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Abstract
Brain tumors are the most common solid tumors of childhood, accounting for over 20% of cancers
in children under 15 years of age. Pilocytic astrocytomas (PAs), World Health Organization grade
I, are one of the most frequently occurring childhood brain tumors, yet little is known about
genetic changes characterizing this entity. We have used microarray comparative genomic
hybridization at 0.97 Mb resolution to study a series of PAs (n = 44). No copy number
abnormality was seen in 64% of cases at this resolution. However, whole chromosomal gain
(median 5 chromosomes affected) occurred in 32% of tumors. The most frequently affected
chromosomes were 5 and 7 (11 of 44 cases each) followed by 6, 11, 15, and 20 (greater than 10%
of cases each). Findings were confirmed by fluorescence in situ hybridization and microsatellite
analysis in a subset of tumors. Chromosomal gain was significantly more frequent in PAs from
patients over 15 years old (p = 0.03, Fisher exact test). The number of chromosomes involved was
also significantly greater in the older group (p = 0.02, Mann-Whitney U test). One case (2%)
showed a region of gain on chromosome 3 and one (2%) a deletion on 6q as their sole
abnormalities. This is the first genomewide study to show this nonrandom pattern of genetic
alteration in pilocytic astrocytomas.
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INTRODUCTION
Almost one-fourth of all neoplasia in children under 15 years of age occurs in the brain or
spinal cord (1). Pilocytic astrocytomas (PAs), World Health Organization malignancy grade
I (2), account for more than 20% of these central nervous system tumors in this age group
(3). They occur mainly in children and young adults.

Most cases accessible to gross resection are treated by surgery alone. Prognosis is generally
good, with 10-year survival rates of up to 96% (4). PAs are characterized by their relatively
circumscribed and often cystic presentation. They show limited infiltrative potential and
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only very infrequently progress to a more malignant phenotype. When this does occur, it is
generally decades after the initial PA diagnosis (5, 6). Reports on the frequency of
progression in PAs vary, with one report of <1% in cerebellar PAs, increasing to 1.8% if the
patient had received radiotherapy (7). Another report on PAs at all sites suggests progression
in 11% of cases in the absence of radiotherapy (8). PAs may also recur (in up to 19% of
cases in one study) after apparent gross total resection (8, 9).

The widely varied histology of pilocytic astrocytomas makes their diagnosis challenging,
and criteria for a PA diagnosis come with a number of caveats (10). This difficulty is
highlighted by a study that found that over half of tumors classified as PAs at review had
been misdiagnosed as higher-grade tumors at primary diagnosis (11).

Although the adult diffuse astrocytomas are becoming increasingly well characterized in
terms of the molecular mechanisms involved in their tumorigenesis and progression, the
mechanisms involved in PA formation remain unknown. Several cytogenetic and molecular
genetic studies have looked for common aberrations in PAs (12-24). The majority has found
few abnormal results with no consistent pattern. One study using fluorescence in situ
hybridization with pericentromeric probes reported chromosomal gains, most frequently of 7
and 8, in one-third of cases but did not investigate all chromosomes (23). Using R-banding
and classic cytogenetics, Zattara-Cannoni et al reported chromosomal abnormalities in 13 of
24 cases, including gains of chromosomes 7 and 8 in 3 cases each with a further 6 cases
showing random gains or losses (24). A metaphase comparative genomic hybridization
(CGH) study reported a pattern of multiple small gains and losses (22).

In an attempt to document genetic copy number changes in PAs, we carried out a microarray
CGH analysis of the whole genome at a resolution of 0.97 Mb on a series of well-
documented PA samples (n = 44). We report a novel, nonrandom pattern of whole
chromosomal gain that shows age-dependent differences in its frequency of occurrence.
Smaller regions of gain and loss were also observed in individual cases.

