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Table 2. Scores and Correlation between Positivity for Staining and Each Area of Tumor (Grade 11-IV, n = 50)

Ang2 MMP-2 MT1-MMP LN5y2
Center Border Invasion Center Border Invasion Center Border Invasion Center Border invasion

3+ 0 14 11 0 3 0 0 0 0 5 4
2+ 14 32 33 5 22 0 16 16 11 31 27
1+ 31 4 5 19 22 17 29 27 22 11 16
* 5 0 1 15 2 16 4 3 g 2 3
— 0 0 0 11 1 17 . 1 4 8 1 0
P value of correlation

between positivity

and area of tumor*
Border vs center <0.0001 <0.0001 <0.0001 <0.0001
Invasion vs center <0.0001 0.0001 <0.0001 0.0002
Border vs invasion N.S.

N.S. N.S.

*Analyzed by x test for irend based on the distribution of the scores of each area.

N.S., not significant.

between the expression profiles of Ang2, MMP-2, MT1-
MMP, and LN 5 y 2 and invasiveness of these GBM was
also found (P < 0.0001 to P = 0.0159 for border versus
center or invasion versus center). Similarly, there is no
difference in the immunoactivities of these four molecules
between the border and invasive areas (P = 0.3939 to
P = 0.9996, data not shown).

Lastly, we assessed the protein expression levels in
the 39 cases of grade !l to IV gliomas that only have the
center area, but no tumor border and invasive area.
Among these 39 samples, 25 to 33 cases (64.1t0 84.6%)
have low levels of protein expression of the four mole-
cules that were examined (scores =1+, data not shown).
Because we do not have portions of these glioma biop-
sies containing tumor border and invasion areas, we
cannot evaluate the correlation of the expression levels of
Ang2, MMP-2, MT1-MMP, and LN 5 + 2 with the invasive
edge in these 39 human glioma specimens.

MT1-MMP and LN 5 v 2 Are Overexpressed
and Activated in the Invasive Region of Primary
Human Glioma Specimens

To support our observations from the IHC analyses, we
identified five primary human glioma specimens from our
collection that have shown increased co-expression of
Ang2, MMP-2, MT1-MMP, and LN 5 y 2 in the invasive
regions (Table 1) with sufficient tumor material: J181,
WHO grade Il OD; J165, a grade lll AA; J152, a grade IV
GBM; J152, a grade IV GBM; and J155, a grade IV GBM.
We microdissected the tissues of the central region and
the invasive edge of these primary glioma specimens
(Figure 3A).2° Then, we performed Western blot analyses
on the total proteins extracted from the microdissected
glioma tissue samples using anti-MT1-MMP and anti-LN
5 v 2 antibodies according to the protocols that were
previously reported.?"-22 As shown in Figure 3B, a twofold
to threefold increase in protein expression of intact MT1-
MMP (70 kd) was found in the samples from the tumor
invasive edge of all of the five primary glioma specimens
when compared with the central regions in the same
sample. Furthermore, significant proteolytic activation of
LN 5 v 2 (155 kd) was evident by the appearance of y2'

(105 kd) and y2x (90 kd) fragments® in the samples of the
tumor invasive edge of all five specimens. Autocleaved
MT1-MMP protein fragments (45 kd) were also detected,
albeit to a lesser degree, indicating that activation of LN
5 y 2 and MT1-MMP occurred in these regions of the
gliomas. These findings corroborate with the IHC data
shown in Figure 2 and Table 1 that MT1-MMP and LN 5 vy
2 are co-up-regulated and co-activated with Ang2 and
MMP-2 in the invasive edge of primary human glioma
grade Il to IV specimens. Taken together, our results
(Tables 1 and 2 and Figures 1 to 3) demonstrate that
up-regulation of Ang2, MMP-2, MT1-MMP, and LN 5 y 2
are preferentially associated with the invasive edge of
WHO grade 1 to IV gliomas.

MTT1-MMP and LN 5 y 2 Are Overexpressed at
the Invasive Fronts and Disseminated U87MG
Ang2-Expressing Gliomas in the Brain

