cases retained both
copies of 10q. All of the 14 cases (100%) with 10gLOH were
GBMs, whereas 25 of 29 cases (86%) retaining both copies of
10q were OG, AOG, OA, or AQA.

Mutation of TP53 was detected in 24 cases: three of six AC
(509%), four of seven AA (57%), 9 of 45 GBM (20%), 6.0f21 OG
£299%), zero of nine AQG {0%), one of three OA (33%), and one of
one ADA (100%). When correlation with 1p status was examined,
only one GBM (case 17) had both 1pLOH and P53 mutation, and
none of the remaining 29 cases with 1pLOH had TP53 mutation.
This relative exclusiveness between 1plLOH and TP33 mutation
was statistically significant when examined in all cases (P =
0.0003}) but did not reach statistical significance when the 58
astrocytic tumors (AC, AA, and GBM) were separaiely analyzed,
probably because a considerabie number of cases had nejther of the

e P e R e )

PSSR
gge e
TN MY

0

ARG
e B
o

DTl L) B
AR Do Y -’ﬁ
A R e A Nad SR e T

D18402 - LOH(+) D1985112 - LOH(+)

A
N I S

D10S1680 - LOH(-}

LIS VY
LN W
DI1S244- LOH()  D15§219. LOH(:)
N __;J‘M._.- A A
T _-J‘A’\-_— — A
01051744 - LOK() ‘TPS3cxon §
N _JJLMAJL_
T _.J\A«...«J\JL._

CWECCGCGOC
“

D18402 - LOH(+) D195412 - LOH{+)

-

3

D108583 - LOH(-)

i
z

o

’
,o
L%
!

D195112 - LOH(+)

A
Y,

D15402 - LOK()

T

D1051650 - LOH(+)

-

two genetic alterations (P = 0.055). On the other hand, 7P53
mutation and 19gLOH were not inversely correlated in all gliomas
(P = 0.29), with seven cases showing both 19¢LOH and 7P53
ynutation: two AA, three GBM, one OG, and one ACA.

Homozygous deletion of CDKN2A was observed in ane
AC, one AA, 17 GBM, two OG, three AQG, and in none of OA
or AOA. There was no significant association of CDEN2A
status with 1pLOH, 19qLOH, or TP33 mutation in any temor
types. However, CDKN2A deletion positively correlated with
10gLOH (P = 0.04).

Gene amplification of EGFR was detected in 11 cases: 10
GBMs and 1 OG. In agreement with previcus studies, most
GBM cases with EGFR amplification (9 of 10) had 10qLOH,
but only one had TP53 mutation (23-25). However, this invesse
correlation did not reach statistical significance in this series
(# = 0.15). There was no apparent correlation between EGFR
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amplification and 1p/19q status: two had both 1pLOH and
19qLOH, one had |pLOH alone, two had 199LOH alone, and

four had neither 1p nor [9qLOH. Of the 45 GBMs, 12 cases -

were described to contain portions with oligodendroglial mor-
phological features. Five of the 12 cases (42%) had [9qLOH,
and only 1 (8%} had 1pLOH (Table 1; Fig. 1D) .

DISCUSSION

The data presented here showed that molecular genetic
evaluation of chromosomes 1p, 19q, and 10q in diffuse gliomas
has significant diagnostic value, especially in identifying OGs
and OAs. When lp or 19gLOH was detected without 10qLOH
in diffuse gliomas, the tumor usually demonstrated consensus
oligodendroglial histologicat features, compatible with the di-
agnosis of grade Il or Il OG or OA. A recent study using
real-time quantitative PCR to detect allelic loss also showed this
concordance between Ip/19¢/10q starus and the histological
diagnosis of OGs (268). When 1p or 19qLOH was accompanied
by additional {0gLOH, on the other hand, such tumors were
most likely (86%) GBMs on consensus diagnosis. Interestingly,
tumors unanimously agreed as OGs on their initial diaghoses

almost always carried combined loss of 1p and 19q; all six OGs .

and two of three AOGs with unanimous diagnosis had 1p and
19q losses, and the remaining one AQG had 19q loss with
noninformative 1p markers (Fig. 1, A and C). Therefore, it
appears that tumors showing typical histological features of
OGs are likely to carry lp and 19q losses both in grade II and
grade Il tumors. On the contrary, all nine consensus OGs
without lp loss had disagreement on the diagnosis initially,
indicating that these might be the cases potentially leading to the
diagnostic variability (Fig. 18).

The distinction between OG, OA, and AC can be subjec-
tive and sometimes difficult, especially in high-grade, undiffer-
entiated tumors (20, 27). Our study suggested that simple LOH
analysis of 1p, 19g, and 10q may provide important supportive
information in making diagnoses for such difficult cases, which
may affect the clinical management. For instance, a trend in
postsurgical treatment for OGs is to start with chemotherapy
alone and defer radiation therapy until the tumors show progres-
sion (28-30). Whether a similar approach is appropriate in
treating patients with OAs or AQAs remains to be investigated,
and to do so requires homogeneous defined sets of tumors.