MATERIALS AND METHODS
Patients, Tumor Tissue, and DNA Isolation

Primary tumor samples from 44 patients with pilocytic astrocytoma were included in the
analysis. The tumors were resected at the Karolinska Hospital, Stockholm, and the
Sahlgrenska University Hospital, Gothenburg, Sweden, between 1987 and 1997. At
resection, the median age of the patients was 9 years (range, 0.5–33 years). Seven patients
(cases PA8, PA9, PA10, PA27, PA42, PA50, and PA65) had undergone a previous resection
for PA. However, in some cases, the second operation may represent removal of residual
material after a previous partial resection as opposed to true recurrence. Patients and tumors
are described in Table 1. Histopathologic classification was according to the most recent
World Health Organization recommendations (2). None of the cases in the series showed
features consistent with a diagnosis of pilomyxoid astrocytoma. All tumor pieces were
selected for DNA extraction after histologic examination to ensure a minimum of 70%
tumor cells. DNA was extracted from tumor pieces and blood lymphocytes as described
previously (25). Tumor samples were stored at −135°C and blood samples at −20°C before
DNA extraction. Extracted DNA was stored at −80°C.

Microarray Comparative Genomic Hybridization
A genomic microarray at a resolution of 0.97 Mb was constructed with clones obtained from
the Wellcome Trust Sanger Institute as described previously (26, 27). Briefly, clone DNA
was extracted and amplified with 3 DOP primers. The DOP-polymerase chain reaction
(PCR) products were then mixed and amplified with a 5′-amine-modified primer. These
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PCR products were spotted in duplicate onto amine-binding slides (Amersham Biosciences,
Little Chalfont, UK) and stored in the dark at room temperature. Drosophila control clones
and clones from each chromosome were distributed evenly through the 24 blocks of the
array. Detailed clone information is given in Supplemental Table 1.

Labeling and hybridizations were performed essentially as described previously (28).
Briefly, 400 ng of test and reference DNA were labeled using a Bioprime Labeling Kit
(Invitrogen, Carlsbad, CA) with a modified dNTP reaction mixture as described (28). Test
DNA was hybridized with sex-mismatched reference DNA from samples of pooled blood
from 20 normal males or 20 normal females. The labeled and purified test and reference
DNA were mixed and coprecipitated with 45 μg Cot1 DNA (Roche Diagnostics, Mannheim,
Germany). The precipitated DNA was dissolved in hybridization buffer, incubated at 37°C
for 2 hours, and hybridized to the array that had been prehybridized with 480 mg herring
sperm DNA (Sigma-Aldrich, St. Louis, MO) and 80 μg Cot1 DNA. Arrays were allowed to
hybridize for up to 24 hours at 37°C and then washed as described (28). In one case, a
region of alteration was characterized in more detail through use of a tiling path array of
chromosome 6. Clones, array construction, and hybridizations were carried out as previously
described (29).

Array Analysis
Arrays were scanned and analyzed as described elsewhere (28). Spots were excluded and
copy number scored largely as previously described (27). Briefly, clones with log2 ratios
falling more than 3 standard deviations (SDs) from the mean log2 ratio of all spots in 6
normal–normal hybridizations were excluded as were those mapped to multiple locations of
the NCBI35 assembly (available at www.ensembl.org/Homo_sapiens/) and those displaying
inconsistent values compared with neighboring clones in multiple cases. This left 3,038
clones for use in analysis with a mean midclone separation of 0.97 Mb. Spots were excluded
for each array if they had a reference intensity of less than quadruple the average intensity of
6 Drosophila bacterial artificial chromosome (BAC) spots. Spots with poor morphology,
overlying artefact, or with a difference in ratio of more than 10% between replicates were
also excluded. An average of 95.7% of spots passed per array.

Small regions (<10 clones) were assessed as gained or lost if 2 or more consecutive clones
showed a log2 ratio outside of 3 SD from the mean of all log2 ratios in normal–normal
hybridizations. Larger regions of gain or loss (such as chromosome arms or whole
chromosomes) were assessed by subjective judgment in which all clones in a region were
noticeably above or below the baseline of log2 ratios in other chromosomes.

Microsatellite Analysis
Microsatellite analysis was performed as described previously (30) using markers D1S243,
D1S2667, D1S426, D1S2799, D6S344, D6S276, D6S1657, D6S311, D7S659, D7S494,
D7S486, D7S480, D11S1318, D11S926, and D11S915. The primer sequences were those
publicly available (www.ensembl.org/Homo_sapiens).