We recently reported that overexpression of Ang2 by
human UB7MG glioma celis caused aggressive glioma
invasion compared to isogenic control tumors. We found
that Ang2 and MMP-2 were co-overexpressed in the
actively invading regions of U87MG Ang2-expressing tu-
mors.'” To determine whether the expressions of MT1-
MMP and LN & v 2 were also up-regulated in the invasive
regions of the Ang2-expressing UB7MG gliomas, we per-
formed IHC on various U87MG gliomas. As shown in
Figure 4, the expression of MT1-MMP (Figure 4, f) and LN
5 y 2 (Figure 4, h) was co-overexpressed with Ang2
(Figure 4, d) in the Ang2-expressing gliomas, whereas
neither of these two proteins was detected in the isogenic
control tumors (LacZ-expressing tumors; Figure 4, e and
g). Because both MT1-MMP (Figure 4, fy and LN 5 y 2
(Figure 4, h) are extracellular matrix proteins, the protein
stains detected in the invasive Ang2 tumors were rela-
tively diffusive. The highest expressions of MT1-MMP and
LN 5 y 2 (a fourfold to fivefold increase compared to that
in LacZ tumors) were found at the invasive fronts as well
as in the disseminated tumor clusters of the U8B7MG/
Ang2 gliomas (arrows in Figure 4, f and h). Importantly,
high expression of MT1-MMP (Figure 4, f) and LN § y 2
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(Figure 4, h) are not only co-localized in the invading
malignant cells or disseminated tumor clusters, but also
co-expressed in the same cell population where Ang2
(Figure 4, d) and MMP-2 are overexpressed.'” Co-over-
expression of these four molecules in the regions where
AngZ-induced gliomas invasion occurs suggests that
Ang2 induces human glioma invasion through the activa-
tion of the downstream effectors MMP-2, MT1-MMP, and
LN5y2.

Ang2 Induces the Stimulation of MT1-MMP and
LN 5 vy 2inVitro

Increased expression and activation of both MT1-MMP
and LN 5 y 2 are strongly associated with tumor invasion
in various types of human cancers.”?® To determine
whether Ang2 can directly stimulate the expression and
activation of MT1-MMP and LN 5 y 2 in glioma cells, we
assessed the expression and proteolysis of these two
molecules in various conditions. As shown in Figure 5,
overexpression of Ang2 by U87MG cells or exposure to
recombinant Ang2 by U87MG, U251MG, and T98G cells
(data not shown) results in a 2.2- to 3.4-fold increase in
expression and activation of LN 5 y 2 (Figure 5, top) and
MT1-MMP (Figure 5, the second panel) in comparison to
untreated or bovine serum albumin-treated U87MG cells.
importantly, the stimulation of both MT1-MMP and LN 5 vy
2 under these conditions correlates with increased ex-
pression and activation of MMP-2 in the glioma cells
(Figure 5, bottom). Because MT1-MMP is responsible for
the activation of MMP-2 by interacting with tissue inhibi-
tor-2 of MMP {TIMP-2),5 we also determined the expres-
sion of TIMP-2 in the glioma cells under these conditions
and in the invasive UB7MG/Ang2 and noninvasive
UB7MG/LacZ gliomas. We found that there was no alter-
ation in the expression levels of TIMP-2 in Ang2-stimu-
lated or nonstimulated glioma cells (Figure 5, the third
panel), nor in the invasive or noninvasive UB7MG gliomas
established in the mouse brain (data no shown). There-
fore, similar to that of MMP-2,"7 the stimulation of MT1-
MMP and LN 5 y 2 is involved in human glioma invasion
induced by Ang2 in vitro and in vivo.

Discussion

The involvement of Ang2, MMP-2, MT1-MMP, and LN 5 y
2 in the invasiveness of various human cancers including
gliomas has been intensively investigated using clinical
tumor specimens, xenografts of human tumor cells, and
cell culture models 5712152528 However, most of the
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studies focused on the roles of only one or two of these
molecules in human tumor invasion and metastases. In
this report, we use three distinct model systems to deter-
mine whether there is a significant link between the ex-
pression profiles and four important molecules, Ang2,
MMP-2, MT1-MMP, and LN 5 ¥ 2 and human glioma
invasion. First, we performed a comprehensive survey of
the expression profiles of Ang2, MMP-2, MT1-MMP, and
LN 5 y 2 by analyzing a total of 96 primary human glioma
specimens that included 57 samples containing a distinct
invasive edge and 39 glioma biopsies containing only
central regions of the tumor, and 4 normal brain biopsies.
Statistical analysis of our resuits establishes that there is
a significant association between the up-regulated ex-
pression of these molecules and the invasiveness of the
various gliomas in all four WHO grades. Additionally, low
levels of protein expression of these four molecules were
detected in the central areas of the majority of these
clinical glioma samples. Second, Western blot analyses
of microdissected primary glioma specimens showed
that MT1-MMP and LN 5 y 2 proteins were not only
co-up-regulated but also co-activated in the cells con-
sisting of the invasive edge of the tumor when compared
with the center regions of the same sample, thus support-
ing our findings of IHC analyses. Third, we further ana-
lyzed our recently established glioma invasion animal
model'” and showed that the aggressively invasive
UB7MG Ang2-expressing gliomas were accompanied by
up-regulated MMP-2, MT1-MMP, and LN 5 v 2 in tumor
cells that are actively invading the brain. Finally, stimula-

. tion of human glioma cells by overexpressing Ang2 or

exposure to exogenous Ang2 induced the expression
and activation of MT1-MMP, MMP-2, and LN 5 vy 2 in
glioma cells in vitro. Together, our data provide evidence
suggesting that up-regulation of Ang2, MMP-2, MT1-
MMP, and LN 5 y 2 in actively invading tumor celis
correlates with human glioma invasion and stimulation of
MMP-2, MT1-MMP, and LN 5 v 2 are involved in Ang2-
induced glioma invasion.