_ Genetic profiles on 1p/19g/i0g and TP33 should be one of the
important objective factors to be considered in such studies.

There was a small number of outlying cases in our series:
one AC, one A4, and one GBM showed 1p and [9gLOH while
maintaining allelic balance at 10qg, the typical genetic profile for
OGs. Therefore, molecular genetic analysis cannot replace his-
tological diagnosis. On the other hand, it is still unknown which
of the two measures, histological diagnosis or genetic profiling,
would better represent the biological characteristics of a tumor
when the two evaluations disagree. .

As reported previously, 1p LOH was highly associated
with 19qLOH in oligodendroglial tumors, but our study further
showed that this positive correlation seems to extend to astro-
cytic tumors, including GBMs (P = 0.0033; Refs. 13 31, and
32). Although they showed such a strong positive correlation,
1pLOH and 19qLOH did have slight differences in their patterns

of appearance. 1pLOH demonstrated a tight inverse correlation
with TP33 mutation (P = 0.0003), a presumed key genetic event
in AC mmorigenesis (2, 33-35). On the other hand, 19qLOH
accompanied TP53 mutation more frequently both in oligoden-
droglial tumors and GBMs. On the basis of such findings, it is
tempting to hypothesize that diffuse gliomas with 1pLOH may
constitute a genetic subset that is associated with oligodendro-
glial lineage, whereas TPS53 mutation represents another subset
associated with astrocytic lineage. Such proposition has been
made previously on OA, in which 1p/19qLOH was associated to
be more OG predominant, and TP53 mutation was associated
with more AC predominant morphology (36). Curiously, how-
ever, partial oligodendroglial morphological features in GBMs
were more frequently detected in tumors with 19q loss in our
study, not in [p loss, indicating that morphological features do
not necessary follow the genetic profile (Fig. 1D).

Genetic subsets in gliomas were first noticed in GBMs, in
which TP53 mutation and EGFR gene amplification occur in a
mutually exclusive fashion, thereby defining two genetic subsets
(23, 25). Clinical significance of these genetic subsets, one with -
TP53 mutation and the other with EGFR amplification, was shown
by the fact that secondary GBMSs mostly belonged to the former,
and primary GBMs mostly belonged to the latter (20, 25). Whether
the putative subsets by Ip loss and TP53 mutation suggested in our
study also would have any clinical relevance remains to be inves-
tigated. However, it is noteworthy that AOGs with IpLOH had
already been shown to have better treatment response and progno-
sis (16, 17), and another recently published study on seven high-
grade gliomas with unusual long survival demonstrated LpLOH in
all seven cases (37). Although such association was not proven in
OA and astrocytic tumors thus far (17), it is therefore possible that
IpLOH may be a marker indicative of gliomas associated with
better treatment response and survival. Unfortunately, we currently
do not have sufficient follow-up data on our series to look for
correlation between the genetic data and clinical outcomes, such as
the difference between GBMs with or without LpLOH. Additional
studies in a larger series with sufficient follow-up should address
this clinically important question. Nonetheless, use of molecular
genetic markers will allow objective evaluation of diffuse gliomas
and, therefore, enable such studies to be done, perhaps without the
time-consuming and ditficult requirement of independent histolog-
ical review by multiple neuropathologists. .
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Oligodendrogliomas frequently, but not always  show
sensitivity to chemotherapy and recent studies demon-
strated that allelic loss of chromosome 1p is highly
associated with this chemosensitivity, To gain insight into
the molecular mechanism of such difference, we exam-
ined comprehensive gene expression profiles of 11
oligodendroglial tumors, six with and five without
IpLOH (loss of heterozygosity), and two normal brain
tissues using the oligonucleotide microarray (GeneChip).
Statistically significant numbers of genes were expressed
differentially between the two genetic subsets. Clustering
analysis separated the tumor subsets well. The tumors
-with 1pLOH had similar expression profiles to the
normal brain for those differentially expressed genes.
Many genes showing higher expression in tumors with
1pLOH were presumed to have functions in nervous
tissues. Notably, the majority of the 123 genes showing
significant expression reduction in tumors with 1pLOH
were either on chromosome i (50%) or on 19 (10%),
and the average expression reduction ratio was about
50% (0.54+0.13) possibly refiecting the chromosomal
deletion. Thus, the biological difference between the
genetic subsets of oligodendroglioma was indeed reflected
to gene expression profile, which provided baseline
information for further studies to elucidate the mechan-
ism of chemosensitivity in gliomas.