Interphase Fluorescence In Situ Hybridization on a Tissue Microarray
A tissue microarray of a subset of tumors was constructed as follows. Cores (n = 3 for each
case) of 0.6-mm diameter were taken from 5 PAs after tumor-rich areas were identified in
hematoxylin & eosin-stained sections. These cores were arrayed into a fresh paraffin block
using a manual tissue arrayer (Beecher Instruments, Silver Spring, MD). Five-micrometer
sections from the array were placed on positively charged slides and dried overnight at
37°C. After dewaxing in xylene and rehydration in an ethanol series, the slides were
pretreated with 12 g pretreatment powder (Qbiogene, Inc., Irvine, CA) in 40 mL 2 × SSC at
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45°C for 15 minutes and washed briefly in 2 × SSC. Protein digestion in Proteinase K (250
μg/mL, 45°C) was performed for 2 hours. The slides were washed in 2 × SSC and
dehydrated. Dual-color fluorescence in situ hybridization (FISH) reactions were performed
using commercial centromeric alpha satellite probes for chromosomes 7 (spectrum-Orange)
and 17 (spectrumGreen) (Vysis, Downers Grove, IL). Probe mixture (1 μL of each probe, 6
μL buffer, and 2 μL dH2O) was added to the slide and covered with a coverslip. The slide
was then heated to 72°C for 5 minutes before being transferred to a 37°C hybridization
chamber overnight. Washing of slides was performed as per probe manufacturer’s
instructions. Slides were counterstained with VECTASHIELD HardSet Mounting Medium
with DAPI (Vector Laboratories, Peterborough, UK). A Zeiss Axiophot epifluorescence
microscope equipped with a x63 oil immersion objective and DAPI, spectrumOrange, and
FITC filter sets were used to view nuclei. Normal ranges were calculated for all probes by
counting the fluorescent signals from 200 nuclei of white and grey matter from normal
cerebrum.

Immunohistochemistry
Tissue sections of 4-μm thickness were placed on polyionic slides (Dako, Ely, UK). After
rehydration, immunohistochemical analysis was performed using mouse monoclonal
antibodies against human CD68 (clone KP1) and CD45 (clones 2B11 and PD7/26) as the
primary antibodies (Dako). Detection was by the ChemMate peroxidase/DAB kit and
EnVision detection system (Dako). All procedures were carried out according to the
manufacturer’s instructions.

RESULTS
The majority of cases in this series (28 of 44 [64%]) showed normal copy number across the
genome. Gain of at least one chromosome (median, 5 chromosomes affected; range, 1–9)
was seen in 32% of cases (14 of 44). One case (PA35) showed a pericentromeric gain on
chromosome 3 in addition to whole chromosomal gains, whereas small regions of loss or
gain were the sole abnormality in a further 2 cases (4%). Thus, small regions of copy
number change were not a common finding of this study. Potential regions of loss or gain
involving only one clone at 0.97 Mb resolution are awaiting further confirmation. A
representative microarray comparative genomic hybridization (aCGH) plot of PA29
showing gain of chromosomes 5, 6, 7, 8, and 11 is shown in Figure 1.

The most commonly gained chromosomes were chromosomes 5 and 7, which were gained
in 11 cases each (25%). Concomitant gain of chromosomes 5 and 7 was seen in 8 cases
(18%). Gain of chromosomes 6, 11, 15, and 20 was also seen in greater than 10% of cases
each. A summary of all changes is included in Table 1. Raw data and clone information are
provided in Supplemental Table 1.

A higher number of female cases with chromosomal gains than males was observed (43%
and 22%, respectively), but this difference was not significant (p = 0.20, 2-tailed Fisher
exact test).

There was also no significant difference in the frequency of copy number alteration in
tumors from different locations. All sites affected in 3 or more cases showed at least one
case with chromosomal gain.

Cases with grossly normal copy number at 0.97 Mb resolution were slightly more likely to
show histology representative of a “classic” presentation of PA (20 of 30 [66%]), whereas
those with whole chromosomal gain were more likely to show unusual features such as
marked blood vessel proliferation or necrosis (7 of 14 [50%] showed a classic presentation).
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However, this difference did not approach significance (p = 0.33, 2-tailed Fisher exact test).
The difference in frequency of whole chromosomal gain in cases that had undergone a
previous resection (4 of 7 [57%] showed gain) compared with cases undergoing primary
surgery (10 of 37 [27%] showed gain) also did not reach statistical significance (p = 0.18, 2-
tailed Fisher exact test).