MMP-2, MT1-MMP, and LN 5 y 2 are important in tumor
invasion. In addition to the preferential expression in the
invading tumor fronts found in various types of primary
human cancers,*”2% these three molecules interact with
each other in promoting tumor cell invasion. It has been
shown that MMP-2, MT1-MMP, and TIMP-2 form a com-
plex on the cell surface, where MT1-MMP binds to and
activates pro-MMP-2 by proteolysis.® Both MMP-2 and
MT1-MMP also cleave LN 5 y 2 within the y 2 chain (155
kd) and generate proteolytic fragments, y 2’ (110 kd) and
v 2' X (80 kd). The released vy 2' X fragment is capable of
promoting tumor cell invasion®® and preventing tumor

Figure 3. Co-overexpression and co-activation of MT1-MMP and LN 5 ¥ 2 in the invasive edge of primary human glioma specimens. A: An example of performing
microdissection on the center region (a, circled area 1) and invasive edge of the tumor (a, circled area 2). a: An overview of the specimen (J151, GBM, grade
IV). b and c: Photographs of the central areas (1 in a) and invasive edge (2 in a} before microdissection. d and e: Photographs of the central areas (1 in a) and
invasive edge (2 in a) after microdissection. b and c: Enlarged photos of tumor center (circled area 1 in a). ¢ and e: Tumor invasive edge (circled area 2 in
a). B: Western blot analyses of total protein extracted from microdissected glioma tissues of tumor center (C, illustrated as area 1 in A; a, b, and d) and tumor
invasive edge (B, illustrated as area 2 in A, a, ¢, and €). OD grade 11, specimen ]181, an oligodendroastrocytoma; AA, grade 111, specimen J165, an astrocytic
astrocytoma; and J151, J152, and J155, GBM, grade IV, GBM. Top: Expression and activation of LN 5 -y 2; middle: expression and activation of MT1-MMP (the
second panel), and bottom: B-actin (a loading control). Mature LN 5 v 2 runs at 155 kd and cleaved 2’ and y2x run at 105 kd and 80 kd, respectively. Mature
and autocleaved MT1-MMP run at 68 kd and 45 kd, respectively. B-Actin runs at 43 kd. The experiments were performed two independent times and similar results

were obtained. Original magnifications: X12.5 (Aa); X40 (Ab-Ae).
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is to serve as controls showing that co-overexpression of Ang2, MT1-MMP, and LN 5 vy 2 arc localized in the same invading glioma cells in the brain. a, ¢, e, and
g: A glioma established by control US7MG/LacZ cells. b, d, £, and h: An invasive ghoma formed by U87MG/Ang?2 cells. a and b: H&E staining. Arrowheads in
a indicate the clean edge of US7TMG/acZ tumor spheroid. Arrowheads in b indicate spikes extended from tumor mass of the UB7MG/Ang?2 glioma. Arrows in
b show disseminated tumor clusters of U7MG/Ang2 gliomas. ¢ to h: IHC on serial sections of UB7TMG/LacZ or UB7MG/Ang2 gliomas using anti-Ang?2 (¢, d),
anti-MT1-MMP (e, £), and anti-LN 5 y 2 (g, h) antibodics. Arrowheads in ¢, ¢. and g indicate the cean edges of US7TMG/LacZ tumor spheroid. Arrows in d, f,
and h show the invasive wmor-spike and disseminated tumor clusters that expressed Ang2 (d), MTT-MMP (f), or LN 5 v 2 (h). Insets in d, f, and h show
isotype-matched 1gG controls. Ten to twelve individual samples in each class were analyzed. The experiments were repeated two additional times with similar
results. Original magnifications, X200.

cell apoptosis through the interaction with the epidermal v 2, MMP-2, and MT1-MMP are required for tumor vas-
growth factor receptor.?” LN 5 y 2 and MT1-MMP are cular mimicry vasculogenesis.?®2® Qur results corrobo-
found to be co-localized in invasive fronts of human rate these observations. We found that up-regulated ex-

breast cancers.? Indeed, cooperative interactions of LN 5 pression of MMP-2, MT1-MMP, and LN 5 v 2, but not
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Figure 5. Stimulation of human glioma cells by overexpressing Ang2 or
exogenous Ang2 promotes the expression and activation of MMP-2, MT1-
MMP, and LN 5 v 2, but not TIMP-2 in vitro. Top four panels: Western blot
analyses for expression and activation of LN 5+ 2 (the first panel from the
top), MT1-MMP (the second pancl), TIMP-2 (the third paneb), and B-actin
(the fourth panel, a loading control). Mature LN 5 ¥ 2 runs at 155 kd and
cleaved y2' and y2x run at 105 kd and 80 kd, respectively. Mature and
autocleaved MTT-MMP run at 68 kd and 45 kd, respectively. TIMP-2 rung at
22 kd. B-Actin tuns at 43 kd. Bottom: Zymography assays for the activation
of MMP-2.The pro-MMP-2 and the mature form of MMP-2 are shawn at 72 kd
and 64 kd, respectively.