Oneogene (2002) 21, 3961 -3968. doi:10.1038/sj.onc.
1205495

"Keywords: oligodendroglioma; oligonttcieoticle micro-
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Introduction

Oligodendrogliomas are a major type of gliomas which
constitute approximately 5% of all primary brain
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tumors or 10 to 25% of all infracranial gliomas
(Kleihues and Cavenee, 2000). One of the important
recent findings in neuro-oncology was that those
oligodendrogliomas frequently showed remarkable
sensitivity to chemotherapy, especially to a regimen
using procarbazine, CCNU and vincristine (PCV
therapy) (Cairncross and Macdonald, 1988). However,
the response rate to PCV therapy remains 60-80%,
and 20-30% of tumors are resistant to chemotherapy
and have worse prognosis. Therefore, within this
histologically indistinguishable entity, there apparently
exist subgroups showing different biological behavior.
Recent molecular genetic studies on oligodendroglio-
mas revealed that allelic loss of chromosome Ip, which
is found in 60-80% of oligodendrogliomas and often

" accompanied with allelic loss of 19q (Smith er af,

1999), was highly associated with the treatment
responsiveness and also with a better prognosis
(Cairncross et al., 1998; Ino et al, 2001). Thus, it is
now being recognized that loss of chromosome lp is a
marker separating oligodendrogliomas into subgroups
showing different biological behavior. In addition to its
important clinical implications, understanding of the
underlying molecular mechanisms of such a difference

‘may lead to a new treatment strategy for all gliomas.

