Biologic characterization of a secondary
glioblastoma with extracranial progression
and systemic metastasis
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Glioblastomas rarely metastasize outside the CNS. We
biologically characterized a case of secondary glioblas-
toma associated with extracranial progression and distant
metastasis. A 42-year-old male patient was subjected to
craniotomy for a left temporal tumor (astrocytoma grade
II) and subsequently underwent another 3 craniotomies
due to tumor recurrences. At the third craniotomy,
extracranial progression was noted, and the tumor was
classified as a glioblastoma. In order to pinpoint the genes
expressed differentially in the intracranial primary tumor
and the metastatic tumors, we used cDNA microarray.
The patterns of gene expression in these 2 samples were
highly similar, suggesting that the mechanism of metas-
tasis was direct infiltration of tumor cells into extracra-
nial blood vessels. Insulin-like growth factor binding pro-
tein-2 was overexpressed in both primary and metastatic
tumors. Immunohistochemical studies of DNA-depend-
ent protein kinase, which participates in the repair of
DNA, was strongly positive in the samples obtained at the
first and second operations, but the positive rates were
markedly reduced in the specimens obtained at the third
and fourth operations. These results suggest that insulin-
like growth factor binding protein-2 and deficiency of
DNA-dependent protein kinase proteins promoted tumor
progression in the present case. Neuro-Oncology 5,
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BM? is a highly malignant tumor that accounts
Gfor about 20% of all primary brain tumors. The

prognosis of GBM patients is very poor, with an
average survival time of approximately 1 year (Black et
al., 1991). However, extracranial metastasis is rather rare,
with a frequency of only 0.44% (Smith et al., 1969). We
report on a patient with secondary GBM associated with
extracranial progression and distant metastasis. Subse-
quent to autopsy, immunohistochemical examination and
an analysis of gene expression using cDNA microarray
were performed to investigate possible mechanisms of
tumor progression and extraneural spread of this tumor.

Case Study

History

In September 1991, a 42-year-old man developed head-
ache, vomiting, and generalized convulsions. A CT scan
showed a nonenhancing tumor in the left temporal lobe.
Craniotomy was performed with gross total resection of
the grade Il astrocytoma. Two years later, regrowth of the
tumor was noted and another craniotomy with tumor
resection was performed. Again, the pathologic diagnosis
was grade Il astrocytoma. Postoperatively, the patient was
treated with 5,000 cGy of external beam radiation, and
the postoperative course was satisfactory. However, in
October 1997, an s.c. tumor was discovered in the left
retroauricular region. MRI revealed tumor regrowth with
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Fig. 1. Radiologic scans showing extracranial progression and distant metastasis in a 42-year-old man with glioblastoma. A. Gadolinium-
enhanced T,-weighted MRI of the brain revealing a ring-shaped enhanced mass in the left temporal lobe, a nodular thickening of the dura,
and an enhanced tumor around the left auricle (coronal view). B. Gadolinium-enhanced T,-weighted MRI of the thoracic spine showing
enhanced extradural masses compressing the spinal cord (sagittal view). C. Bone scan revealing multifocal bone metastasis.

a ring-shaped enhancement, together with a nodular
thickening of the dura. In addition, there was a gadolin-
ium-enhancing tumor around the left auricle (Fig. 1A).
We diagnosed the patient with a regional recurrence of the
tumor associated with extracranial progression. We per-
formed a third craniotomy followed by tumor resection,
and the postoperative pathologic diagnosis was GBM.
Postoperatively, the patient received 3 cycles of chemo-
therapy with ranimustine (MCNU). However, the left
temporal s.c. and i.c. tumors grew in size. In September
1998, a fourth craniotomy with a transplantation of free
skin flap was performed with resection of i.c. and s.c.
tumors. However, growth of the tumor progressed, and
we discovered metastasis of the tumor to the cervical
lymph nodes and thoracic vertebrae. Spinal MRI revealed
an extradural tumor enclosing the spinal cord at the level
of T6-10 (Fig. 1B). In addition, bone scintigraphy demon-
strated an intense uptake of radiotracer in pathologic
areas involving the left clavicle, left first rib, and thoracic
vertebrae, thus indicating multifocal bone metastases (Fig.
1C). The patient’s respiratory condition deteriorated, and
he died 7 years and 7 months after the first surgery. Post-
mortem examination revealed glioblastoma involving the
left temporoparietal lobes. The metastases were located
in the following areas: cervical spinal cord, both lungs,
epicardium, right kidney, pancreas, liver, left cervical and
auricle soft tissue, bones (left clavicle, left ribs, cervical
and thoracic vertebrae), and multiple lymph nodes.