TIMP-2, co-localized with the increased Ang2 in the invasive
areas of primary human glioma specimens, in U887MG
Angz-expressing gliomas in vivo as well as in Ang2-stimu-
lated glioma cells in vitro. Interestingly, stronger proteolytic
co-activation of LN 5 y 2 and MT1-MMP were found in the
proteins extracts from microdissected primary glioma inva-
sive tissues (Figure 3B) than the Ang?2 stimulation (by over-
expression oOr exogenous freatment with recombinant
Ang2) of UB7MG glioma cells in vitro, suggesting an optimal
tumor microenvironment in vivo was more potent in stimu-
fating the activities of these two extracellular matrix-modify-
ing enzymes critical for glioma cell invasion. Thus, our data
indicate that co-overexpression of these molecules is in-
volved in glioma invasion.

The ability of glioma cells to diffusively infiltrate normal
brain tissues without disrupting brain cytoarchitecture or
neuronal function is a hallmark of malignant human glio-
mas.'~® Glioma invasion does not correlate with glioma
grade because low-grade astrocytomas invade brain pa-
renchyma with high frequency. However, the degree of
tumor invasiveness is correlated with glioma grade.™ In
this study, seven of eight PAs displayed an infilirative
phenotype (Table 1) whereas grade Il Ill, and IV glioma
specimens in our collection contain distinct invasiveness
with identifiable tumor border and invasive areas. Expres-
sion profiles of Ang2, MMP-2, MT1-MMP, and LN 5 y 2
are correlated with the invasive edge of human gliomas,
especially in the invasive areas that are 0.25 mm away

Ang2, MMP-2, MT1-MMP, and LN 5 v 2 in Glioma 889
AP March 2005, Vol. 166, No. 3

from the tumor border. Increased levels of these proteins
were evident in the invasive regions in these grade | to IV
tumors (Tables 1 and 2; Figures 2A, 2B, and 2C, f, i, 1, o;
and data not shown) and in the tumor borders (Tables 1
and 2; Figures 2A, 2B, and 2C, e, h, k, n; and data not
shown). When compared with the other three molecules,
the expression profiles of LN 5 v 2 were relatively in-
creased in both invasive and noninvasive regions of
grade IV GBM tumors (Table 1). Strong activation of LN 5
v 2 at the invasive edge of the tumor (Figure 3B) supports
our IHC data that this tumor invasion marker is involved in
the progressive growth of malignant GBM tumors. These
data show that up-regulation of these four molecules,
particularly Ang2, MMP-2, and MT1-MMP, is correlated
with the invasiveness of malignant human gliomas.

In summary, our data demonstrate that co-localization
of up-regulated Ang2, MMP-2, MT1-MMP, and LN 5 y 2 is
significantly associated with human glioma invasion. Qur
results from the engineered human U87MG glioma
(Ang2-overexpressing, Figure 4) xenografts and cell cul-
ture model (stimulation of glioma cells by overexpressing
Ang2 or exposure to exogenous Ang?2, Figure 5), and
from previous reports®®—** suggest that Ang2 plays a
critical role in promoting human glioma invasion through
the activation of MMP-2, MT1-MMP, and LN 5 y 2 in
Tiez2-independent-pathways. The determination of the
mechanisms by which Ang2 induces glioma invasion
could provide critical information with regard to the po-
tential of Ang2 and its effectors as new therapeutic tar-
gets in glioma treatments.
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Accumulated evidence suggests that poly(ADP-ribose) polymerase-1 (PARP-1) is involved in
DNA repair, cell-death induction, differentiation and tumorigenesis. Parp-1 deficiency also
induces trophoblast differentiation from mouse embryonic stem cells during teratocarcinoma-
like tumor formation. To understand the relationship of PARP-1 dysfunction and development of
germ celltumors, we conducted a genetic analysis of the PARP-1geneinhuman germ cell tumors.
Sixteen surgical specimens of germ cell tumors that developed in the brain and testes were used.
Two known single nucleotide polymorphisms (SNPs) (Val762Ala and Lys940Arg), which are listed
in the SNP database of the NCBI (National Center for Biotechnology Information), were detected.
in both cases, cSNPs encoded amino acids located within peptide streiches in the catalytic
domain, which are highly conserved among various animal species. Furthermore, another
novel sequence alteration, a base change of ATG to ACG, was identified in a tumor specimen,
which would result in the amino acid substitution, Met129Thr. This base change was observed in
one allele of both tumor and normal tissues, suggesting that it is either a rare SNP or a germline
mutation of the PARP-1 gene. Notably, the amino acid Met129 is located within the second zinc
finger domain, which is essential for DNA binding and is conserved among animal species.
One SNP in intron 2 and one in the upstream 5'-UTR (untranslated region) were also detected.
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INTRODUCTION