Microarray Comparative Genomic Hybridization of Cases in Patients Under 15 Years of
Age (n = 32)

A cutoff age of 15 years was used to divide the cases into childhood and adult groups
because this age is used by the American Cancer Society (www.cancer.org) and the United
Kingdom Office for National Statistics (www.statistics.gov.uk) to define childhood cancer
incidence. The childhood cases had a median age of 6 years with a range of 6 months to 14
years. A normal complement of DNA across the genome was seen in 23 (72%) of these
cases.

Seven of the cases (22%) showed gain of between one and 5 chromosomes. Only 3 of these
7 cases showed gain of more than one chromosome. The most commonly gained
chromosome in this group was chromosome 7, which was gained in 5 cases. Gain of
chromosome 7 was the sole change in 3 cases. The second most commonly involved
chromosome was chromosome 5, which was gained in 4 cases.

Two cases showed small regions of alteration as the sole abnormality. A region of gain of
maximum 4.4 Mb was seen in PA20 at 3p25.2–25.3, encompassing BACs RP11-334L22 to
RP11-163D23 (Fig. 2). PA47 showed a deletion of BAC KB-764F10 at 6q26 (Fig. 3). This
deletion was confirmed by further analysis on a chromosome 6 tiling path array (Fig. 3
inset) and was shown to involve a 230-kb region, including BACs KB-764F10, RP11-266I4,
RP11-307K1, RP11-494F24, and RP11-27G12. A further 10 cases (PA2, PA3, PA5, PA9,
PA10, PA24, PA29, PA41, PA42, and PA48), chosen to represent a cross-section of ages,
genders, and ploidy, were also screened with the chromosome 6 tiling path array. No further
changes below the level of detection of the 0.97 Mb array were detected.

Microarray Comparative Genomic Hybridization of Cases in Patients Over 15 Years of Age
(n = 12)

The median age of adult cases was 25 years (range, 16–33 years). Five of these cases (42%)
had an apparently normal complement of DNA across the genome. The remaining 7 cases
(58%) all showed multiple chromosomal gains involving between 4 and 9 chromosomes. In
contrast to the childhood group, no case showed gain affecting only one chromosome. The
most commonly involved chromosome was chromosome 5, which was gained in all cases
showing any chromosomal gain, followed by chromosomes 6 and 7, which were each gained
in 6 cases. In addition, PA35 showed a pericentromeric region of gain encompassing a
maximum of 9.3 Mb in 3q11.2 including BACs RP11-88I7 and RP11-12A13 (Fig. 4).

Statistical Comparison of Pilocytic Astrocytoma From Those Under and Over 15 Years Old
The occurrence of chromosomal gain was not evenly distributed by age. An overview of
changes in adult and childhood cases, grouped to show patterns of chromosomal gain, is
presented in Figure 5. In the adult group, 58% of cases (7 of 12) showed gain of at least one
chromosome, whereas in the childhood group, only 22% of cases (7 of 32) showed whole
chromosomal gain. This difference is statistically significant (p = 0.03, 2-tailed Fisher exact
test). In the subset of cases that showed whole chromosomal gain, the number of
chromosomes affected also differed between age groups. A median of 5 chromosomes was
gained in the adult cases and a median of one in childhood cases with gain. This difference
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is also significant (p = 0.02, 2-tailed Mann-Whitney U test). Of further note is the fact that
no chromosomal gains were seen in any case from a patient of less than 10 years of age.

Verification of Copy Number Change by Fluorescent In Situ Hybridization and
Microsatellite Analysis

Because the level of copy number change seen on aCGH data is dependent on the tumor cell
content of the sample (all tumor tissue will contain normal cells such as blood vessel
components, inflammatory cells, macrophages, and so on; see next section), and some of the
changes seen were subtle alterations in the tumor:normal DNA ratio, independent
verification of copy number by other methods was considered essential. A subset of cases
for which paraffin-embedded sections were available was analyzed by interphase FISH
using centromeric probes. As an example, the whole genome plot for PA9 showed a subtle
increase in log2 ratio, which was interpreted as indicating gain of chromosome 7 (Fig. 6).
FISH analysis of a section from PA9 clearly showed trisomy of chromosome 7 (Fig. 6 inset).