cDNA Microarray

To pinpoint the genes expressed differentially in the i.c.
primary tumor and in the metastatic loci, we used cDNA
microarray to examine samples obtained from the pri-
mary tumor at the fourth surgery and from a metastatic
tumor in a cervical lymph node obtained at early autopsy

(2.0 h postmortem). For this examination, the commer-
cially available IntelliGene Human Apotosis CHIP Ver-
sion 1.1 (Takara, Tokyo, Japan) was used, and the expres-
sion levels of 164 genes associated with apoptosis and
cell-cycle regulation were analyzed. Calculations for
preparing a spot template and for evaluating the back-
ground level were performed using Quant Array (GSI
Lumonics, Watertown, Mass.). In both primary and
metastatic tumor samples, IGFBP2 and BAD (BCL2
antagonist of cell death) were expressed at more than
twice the level of internal controls (Table 1). Differential
gene expression of i.c. and metastatic tumor tissues was
recognized with regard to several genes, but in most genes
the difference was not significant.

Immunobhistochemistry

After each operation and autopsy, the excised tumor sam-
ples underwent histopathology and immunoreactive stain-

Table 1. Genes shown to be up-regulated by cDNA microarray
analysis in intracranial and extracranial glioblastoma compared with
control (b-actin)

cDNA expression array: Genes Up-regulated expression

Intracranial GBM Intracranial vs control

IGFBP2 2.228

BAD 2.184
Extracranial GBM Extracranial vs control

MCL1 3.251

NME2 2.820

BAD 2.486

IGFBP2 2.108

Abbreviations: BAD, BCL2 antagonist of cell death; MCL1, myeloid cell leukemia sequence-
1; NME2, nonmetastatic cells-2.
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Fig. 2. Histopathology and immunoreactive staining of excised tumor samples obtained at operations and autopsy. Upper: Hematoxyline and
eosin stainings of the tumor samples at the first operation (A), the fourth operation (B), and autopsy (C). Middle: Immunoreactive stainings
for IGCBP2 of the tumor samples at the first operation (D), the fourth operation (E), and autopsy (F). IGFBP2 immunoreactivity was positive
in samples obtained at the fourth operation and autopsy. Lower: Immunoreactive stainings for Ku86 and DNA-PKcs of the tumor samples
at the second (G and 1) and the third (H and J) operations. G and H were immunostained for Ku86, whereas | and J were stained for DNA-
PKcs. In tumor samples obtained at the third operation, the positive rates for Ku86 and DNA-PKcs were reduced.

ing (Fig. 2). Immunoreactivity for glial fibrillary acidic
protein was positive in all operative samples. Vimentin
immunoreactivity was positive only in the samples
obtained at the third and fourth operations. The MIB-1
positive rate was 4% at the first surgery, 15% at the sec-
ond surgery, 22% at the third surgery, and 28% at the
fourth surgery, showing that the positive rate progres-
sively increased. Immunoreactivities of p53, mdm2, and
p16 were all negative in all samples. IGFBP2 immunore-
activity was positive in all operative and autopsy samples
except for samples obtained at the first and second oper-
ations (Fig. 2D-F). Furthermore, we examined immunore-
activity of DNA-PK. DNA-PK consists of a catalytic sub-
unit, DNA-PKcs, combined with Ku70 and Ku86 proteins
and participates in the repair of DNA double-strand
breaks. Immunoreactivities of DNA-PKcs, Ku70, and
Ku86 were strongly positive in the samples obtained at
the first and second surgeries, but the positive rate was
reduced in samples obtained at the third surgery (Fig. 2G-]).
The results of the immunohistochemical examinations are
summarized in Table 2.

Discussion
Generally, extracranial metastases of GBMs occur after

craniotomy or trepanation procedures, and such metas-
tases are attributed to infiltration of tumor cells into sur-

16 Neuro-Oncology JANUARY 2003

gical defects and extracranial blood vessels (Liwnicz et al.,
1979). In some cases, tumor cells progress extracranially
through mechanical escape routes such as ventriculoatrial
shunts (Wakamatsu et al., 1972). In the present case, s.c.
tumor infiltration was recognized at the time of the third
operation. It is highly probable that the above-mentioned
mechanisms contributed to the state of generalized metas-
tasis. On the other hand, distant metastases have also
been observed in cases where no craniotomies had been
performed (Vural et al., 1996; Yanagawa et al., 1996).
Recently, Park and his colleagues evaluated genetic alter-
ations from both primary and metastatic samples of 6
patients with GBM (Park et al., 2000). They confirmed
the emergence of neoplastic subclones in metastatic foci,
suggesting that some of the metastases arose from genet-
ically altered subclones that were presumably only minor
populations in the primary tumor or were not represented
in the primary tumor.