Poly(ADP-ribose) polymerase (PARP-1) catalyzes polyADP-
ribosylation of various proteins (1), including histones, PARP-1
itself, X-ray repair cross-complementing factor-1 (XRCC-1)
(2), NF-xB (3) and p53 (4), using nicotinamide adenine dinu-
cleotide (NAD) as a substrate. PARP-1 is present in nuclei and
centrosomes (5) and is composed of three domains, namely:
DNA-binding, automodification and NAD-binding domains.
PARP-1 is activated by DNA strand-breaks and is involved
in DNA repair (6-8) and also in the maintenance of genomic
stability (9,10). PARP-1 takes part in cell-death induction
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through depletion of cellular NAD levels (11) and by activat-
ing apoptosis-inducing factor 1 (12). Parp-1 =~ mice show a
higher susceptibility to carcinogenesis induced by alkylating
agents (13,14).

PARP-1 also participates in the transcriptional regulation of
some genes (15-17) and in cellular differentiation (18-20).
Parp-1~"" mouse embryonic stem (ES) cells show preferential
induction of the trophoblast lineage (17), leading to trophoblast
giant cells (TGCs) after subcutaneous injection into nude mice
(20). The biochemical properties of TGCs resemble syncytio-
trophoblastic giant cells (STGCs) of human germ cell tumors. It
is thus suggested that PARP-1 deficiency may possibly trigger
differentiation of STGCs within germ cell tumors during tumor
formation. The appearance of STGCs in some trophoblastic or
choriocarcinomatous human germ cell tumors is reported to be
associated with high metastatic potential and poor prognosis
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(21). Tt is also interesting to note that teratocarcinoma cells
undergo differentiation in vitro, at least in part, in the presence
of the PARP inhibitor 3-aminobenzamide (19). Therefore, Parp-
1 could be involved in the development of teratocarcinomas.

The human PARP-I gene was previously mapped to
chromosome 1q41-q42 (22) and is 43 kb in length and contains
23 exons (23). There have been few reports concerning the
structural and functional analysis of the human PARP-! gene
in tumors (24,25). Prasad et al. (26) showed overexpression of
the PARP-1 gene in human Ewing’s sarcoma, and Menegazzi
et al. (27) observed increased expression of the PARP-1 gene
in high-grade lymphoma. Bieche et al. (28) observed that lower
expression of the PARP-I gene is associated with reduction in
genornic stability in human breast cancer. We recently reported
the reduced expression and structural alteration of the PARP-1
gene in some human tumor cell lines (29).

In the present study, we analyzed the PARP-/ gene in human
germ cell tumors in order to clarify the relevance of PARP-I
deficiency in the development of human germ cell tumors.

MATERIALS AND METHODS

Germ cell tumors were obtained from patients who were trea-
ted at the Saitama Medical School Hospital, Saitama, Japan,
the Kanazawa University Hospital and National Cancer Center
Hospital, Tokyo, Japan. Specimens of germ cell tumors of the
brain were taken from 14 patients and corresponding non-
cancerous tissue from 13 patients (Table 1).

Table 1. List of germ cell tumors

Tissue  Sample no.  Tumor type Normal
tissue
Testis Tl Mixed type germ cell tumor na
T2 nd na
Brain B2 Germinoma, pineal BN2
B4 Germinoma with STGC, BN4
neurohypophyseal
B5 Germinoma BNS
B6 Germinoma, pineal BN6
B7 Germinoma + BN7
immature teratoma, pineal
B8 Yolk sac tumor + BN8
immature teratoma, pineal
B9 Germinoma BN9
BI10 Germinoma BNI10
Bll Immature teratoma + yolk sac tumor + BNII
embryonal carcinoma
Bl12 Immature teratoma, pineal BN12
B13 Immature teratoma BNI13
B14 nd na
B15 nd BN15
Bl6 nd BN16