Unfortunately, the putative tumor suppressor genes at
chromosomes 1p and 19q, obvious keys to investigate
the molecular biologic features of the tumor cells, -are
yet to be identified despite vigorous investigations.
Several attractive candidates on chromosome [p
include TP73 (1p36.3) and CDKN2C (ip32), but
neither has been shown to be altered in the majority
of oligodendrogliomas (Husemann e# a/,, 1999, Mai ez
al., 1998). Although 1p loss is also found in many
other neoplasms including neuroblastomas, the search
for the suppressor gene in such neoplasms has not been
successful either (Ohira et al., 2000; Schwab et al.,
1996). To gain insight into the molecular basis of the
biological difference among oligodendrogliomas, we
turned to recently developed oligonucleotide micro-
array technology. By analysing comprehensive gene
expressions, several studies have now shown that the
expression profiles correlated well with the histology
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and clinical grades in human neoplasms including  test (P<0.01), indicating that these two subgroups
gliomas (Golub et al, 1999; Huang et al, 2000; indeed have -significantly different gene expression
Watson ef al, 2001). Therefore, we performed a profiles. When Mann—Whitney test with cut-off P-
comparative study of the gene expression profiles . values of 0.05 and 0.01 were used, 288 and 123 genes
between the genetic subgroups of cligodendrogliomas  were detected as differentially expressed by the lp
based on the lp status. status, and those numbers were higher than the
expected numbers in permutation test which were
115 and 33 in median, respectively. Of the 209 genes
Results selected by prediction value, more than 90% (192
genes) were also included in the 288 genes selected by
, P ) P- . - € catin
Genetic alterations in oligodendroglial tumor sumples ?hf zgggst‘x)a fx‘xgoifbihﬁzm: eri:gh% ;: Sti’nlr;cill eigng
Of 40 oligodendroghal tumors we could collect, we  differentially expressed genes. We used the 209 genes
selected six cases with 1pLOH (loss of heterozygosity)  for further analysis.
and five cases without lpLOH from which we couid Clustéring analysis was performed to classify all 13
obtain good quality RNA evaluable with the GeneChip  ‘samples using Pearson correlation with these extracted
system (Affymetrix, Santa Clara, CA, USA). Histolo- 209 genes (Figure 1). The tumor subsets were
gical diagnoses and the results of molecular genetic  separated well and the normal brain samples were
analysis are summarized in Table 1. There were seven  clustered into the same group with the tumors with
oligodendrogliomas, one oligoastrocytoma and three  1pLOH. Among the five tumors without 1pLOH,
anaplastic oligodendrogliomas. In all six tumors with  expression profiles were not markedly different be-
1pLOH, all of the informative 1p markers showed  tween the tumors with and without 7P53 mutation in
LOH, indicating that deletion involved the whole arm  this clustering analysis.
of chromosome lp (data not shown). Of the six cases
x:: tigx&gl%rfi;:ti(\:aa:eosnaf:aﬁgeiigc{%c?i:&ir(;??:gz Genes showing higher expression in twmors with IpLOH
of the six tumors with I[pLOH had TP53 mutation,  Of the 86 genes selected by P-value, 24 genes whose
and three of the five tumors without 1pLOH had TP53  mean average difference had more than threefold
mutation. No case had 10gLOH. difference between the two groups were listed in Table
2, The average differences of those genes in normal
s . o brain RNA were close to those in tumors with 1pLOH
g‘lzejst;t:‘;.s;iga! analysis of genes differentially expressed as expected by the clustering analysis. Based on the
v ip . UniGene on National Center for Biotechnology
To select genes that were expressed differentially by 1p  Information (NCBI), 14 of the 24 genes were
status, we used prediction value (P-value) in neighbor-  predominantly expressed in brain or neural tissues
" hood analysis, which was recently described as useful  (KI440985, RGS7, human clone 23695, INA,
for extracting genes expressed uniformly high in one  KIAA0750, MYTI/L, human clone 23560, PTPRN,
group and low in the other (Golub et al., 1999). We  SLCIA2, HAPIP, SNCB, SNAP25, LICAM and
listed a total of 209 genes that had an absolute P- OLFMI), and were likely to have some function in
value of more than one, of which 86 genes showed  the nervous system. In the normal brain samples, genes
higher expression and 123 genes showed lower  that are predominantly expressed in glial cells such as
expression in tumors with IpLOH. These numbers of  glial fibrillary acidic protein (GFAP) and myelin basic
the genes were significantly higher than expected in  protein (MBP) were also well expressed, indicating that
random grouping tested by 1000 times permutation  these samples contained many glial cells.
Table I Summary of oligodendroglial tumors used in GeneChip experiments
Tumar ho. Gentder Age Histology ipLOH 194LOH 10qLOH TPes3 CDKNZ4
1 F 47 AOG () +) (=) Wt HD
2 F 23 0G (+) (+) {(~} Wt Normal
3 M 44 oG (+) (+) {(—) Wt Normal
4 M 49 oG (+) (+) (-) Wt HD
5 F 22 QA {(+} NI (~) Wt Normal
6 F 43 AOG (+) (+) (=) Wt Normal
7 M 44 oG {—) (=) {—} Mutation Normal
8 F 60 . oG (=) {(—) (=) Mutation Normal
9 F 25 oG (—) (-) (~) Mutation Normal
0 M 67 AOG (~) (- (-) We HD
I1 F ' 27 oG (=) {—) {(-) Wt Nermal
OG: oligodendroglioma, OA: oligoastrocytoma, AOG: anaplastic olizodendroglioma, LOH: loss of heterozygosity, NI: non-informative, Wt:
wild type, HD: homozygous deletion
Qncogene
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Figure 1 Hierarchical clustering of 11 oligodendroglial tumors e;.nd two normal brain samples using the 209 genes selected by P-value.
Each column represents a gene and gach row represents a sample. Red indicates increased expression, and blue indicates decreased gene
expression. Bxpression of each geneis normalized toits median in thisfigure. The dendrogramindicates the degree of similarity between their
expression profiles. Normal brain samples were clustered into the same group with the tumors with [pLOH. LOH: loss of heterozygosity
Table 2 List of genes showing higher expression in tumors with [pLOH
- - ’ ] Expression levels
Accession Normal
P-value mumber Gene Spmbol IpLOH+) WpLOH{—) brain  Chromosome
3.02 L12350  Thrombospondin 2 THBS2 167 £36 4619 117426 6
2.1 AB023202 KIAAQ985 protein KIAA0985 21377 65+13 519+137 12
2.1 U32439  Regulator of G-protein signaling 7 RGS7 133+32 43+15 32042 ig
1.86 79289 Human clone 23695 72435 2242 188411 1q
1.83 $78296 Internexin neuronal intermediate filament protein INA 6224182 177154 825197 10
1.57  AB020639 Estrogen-related receptor y ESRRG 66421 18412 68+4 T lq
1.531  ABO018293 KIAA0750 gene product KIAAO0750 67459 6+3 630+ 54 13!
[.42 ABO29029 *Myelin transcription factor 1-like MYTIL 125470 9+8 303435 2
1.4 U79242  Human clone 23560 97433 iI7+1(3 [27+21 t
1.4 L18983  *Protein tyrosine phosphatase, receptor type N PTPRN 99481 240 628476 2
.31 139833  Potassium voltage-gated channel, shaker-related subfamily KCNABI 81+36 23410 205429 3
1.25 U01824  Sofute carrier family 1, member 2 SLClA2 52433 8§17 1547 11
1.2 M?25756  *Secretegranin II {Chromegranin C) 8CG2 269+ 180 62435 354416 2
1.18 U94190  Huntingtin-associated protein interacting protein HAPIP 42+ 55 240 319495 3
1.18 U78575  Phosphatidylinositol-4-phosphate S-kinase, type I« PIPSKIA 110441 34420 9246 1q
1.08  AA021140 cDNA clone IMAGE 363856 50 +£46 3+1 85+15 2
1.08 X96381 Ets variant gene 5 ETVS 280+ 151 77158 224 +71 3
1.07 AFQ53136 *Synuclein f§ SNCB 145+ 147 6+35 741+£174 5
1.07 D21367  Synaptosomal-associated protein, 25 kD SNAP2S 5534301 169+117 21674135 20
1.04  K03000 *Aldehyde dehydrogenase | family, member Al ALDHIAL 118457 IR 196 +36 9
1.02 52112 *L1 cell adhesion molecule LICAM 4794273 56463 498 + 58 X