In addition, a subset of cases showing subtle copy number changes was assessed by
microsatellite analysis. Insets on Figures 1 and 6 show that allelic imbalance is observed for
microsatellites in regions assessed as gain from the aCGH plot, and balance is seen when
aCGH is judged to show normal copy number.

In all other cases analyzed with microsatellites and/or interphase FISH, these techniques
confirmed the interpretation of the aCGH results. It is a feature of the sensitivity of
microarray CGH and the quality of material for this tumor series that it was possible to
determine these very subtle but independently verifiable changes in copy number.

Immunohistochemical Analysis of the Microglial/Macrophage Content of Tumors
To assess the contribution of microglia/macrophages to the normal cell component of tumor
samples, antibodies against a macrophage marker (CD68k) and a more general immune cell
marker (CD45) were used in an immunohistochemical analysis on a subset of tumors. All
tumors showed some positively stained cells with a range for CD68K immunoreactive cells
of 3% to 16% (mean, 10%) and for CD45 of 4% to 22% (mean, 15%). These results were
used to calculate a revised figure for tumor cell content in these cases, and the size of any
changes in log2 ratio seen on their aCGH plots correlated with the revised figure (Table 2).

DISCUSSION
The first striking feature of this study is the large number of tumors showing normal genetic
copy number profiles across the genome on this 0.97 Mb resolution array. This indicates that
in these tumors, alterations other than large regions of gain or loss of genetic material are
responsible for tumorigenesis and that this applies to the majority of pilocytic astrocytomas.
Possibilities include smaller changes than could be detected by this array, balanced
translocations (which are not detectable by aCGH), and epigenetic changes such as gene
silencing by promoter methylation. Hypermethylation of several tumor-suppressor genes has
been reported in PAs, including ras association domain family 1a (RASSFIA),
retinoblastoma gene (RB1), cyclin-dependent kinase 4 inhibitor A ( p16INK4A), and tumor
protein p73 (31, 32).

The recurrent, nonrandom pattern of chromosomal copy number aberration identified in this
study, albeit in only one-third of the cases, is also remarkable. The only previous study to
suggest recurrent whole chromosome changes in this tumor type used FISH with a limited
number of pericentromeric probes and found chromosomal gains, most commonly of 7 and
8, in 6 of 18 cases (23). Chromosome 5, which we have found together with chromosome 7
to be the 2 chromosomes most frequently affected in PA, was not investigated.
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Trisomy 5 has been reported as an indicator of both good and poor prognosis in various
lymphoreticular cancers (33-35). In sporadic digestive tract neuroendocrine tumors, gain of
chromosome 5 is thought to be a late event associated with tumor progression and is often
found in association with trisomy 7 (36). Trisomy 7 is found in many tumor types. Notably,
it is one of the most frequently altered chromosomes in grade II–IV diffuse astrocytomas
(37, 38). However, trisomy 7 is also found in a number of peritumoral and nonneoplastic
tissues and has been documented in short-term cultures of normal brain (39, 40).
Furthermore, it has been reported that gain of chromosome 7 in neoplastic and nonneoplastic
tissues may be linked to age and not disease (41).

Aneuploidy, as seen in one-third of PAs in this study, is a common feature of solid tumor
cells. The debate regarding the significance of aneuploidy as a driving force behind
tumorigenesis as opposed to merely a bystander effect is still ongoing (42, 43). Also,
aneuploidy is often thought of in connection with a breakdown of the checkpoints
controlling chromosomal segregation leading to random chromosomal gains and losses at
each cell division. Yet, once generated, individual chromosomal changes must be
maintained through many generations if they are to show clonal expansion within the tumor.