Oligonucleotide PCR primer sets for the 23 exons of the
PARP-1 gene were designed from intron sequences of the
respective exons based on the complete human PARP-]
sequence (Table 2). Each exon of PARP-/ was amplified by
PCR using 50-300 ng of genomic DNA with primer sets at a
1 uM concentration and with 100 mU of Ex Taq polymerase
(Takara BIO Inc., Tokyo, Japan) or LA Taq polymerase
(Takara BIO Inc.). The PCR amplification was performed
using a thermal cycler (Perkin Elmer) for 35 cycles with
94°C for 1 min, annealing performed at the respective tem-
peratures indicated in Table 2, for 1 min, and 72°C for 1 min,
after an initial hot start at 94°C for 5 min. PCR products were

purified using DNA Clean & Concentrator-"" (Zymo

Table 2. PCR primer sets

Exon Sense primer Antisense primer Annealing

temp (°C)*

1 aggcggeagegtgtitctag gttaactgtgtccgggaagg 63.0

ccaggcatcagcaatctatcag  gagcggeacttggggectat 66.8

(sense-2) (anti-2) >
2 aggetgtccteetttcacag geetegtetcagagageaaa 62.2
3 ccaaggcataaggtgtcc cacggtccagticicatg 62.0
4 aggctgeccgtatcatgttc caaaggccctacaggticca 62.2
5 ggtgtettctgeeatettg ggcagttattaaatagcatgge 59.8
6 ctectectecagttggatic gttgtggagtgactgtecea 62.2
7 tcccacattagtaagtgtee gtttatacttcaggtecctg 58.4
8 actgtctttcatcettaaagee ccactacttgetggtggtgt 63.4
9 tgcecagtecttictgtge gagtcgaacacagcgetgaa 61.1

10 tgaggstitggaagtacac cggaaccteteectitglg 59.8

11 gatgggaatgagaacaactc geacacatccaaatgecc 59.8

12 ggtagigtaiccaagaggc gecctggggaatgaaatct 58.4

13 aattcttccccacgtgaatg cccccaaaaatagaagaaaata 57.1

14 ccccacagacgeagatacc ccttcaatcttaaattgtgtgag 58.4

15 ctacagactciggatitggg cicaaggitaagaaacigpaa 58.4

16 tgctaaaagagaaagectgg gecegtecctececateat
gettttagaggatggggstc attttcecteectgectttta (anti-2)  64.0
(sense-2)

17 ggagggtttgccattcactg getggegeccaataattcac
ctctcaatatgtgcageaggt cattgetgetggtggteett (anti-2)  62.0
(sense-2)

18 aagtagatgaagaggtgg ctgggtagaaaagageag 55.0

19 ctgcacagtaatactaaccage — gggggattctgecagacat 62.2

20 gagaattagaagtgatggattgc  gcaccaattaggattettttctt 59.8

21 agcagtttagatggtetggg gtgtgtgtgegtigtigitg 59.8

22 cactgagctgaagtcacacc ggtececteectgtgeatag 62.2
gaccacatggacccaacatc 63.0
(sense-2)

23 geeecatgaagaggecttag gggaagaccaaaggaaggaa 60.0
gatgggtagtacctgtacta tgtgttgtgtetgtggggag
(sense-2) (anti-2)

STGC, syncytiotrophoblastic giant cells; nd, not determined; na, not available.

*Used as annealing temperature for PCR.



Reseach, USA), and then directly sequenced for both strands
using a DYEnamic ET Terminator Cycle Sequencing Kit
(Amersham Pharmacia Biotech, USA). The residual dye tet-
minator was removed using an Autoseq G-50 kit (Amersham
Pharmacia Biotech), and samples were analyzed on an ABI
Prism 310 Auto Sequencer (Applied Biosystems). Sequence
comparison was carried out against the sequence of the human
PARP-1 gene (accession no. NT004559) and its cDNA
(accession nos MI18112, M32721, MI17081, J03473,
BC037545 and BC014206).

RESULTS

Thirteen of 16 germ cell tumors were analyzed for all 23 exons.
Sequence alterations and single nucleotide polymorphisms
(SNPs) found in the PARP-I gene are listed in Table 3.
Eight SNPs were detected and two SNPs accompanied
amino acid substitution, Val762Ala and Lys940Arg, respect-
ively, as shown in Fig. 1 and Table 3. Three brain tumors (BS5,
B6 and B13) and their normal counterparts contained Val/Ala
heterozygous alleles at amino acid position 762. Two other
brain tumors (B10 and B11) and their normal counterparts only
possessed an Ala allele. Two brain tumors (B8 and B13) and
their normal counterparts only contained an Arg allele at
amino acid position 940. These two SNPs, Val762Ala and
Lys940Arg, are already in the list of the NCBI (National
Center for Biotechnology Information) database (http:/
www.ncbi.nls.nih.gov/) of SNPs. Interestingly, a brain tumor
(B10) contained a novel sequence alteration, ATG—ACG,
causing a Met129Thr amino acid substitution in one allele,
in both the tumor and normal counterpart (Fig. 1). This
sequence alteration has not been listed in the NCBI database
of SNPs, suggesting that it is either a rare allele or a germline
mutation. Four SNPs, which did not cause amino acid substi-
tution, were also found at Asp81, Ala284, Lys352 and Phe638
(Table 3). A novel sequence alteration of G to C was also found
in the upstream 5'-UTR (untranslated region) 17 bases
upstream of the translation initiation site, immediately down-
stream of a putative ETS-1-binding site (base —26 to —22) (30)
in one testicular tumor (T1). Although the normal counterpart
tissue for T1 was not available, we observed the non-hetero-
zygous C allele also in normal colon tissue (data not shown),
which suggests that this sequence alteration is an SNP. In
addition, an SNP in intron 2, which is located six bases
upstream of exon 3, was found.