102  U7i364  Serine proteinase inhibitor, clade B, member 9 SERPINBY 58431 18+21 59+12 6
[R31 U72936  Alpha thalassemia/menta! retardation syndrome X-linked ATRX 166 £82 554465 131 £49 x
1.0t D82343  Olfactomedin 1 QLFM1 7624599  236+56 2109+128 9
P-value: prediction value, which reflects the difference between two groups (the details are described in Materials and methods). Expression level
of each gene was demonstrated as & mean value and a s.d. of average differences in each subgroup. Of the 86 genes selected by P-value, 24 genes
whose mean average difference had more than thresfold difference between the tumeors with and without 1pLOH are listed. The genes examined
by semi-quantitative RT—PCR are indicated by * :
i - expression i s with IpLOH
gfgii;ﬁoﬁg ng;’;f;;fﬂ cif;ﬂi in tumors with IpL 2 to 1p or Ig) and 12 genes (10%) were mapped to
’ chromosome 19 (11 to 19q, and 1 to 19p), while 50
Of the 123 genes selected by P-value, 61 genes (50%)  genes (41%) were mapped to other chromosomes.
were mapped to chromosome { (58 to 1p, 1 to lq, and When we focused on top 30 genes that had an absolute
' Oncoger
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P-value of more than 1.5, 83% (25 genes) were mapped ~ some Ip arm. There also were many genes whose
to chromosome | or 19. Relative expressions of the 73 expressions were not decreased in IpLOH tumors,
genes, 61 on chromosome 1 and 12 on chromosome 19,  which were also found in various chromosomal loci.
in tumors with 1pLOH compared to tumors without
IpLOH were 0.54+0.13 in average. Of the 123 genes,
16 genes whose mean average difference had more than  Discussion
threefold difference between the two groups were listed
in Table 3 (whole list of the selected genes would be  Using the oligonucleotide microarray technology, we
available on request). could identify genes that were differentially expressed
between the subgroups of oligodendroglioma by the ip
I . . . status. Results of semi-quantitative RT-PCR per-
The validation using semi-quantitative RT—~PCR formed on some of the identified genes were con-
Of the 24 higher expressed and 16 lower expressed  cordant with the chip analysis data, confirming the
genes in 1pLOH tumors, semi-quantitative RT~PCR  fidelity of the system in general. Additional oligoden-
was performed on nine known genes whose differences  drogliomas studied by RT-PCR showed similar
were more than fourfold and also more than 40 in  expression pattern to the GeneChip cases according
mean average difference between the two groups to their 1p status. Of the five tumors without IpLOH
(indicated by * in Tables 2 and 3). The results of and without TP33 mutation, however, one additional
RT-PCR corresponded well to the GeneChip data  case was rather similar to the tumors with 1pLOH and
(Figure 2). The additional tumor samples showed  another additional case also showed some inconsis-
similar expression pattern to the same lp status cases  tency. Such variations of gene expression pattern
‘examined by GeneChip, although there were two cases  suggest heterogeneity in tumors without 1pLOH and
(case 18 and 19) which showed exceptional expression  that more than two subgroups may exist in oligoden-
pattern. Those two cases neither had allelic loss on 1p/  droglial tumors, as reported recently (Ino et al., 2001).
19q nor had TPS53 mutation. The case 19 was rather  The numbers of cases analysed in our study were still
similar to the 1pLOH tumors. Case i8 showed lower  limited, and a larger-scale study would enable detailed
expression in some of the genes that had higher  classification of oligodendroglial tumors based on gene
expression in other tumors without 1pLOH. expression profiles. Nonetheless, our data clearly
showed that oligodendrogliomas of. different genetic
, ‘ subsets indeed had distinct gene expression patiern,
Expression of genes on chromosome Ip and could identify many differentially expressed genes.
The relative expressions of the genes on chromosome Five of 10  cases without 1pl.OH had TP33
Ip (n=158) in tumors with 1pLOH against tumors mutation, and the expression patterns of the genes
without IpLOH were arranged on the chromosome  examined by RT-PCR were not significantly different
map fo see their relationship with chromosomal loci  between tumors with and without TP353 mutation.
(Figure 3). Genes showing lower expression in tumors  There was no apparent difference in the expression
with IpLOH were distributed over the whole chromo-  pattern of the 209 genes among five tumors without
Table 3 List of genes showing lower expression in tumors with 1pLOH
Expression levels
Accession Normal
P-value number Gene Symbol IpLOH(+) IpLOH(—)} brain Chromesome
—1.96 J04177 *Collagen type IX o 1 COLLIAL 13+16 230+ L1 2247 Ip21
— 194 M97388 Down-regulator of transcription | DRI - 23+ 10 82418 3145 1p22
—1.87 ABO029000 KIAAI077 pretein KIAAL1077 240 50439 240 3
—1.50 D49%493 Growth differentiation factor 10 GDF10 210 37449 240 10
—1.49 ABOL1173 KIAA060! protein KIAA0GOL 47438 22579 25423 Ip
—1.48 X74362 *Retinoblastoma-binding protein 4 {(RbAp48) RBBP4 19417 109 +51 49+1 Ip
—1.31 AL109671 cDNA clone EUROIMAGE 29222 19425 103+£60 80+t6 159
—~1.25 AIR06222 Arachidonate 5-lipoxygenase-activating protein ALOXS5AP- 7+12 42434 15+13 I3
~1.17 ABO028967 *Potassium voltage-gated channel, Shal-related subfamily KCND2 35+20 165+68 3349 7q
—1.12 M59830  Heat shock 70 kD protein 1B HSPAILB 25422 90+35 119460 ép
—1.12 AF056490 Phosphodiesterase 8A PDESA 103+£38 318+ (33 217499 15
— L1l Jo411t v-jun avian sarcoma virus 17 oncogene homolog JUN 6250 226+ 116 8048 [p32-p3l
—1.09 578203 Seclute carrier family LS, member 2 SLCL5A2 240 31442 240 3
—1.08 AF104922 Growth differentiation factor 8 GDF8 644 43437 240 2q
—1.06 Dil151  Endothelin receptor type A EDNRA ATE2 94445 1142 4
—1.05 US80055  Cystein dioxygenase type [ CDOI 28424 97+37 240 5q
P-value: prediction value, which reflects the difference between two groups (the details are described in Materials and methods). Expression level
of each gene was demonstrated as a mean value and a s.d. of average differences in each subgroup. Of the 123 genes selected by P-value, 16
genes whose mean average difference had more than threefoid difference between the tumors with and without 1pLOH are listed. The genes
examined by semi-quantitative RT—PCR are indicated by *
Oncogene
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Figure 2 Results of semi-quantitative RT—-PCR. Eleven tumors {#1-11) used in the GeneChip experiments (printed in boldface),
nine additional tumors (#12-20), and two normal brain tissues (#21, 22) were analysed. The upper six genes and the middle three
genes showed higher and lower expression in IpLOH tumors in the GeneChip expetiment, respectively. GAPDH was used as a
control ‘
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Figure 3 The relative expressions of the genes on chromosome lp. Horizontal-axis represents the location of the examined 158
genes demonstrated from telomere (left) to centromere (right). Vertical-axis represents relative expressions with error bar, dividing
the mean expressions (average difference) of tumors with [pLOH by those of tumors without 1pLOH. The value beyond 1.7 is not
shown in this figure ‘
1pLOH examined by GeneChip, regardless of the TP53 that were expressed predominantly in normal brain or
mutation status (data not shown). Therefore, the listed  neural tissue, indicating that those genes are functional
genes were most likely extracted by the status of  in the normal nervous system. Contamination of
1pLOH than that of TP33. normal tissue cells was not likely, because allelic losses
Of the genes showing higher expression in tumors  observed on the microsatellite analysis were almost
with 1pLOH (see Table 2), we noticed several genes complete in all cases, indicating that the examined
’ Oncoge