In the present study, we used the cDNA microarray
technique to analyze gene expression in i.c. and metasta-
tic tumor samples. We found several genes expressed dif-
ferentially in these 2 samples. Most differences, howev-
er, were not significant. In total, our results suggest that
the mechanism of distant metastasis in the present case
was direct extracranial infiltration of the tumor.

To pinpoint gene expression as related to tumor pro-
gression, we performed immunostaining of excised tissue
and autopsy samples. The P53 gene is widely known as a
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Table 2. The status of glial fibrillary acidic protein, vimentin, Ku70, Ku86, DNA-PKcs, and IGFBP2 immunoreactivities and MIB-1 score

Sample GFAP Vimentin ~ MIB-1 (%) KU70 KU86 DNA-PKcs IGFBP2
1st operation +++ - 4 +++ +++ +++ -
2nd operation +++ - 6 +++ +++ +++ -
3rd operation +++ +++ 22 +++ ++ + +++
4th operation +++ +++ 28 - - +++

Abbreviation: GFAP, glial fibrillary acid protein.

The percentage of neoplastic cells with nuclear or cytoplasmic immunoreactivity for GFAP, vimentin, Ku70, Ku86, DNA-PKcs, and IGFBP2 were recorded as — when only occasional (<5%)
tumor cells were positive, + when 5%-25% were positive, ++ when 25%-50% were positive, and +++ when >50% were positive. MIB-1 scoring was accomplished by determining the

percentage of positive nuclei after counting 1,000 tumor cells.

gene related to the genesis of secondary GBM (del Arco
et al., 1993; Sure et al., 1997; Watanabe et al., 1996).
Although it has been reported that mutations of P53
occur in more than 65% of secondary GBM samples
(Kleihues et al., 1999; Nakamura et al., 2001a, b), such
mutations were absent in all samples of the present case
obtained at the first to fourth operations. Similarly, muta-
tions of MDM2 and P16 were absent in all samples.
Possible P16 promoter methylation, however, was not
determined (Nakamura et al., 2001a, b).

Recently, several investigators identified overexpres-
sion of IGFBP2 in glioblastoma by using the ¢cDNA
microarray technique (Fuller et al., 1999; Sallinen et al.,
2000). In the present set of experiments, in which the
c¢DNA microarray technique and immunohistochemistry
were used, we confirmed the overexpression of IGFBP2
in intracranial and extracranial GBM specimens. The
present results suggest that IGFBP2 contributes to the
tumor progression of glioblastoma.

Furthermore, the breakdown of DNA repair mecha-
nisms has been suggested as one of the causes of malig-
nant transformation. DNA repair mechanisms are sub-
divided into 2 categories: nonhomologous end-joining
and homologous recombination. A hallmark of nonho-
mologous end-joining is that, in contrast to homologous
recombination, sequence homology between the 2 recom-
bining DNA double strands is not required. Although the
exact mechanism and the regulation of nonhomologous

end-joining remain to be elucidated, DNA-PK plays a cru-
cial role. DNA-PK is composed of a kinase element known
as DNA-PKcs and a DNA binding element known as Ku,
which is itself a heterodimer composed of Ku70 and Ku86.
The Ku70 and Ku86 heterodimer binds to free DNA ends
at the DNA double-strand break and recruits DNA-PKcs,
activating its kinase activity. A complex of proteins, includ-
ing DNA ligase 1V, is then recruited and interacts with
DNA-PK to bring about the repair of the DNA double-
strand break. Recently, decreased expression of DNA-PK
has been reported to cause tumorigenesis (Kurimasa et al.,
1999; Rigas et al., 2001). In the present case, all of the
nonhomologous end-joining-related proteins were strongly
positive in the samples obtained at the first and second
operations, but the positive rates were reduced at the third
and fourth operations. Collectively, the results suggest
that a functional deficiency of DNA-PK occurs during the
tumor progression of this case and may play a role in
malignant transformation of glioma.

In conclusion, a case of secondary glioblastoma asso-
ciated with extracranial progression and distant metas-
tasis has been reported. Experiments using cDNA micro-
array to test for genes that were expressed differentially
in i.c. and metastatic tumor samples showed highly sim-
ilar results, suggesting that the mechanism of metastasis
was direct infiltration of the tumor cells into extracranial
blood vessels.
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