DISCUSSION

In this study, we report a novel sequence alteration that
causes amino acid substitution, namely Met129Thr, in the
PARP-1 gene. This sequence alteration has not been reported
as an SNP and could be a germline mutation. Met129 is
located at the second zinc finger motif and a Met129Thr sub-
stitution may possibly affect the DNA binding activity of
PARP-1.

Jpn J Clin Oncol 2005,35(2) 99

Two SNPs that accompanied amino acid substitutions,
Val762Ala and Lys940Arg, were found. Both amino acid
residues are located in the catalytic domain of PARP-1 and
are highly conserved among species. The incidence of the
non-heterozygous GCG allele, which causes a Val762Ala
amino acid substitution, was higher (normal, 15.3%; tumor,
12.5%) than the reported value of 5.9% in the SNP 500 Cancer
Database of the NIH Cancer Genomic Anatomy Project (http://
snp500cancer.nci.nih:gov). The incidence of the mnon-
heterozygous AGG allele, which causes amino acid substitu-
tion Lys940Arg, was also higher than expected (normal,
15.4%; tumor, 12.5%) and the heterozygous allele was not
detected in the 16 samples analyzed. This may well be caused
by the small sample size. However, there is an alternative pos-
sibility that non-heterozygous alleles may promote develop-
ment of germ cell tumors. It should be further investigated
whether the Ala/Ala allele at amino acid residue 762 and
the Arg/Arg allele at amino acid residue 940 could contribute
to the development of germ cell tumors.

Recently, Lockett et al. (31) showed that the Ala/Ala
genotype of the Val762Ala SNP in the PARP-I gene is
associated with an increased risk for prostate cancer in
Caucasian subjects. They reported decreased PARP-1 activity
of Ala/Ala compared to the Val/Val genotype. Detailed ana-
lysis of genetic effects of Val762Ala, Lys940Arg and
Met129Thr on PARP-1 function may be helpful in under-
standing the significance of these SNPs in germ cell tumor
development.

A promoter allelotype of PARP-I is reported to relate to
susceptibility to rheumatoid arthritis (32). In this study,
we observed a novel sequence alteration of G to C at the
5'-UTR (see Table 3) in tumor sample T1. Although the normal
counterpart tissue was not available for T1, this sequence
alteration was likely to be an SNP because we found this
non-heterozygous C allele in the normal colon tissue from
an unrelated sample as well. This sequence alteration in the
5'-UTR, located 17 bases upstream from the first ATG, does
not overlap with Kozak’s consensus sequence (33), therefore
the effect on translation is not currently understood well. The
major transcription initiation site is present at 146 bases
upstream of this sequence alteration. The sequence alteration
by this SNP is located nine bases upstream of a putative bind-
ing site for transcription factor Ets-1 (30) and, in addition, this
region is GC-rich. Therefore, if the alternative transcription
starts from the nearby sequence, the transcription efficiency
may be affected by the secondary structural changes. Further
studies of the effect on the transcription and translation of the
PARP-1 gene may facilitate our understanding of the role of
the sequence alteration in the 5'-UTR.

We observed both a heterozygous and non-heterozygous
SNP in intron 2 at the same frequency (3/16) in germ cell
tumors. This SNP is located within close proximity to the
splicing acceptor site for exon 3. Nakata et al. (34) reported
that a relatively conserved stretch of (C/T)§NCAGG(C/T) at a
splicing acceptor site is generally observed in the introns. The
SNP at intron 2 in Table 3 located within this pyrimidine-rich
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Table 3. SNPs and sequence alteration found in the PARP-/ gene