—528—-



Gene exprassion profiles of oligodendragliomas
A Mukasa et af

3966

tissues consisted mostly of tumor cells. For example,
MYTIL encodes a zinc finger protein which plays a
role in the development of neurons in the central
nervous system (Kim et af., 1997), and PTPRN, which
had especially similar expression pattern to MYTIL in
the RT -PCR. analysis, is implicated in neurcendocrine
secretory processes. SNCB plays a role in neuronal
plasticity, SLCIA2 is a glial high affinity glutamate
transporter, and HAPIP is also abundantly expressed
in the neural tissues. L/CAM is an axonal glycoprotein
involved in neuromal migration and differentiation
(Kenwrick et al, 2000). In combination with the
results of clustering, these data may suggest that
tumors without 1pLOH are more distant from normal
brain, possibly reflecting their differentiation status.
Analysis on the differentially expressed genes pro-
vided potentially interesting information on their
chromosomal locations. Of the top 123 genes whose
expressions were most significantly decreased in tumors
with IpLOH, nearly 60% were located either on
chromosome 1 or chromosome 19, with the ratio of
expression levels to tumors without 1pLOH around
50%. It was reported that nearly all oligodendrogliomas
with 1p and 19q LOH lose the entire arm of 1p and 19q
(Bigner et al., 1999; Nigro et al., 2001; Smith et al,
1999), which was also confirmed by our microsatellite
analysis on lp. Therefore, reduced expression of genes
in a wide range of 1p is likely to be a consequence of

_ losing one copy of each gene. On the other hand, some

genes on chromosome 1p had higher expressions in
tumors with IpLOH, suggesting that the expression
regulations of those genes were not simply dependent on
the copy number. In a few genes such as COL/1A! and
RBBP4, the relative expressions were remarkably low
probably because of their overexpression in tumors
without 1pLOH, rather than their expression reduction
in 1p losing tumors (see Table 3). Despite the rather
comprehensive expression analysis, we still could not
pinpoint a particular gene that would affect the
chemosensitivity of oligodendrogliomas. Nene of the
genes previously suggested to be related with chemo-
sensitivity, such as OS-methylguanine-DNA methyl-
transferase (MGMT), multidrug resistance 1 (MDRI),
multidrug resistance-associated protein (MRP), glu-
tathione S-transpherase pi, metallothionein and topoi-
somerase ITx (Nutt et af., 2000; Tanaka et al., 2000),
were detected as differentially expressed genes in our
study. On the other hand, we showed that significant
numbers of genes were differentially expressed between
oligodendroglioma subsets, including expression reduc-
tion of numerous genes in the chromosome lp. An
interesting question is whether about 50% reduction of
such numerous genes in the same chromosomal region
could have any biological effect on tumorigenesis or
chemosensitivity. Recent studies showed that loss of one
copy of a gene and subsequent reduction of its
expression level is possibly related to tumorigenesis, a
phenomenon called haplo-insufficiency (Fero er al,
1998; Gutmann e al., 1999). Whether similar phenom-
enon underlies the biological features of oligodendro-
glioma remains to be investigated.

Oncoegene
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From a technological point of view, it could be an
important observation that the oligonucleotide micro-
array may be quantitative enough to detect expression
reduction caused by the allelic loss in numerous genes.
c¢DNA microarray and serial analysis of gene expres-
sion (SAGE) have been tried with some success to
detect increase or decrease of expressions of certain
genes which were altered by gene amplifications or
deletions (Caron e? al., 2001; Pollack et al., 1999). Our
data indicated that oligonucleotide microarray would
be a good system to identify such genes.

In summary, we showed that genetic subsets in
oligodendrogliomas by 1p status were reflected in gene
expression profile. Some of the interesting genes
differentially expressed included genes implicated in
the function of nervous tissues, genes on chromosome
lp and 19q. Molecular mechanism of chemosensitivity
and chemoresistance may well be represented by those
differentially expressed genes, and our data would serve
as good baseline data for the future studies to solve
that clinically important question.

Materials and methods

Sample preparation

Tumor samples obtained at surgery were snap frozen in liquid
nitrogen and stored at —80°C until use. Histological diagnosis
made on formalin-fixed paraffin-embedded tissues
processed separately. To minimize the notorious variability .
of the histological diagnosis in oligodendroglial tumors, the
histology slides were reviewed by four independent neuro-
pathologists to make consensus diagnoses following the WHO
classification (Kleihues and Cavenee, 2000). Paired blood
samples were obtained after written informed consents, and
were subjected to DNA extraction for the microsatellite
analysis. Of 40 oligodendroglial tumors, six tumors with
1pLOH and five without 1pLOH were selected for expression
profiling using GeneChip system (Affymetrix). Total RNA
from normal whole brain was purchased from two different
providers (Clontech, Palo Alto, CA, USA and Life Technol-
ogies, Inc., Rockville, MD, USA), which were used to see the
expression profile of the normal neurons and glial cells.

Genetic analysis

LOH assay on chromosomes Ip, 19q and 10q to detect allelic
losses were performed using Genetic Analyzer 310 (Applied
Biosystems, Foster City, CA, USA) as previously described.
The following microsatellite markers located at the com-
monly deleted in gliomas were used: 015244, D1S2734, and
D1s402 for lp (1p36), DI9§112, DI19S3596, DI9§412 and
DI19§219 for 19q (19ql3), DI0SI744, DI0OSI680 and
D108383 for 10q (10q22-23) (Uekt et al., 2000). For tumors
with IpLOH, four additional Ip markers were further
examined to see the range of the deletion: DISTI66 (Ipl3),
DIS495 (1p22), D1S2835 (1p32) and D[S§2657 (1p34). The
SSCP assay for exons 5 to 8 of T253 was performed using
previously published primer pairs (Fults er al,, 1992), again
using Genetic Analyzer 310. Exons showing migration shift
were PCR amplified again and were directly sequenced using
BigDye Terminator Kit (Applied Biosystems) following the
manufacturer’s protocol. Established comparative multiplex
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PCR assays were used to detect homozygous deletion of
CDKN2A (Ueki et al., 1996). For RNA extraction, the frozen
tumor sample was homogenized in Isogen (Nippon Gene,
Osaka, Japan) and total RNA was isolated following
manufacturer’s nstructions.

Gene Chip experiment

Five pg of total RNA from ecach sample were used to
synthesize biotin-labeled cRNA, which was then hybridized
to the high-density oligonucleotide array (GeneChip Human
U9SA array; Affymetrix) following the previously published
protoco! with minor modifications (Ishii et @/, 2000). Arrays
contain probe sets for approximately 12 626 human genes
and ESTs, which were selected from Build 95 of the UniGene
Database (derived form GenBank 113, dbEST/10-02-99).
After washing, arrays were . stained with streptavidin-
phycoerythrin (Molecular Probes, Inc., Eugene, OR, USA)
and analysed by a Hewlett-Packard Scanner to collect
primary data. The GeneChip 3.3 software (Affymetrix) was
used to calculate the average difference for each gene probe
on the array, which was shown as an intensity value of gene
expression defined by Affymetrix using their algorithm. The
-average difference has beent shown to quantitatively refiect the
sbundance of a particular mRNA molecule in a population
(Ishii er al, 2000; Lockhart et al, 1996), To allow
comparison among multiple arrays, the average differences
were normalized for each array by assigning the average of
overall average difference values to be 100. A value of two
was assigned to every average difference below two. Of the
total 12 626 probe sets represented on the array, control
probes and genes scored as absent (not detected) by the
expression algorithm in GeneChip software (Affymetrix) or
less than 100 in all 13 samples were excluded from the
analysis because of low confidence of scarcely expressed
genes, and 5668 probe sets were left.