Exon Nucleotide* Normal Germ cell Tumor sample Information on NCBI database of SNPs
“sz"'m ‘“”log ] ID of SNP Average estimated
(n=13) (n=16) heterozygosity*
Amino acid substitution
Met129Thr 3 ATG 12 15 T1, T2, B2, B4, BS, B6, B7, B8, B9,
Bl11, B12, B13, B14, B15, B16
ATG/ACG 1 1 B10 . nl nl
ACG 0 0
Val762Ala 17 GTG 8 11 T1, T2, B2, B4, B7, B8, B9,
B12, B14, B15, B16
GTG/GCG 3 3 B5, B6, B13 rs1136410 0.500
GCG 2 2 B10, B11
Lys940Arg 21 AAG 11 14 T1, T2, B2, B4,B6, B7, B, B10,
Bl11, B12, B14, B1S5, Bl6
AAG/AGG 0 0 rs321945 0.429
AGG 2 2 B8, B13
SNPs without amino acid substitution
Asp81 2 GAC nd** 12 T2, B2, B4, BS, B6, B7, B8, B10,
B12, B14, B15, Bl6
GAC/GAT nd 0 rs1805404 0.338
GAT 1 4 T1, B9, B11, BI3
Ala284 7 GCT nd 8 T2, B2, B4, B11, B13, B14, B15, B16
GCT/GCC  nd 2 B6, B7 rs1805414 0.500
GCC 1 6 T1, B5, B8, B9, B10, B12
Lys352 8 AAA 13 15 Ti, B2, B4, B5, B6, B7, B8, B9, B10,
B11, B12, B13, B14, B15, B16
AAA/AAG O 1 T2 rs3219061 0.332
AAG 0 0
Phe638 13 TTC 12 15 T1, T2, B2, B4, B5, B6, B7, B9, B10,
Bll, B12, Bi3, Bl4, B15, B16
TTC/TTT 0 0 : nl nl
ITT i 1 B8
SNPs in non-coding region
5'-UTR (—17 bp) G 13 15 T2, B2, B4, BS, B6, B7, B8, B9, B10,
Bl1, B12, B13, B4, B15, B16
G/C 0 0 rs907187 nl
C 0 1 T1
Intron 2 (15 610 bp) C nd 10 T2, B4, BS, B6, B8, B11, B12, B13,
Bl4, B16
C/A 1 3 B2, B7, Bi0 rs1805405 0.440
A nd 3 T1, B9, B1S
3/-UTR exon 23 (46 584 bp) G 11 14 T1, T2, B2, B4, BS, B6, B7, B9, B10,
Bil, B12, Bi4, B1S5, BI6
G/A 1 i B13 nl nl
A 1 1 B8

*Underline indicates the altered nucleotide.
*Calculated based on all variation data and their sample sizes, according to the method established by Sponge et al. (http://www.ncbi.nlm.nih.gov/SNP/Hetfreq.html).
SNP, single nucleotide polymorphism; UTR, untranslated region; nl, not listed; nd, not determined.

stretch [TTTGATT(C/A)TCCAGG, where italic AG corres- Germ cell tumors are known to be highly sensitive to chemo-
ponds to the intronic sequence at the intron—exon boundary]  therapeutic agents, including cisplatin, and radiation therapies.
and alteration of C to A may possibly affect the splicing  Since PARP-1 is involved in DNA repair, dysfunction of
efficiency at exon 3. PARP-1 may affect the outcome of cancer therapy besides
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Figure 1. Sequence alteration and SNPs of the PARP-1 gene associated with amino acid substitution. The upper and lower panels show heterozygous and
non-heterozygous alleles, respectively.

its impact on cancer susceptibility, indicating that functional

and genetic analysis of the PARP-/ gene is important not only

for the elucidation of the mechanism of cancer development
but also from a therapeutic point of view.
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cental alkaline phosphatese!® % c-Kit” 23H &
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R L TZ D SEEFERIZI0%Y Los R
5. Germinoma & T FRIHE L DEA: {0
AR K D EBEHHOMER, BEICBT 3
HEIZ IR AT~ D boost BRAT & HERHL 2L T H 5.
PRI ~ — B — O 7 5 germinoma B4 %
BATNWDEEZ L NDEMETNTT% P
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U, REZ RS & HERR 0B I EE D
EIY G A D Rl S: Sl TTANE N i 72 e
BHEEMEAER S TwAn, o, RIS
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AR INERBEELEWI L BWNETH S,
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Some Principles for the Treatment of Central Nervous System Germ Cell Tumors

by

Ryo Nishikawa, M.D.

Jfrom

Department of Neurosurgery, Saitama Medical School

Although the optimum treatment of intracranial germ cell tumors remains controversial, there are some basic
underlying principles. 1) It is important to confirm the histological type of the tumors by biopsy or extirpation. 2)
The appropriate extent of surgery for germinoma still remains to be discussed. The reliability of endoscopic biopsy
should be compared with the results of the definite pathology after open biopsy or extirpation of the lesion. 3) In
germinoma, it is not necessary to irradiate the whole spine. A reduced-volume radiotherapy such as whole-ven-
tricular irradiation, plus chemotherapy should replace craniospinal radiotherapy to avoid the late sequelae of large—
volume radiotherapy, such as impairment of endocrinological function or neurocognitive development. Focal irradia-
tion would lead to an increased risk of recurrence. 4) Chemotherapy alone without irradiation is not sufficient to
cure germinoma patients. 5) Neocadjuvant chemo-radiotherapy followed by complete excision of the residual

tumors should be considered in patients with non-germinomatous germ cell tumors.
(Received September 16, 2005 ; accepted October 31, 2005)
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