Selection of differentially expressed genes

For the selection of differentially expressed genes by Ip
status, we used prediction value {P-value) which reflects the
difference between two groups, given by (ul—p2)/(cl+02)
when (11, #1) and {2, 52) denote the means and standard
deviations of the log of the expression level of gene for the
sample in group I and group 2, respectively (Golub ef al.,
1999). Pre-filtering was applied to select probe sets whose
maximum and minimum average difference among 11 tumor
samples differed by more than 100, and had more than two-
fold difference. For the remaining 3875 probe sets, the
prediction values were calculated. We also used Mann—
Whitney test, which measures whether the distribution of
gene expression level between two groups is overlapped.

Gene expression profiles of oligodendrogliomas
A Mukasa et al

Clustering analysis

The expression patterns of samples were statistically analysed
using GeneSpring 4.0 software (Silicon Genetics, Redwood
City, CA, USA). Average differences were converted into
logarithm, and hierarchical clustering was carried out using
Pearson correlation coefficient of 0.8 (Eisen et al, 1998).

Semi-quantitative RT~ PCR

Semi-quantitative RT~PCR was performed using 13 samples
used for GeneChip analysis and additional nine oligoden-
droglial tumors. Of the nine additional cases, four cases had
combined lp and 19q LOH, while five cases had neither
genetic alteration. Two of the five additional cases without
{pLOH had TP353 mutation. cDNA was synthesized with
oligo-dT primer from 2 ug total RNA, using SuperScript
Preamplification System (Lif¢ Technologies, Inc.). The
concentration of the cDINA was equalized using the GAPDH
gene expression as a control. PCR was then performed with
21l of cDNA for 31-37 cycles, consisted of 30s of
denaturing at 94°C, 30s of annealing at 63-70°C and
1 min of extension at 72°C. The primer sets used are listed in
Table 4. PCR products were separated by electrophoresis on
1.5% agarose gels and were visualized with ethidium bromide
staining. Numbers of PCR cycles were optimized to ensure
product intensity within the linear phase of amplification. For
each primer set, the amplicon was sequenced after subcloned

. into pGEM-T Easy vector (Promega, Madison, WI, USA) to

confirm that the correct target gene was amplified.

Identification of gene location .

Chromosomal loci of the genes were identiffed using the locus
information from the web sites of GenBank, UniGene and
LocusLink on NCBI, by referring to the corresponding
GenBank accession number of each probe set.

Detailed chromosomal locations of 950 genes mapped on
lp were obtained from the web site of Map Viewer (Homo
sapiens build 26) on NCBL in which the gene locations are
shown by distances from the telomere of the short. arm.
These 950 genes were matched to the probe sets on Human
U95A array by referring to the LocusLink ID, UniGene [D
and GenBank accession number, which identified 502 probe
sets represented on U95A array. Genes with expressions
(average difference) scored as absent or less than 100 in
average of 11 tumors were excluded because of low
confidence in evaluating genes with low expression, For the
158 genes remaining, we calculated relative expressions by
dividing the mean expressions in tumors with 1pLOH by
those in tumors without 1pLOH, which were then arranged
on the chromosome map.

Table 4 Primer pairs used in RT~PCR

Antisense (3'—=3'}

Gene Sense (3'—3'}

MYTIL AMAACAGCGGGCCAGCAACGGTATAG
PTPRN GTGGAGGATGGTGTCAAGCAGTGTG
SCG2 GTTCTGCCARAGGCTCCCTTATGGTG
SNCB ATGGACGTGTTCATGAAGGGCCTG
ALDHIAL COTCTGACCCCAGGAGTCACTCAA
LICAM TACCACCCGGTCCCCACTTTATTGC
COLILIAL GCCAAAGGAGAARACCAGGAAGTTGG
RBBP4 CCAAACCARGCCACTCAGTTGATGC
KCND2 TCGAGCCCTGGCTGTGAAAAGAATC
GAPDH CATGTGGGCCATGAGGTCCACCAC

CAGCAGCARAARACAAGAGGCATCC
GGCTGTCAGGGCAAATTCAAACTGG
GGATTTGCTTGGGGTGGGAGGAATG
GGACAGGGACAGAATTGTGCTGCT

TTCATGGARACCGTACTCTCCCAG

ATGTTGTGTGGTGGGTACCGAAGGC
CACARAAATGGGTTGGTGGCACCAAG
CCTTGTCCTTCTGGATCCACGCTTC
TTATTTGCACAGCCCACCATGGAAC
AATGCCTCCTGCACCACCAACTGC
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