Once generated, copy number changes may cause altered expression of genes on the
affected chromosome(s), which will upset the balance of signals needed to maintain normal
cell behavior. The embryonic lethality of aneuploidy of the majority of autosomes supports
this hypothesis. This alteration in expression as opposed to chromosomal copy number
changes per se may drive tumorigenesis. An increased incidence of cancer in sufferers of
mosaic variegated aneuploidy, a rare recessive disorder characterized by constitutional
alterations in DNA ploidy, lends weight to the suggestion that the effects of chromosomal
imbalances may indeed play a causal role (44). However, the possibility remains that other
genetic changes leading directly to tumorigenesis may coincidentally cause aneuploidy that
then provides some growth advantage without being responsible for initiating the tumor.

The extent of aneuploidy seen in PAs differs significantly in its age distribution, being more
common and affecting more chromosomes in older patients. One explanation for this might
be that the PAs in the adults developed in childhood and remained undiagnosed such that the
trisomies have been acquired with time. In this case, the aneuploidy might be a consequence
not directly involved in the initial development of the tumor. This may also indicate a
limited window of time during development in which there is the potential for initiation of a
PA. The decreasing incidence of PAs with increasing age may support this hypothesis.
Alternatively, the differing chemical and structural environments of childhood and adult
brains may require the development of different genotypes and thus phenotypes to produce a
histologically similar tumor. In this case, chromosomal copy number change may truly
define a distinct genetic subgroup of this tumor type. Genetic subgroups of astrocytomas and
other brain tumors have previously been reported (45-47), and it has been shown that these
groups can correlate with prognosis (48, 49), possibly in an age-dependent manner (50).
Interestingly, another grade I glioma, myxopapillary ependymoma, is also characterized by
chromosomal gains but shows a different pattern in terms of the chromosomes involved
(51).

Small regions of gain and loss were also seen in some tumors in our series, but they were not
a feature of most cases. The region of gain on chromosome 3 in PA20 contains 49 gene
entries in the Ensembl database (www.ensembl.org), which are listed in Supplemental Table
2. Gain of several of these genes would not intuitively suggest a growth advantage. For
example, the von Hippel-Lindau tumor-suppressor gene, VHL, which is deleted in several
tumor types (52), FANCD2 (involved in DNA repair), and CIDEC (a cell death effector
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protein). However, the region also includes the RAF1 (C-raf) protooncogene, which is
implicated in several cellular processes important in oncogenesis (53).

The region of gain on chromosome 3 in PA35 is pericentromeric. The 3q clone closest to the
centromere shows gain, whereas the most centromeric clone on 3p shows normal copy
number. However, the resolution of our array is not as high around the centromeres as it is in
euchromatic areas. The maximal gained region contains 11 confirmed gene entries in
Ensembl (Supplemental Table 3), including the EPHA3 gene, which encodes the ephrin type
A receptor 3 and which may play a role in tumor angiogenesis and progression (54).

The deleted region of chromosome 6 in PA47 spans roughly 230 kb on 6q26. This region is
within the fragile site FRA6E and includes parts of introns 1 and 2 and all of exon 2 of the
PARK2 gene. This gene is an E3 ubiquitin ligase implicated in autosomal-recessive juvenile
Parkinsonism and contains 12 exons spaced over nearly 1.5 Mb. It has also been shown to
be altered in several cancer types, including breast, ovarian, hepatocellular, and nonsmall
cell lung cancer (55-57). Homozygous deletions affecting exon 2 specifically have been
reported in 2 lung adenocarcinoma cell lines, Calu-3 and H-1573 (55). The FRA6E region
has also recently been shown to be altered in higher-grade astrocytomas (29, 58). Other
potential regions of gain or loss spanning only one clone on the 0.97 Mb array are awaiting
confirmation at higher resolution.

Of the 44 cases examined in this study, 40 were also subject to a previous metaphase CGH
analysis. Except for one case, all previous changes were identified in the current study, and
the aCGH method also detected many more changes than previously reported. The one
discrepant case showed genomewide normal copy number in the present study, whereas the
previous analysis appeared to indicate a number of regions of gain. Repeat array
hybridizations for the case gave identical results.

The degree of change in log2 ratio seen in an aCGH plot is dependent on the normal cell
content of the tumor sample. In effect, there is a dilution of tumor cell DNA by normal DNA
from cell types such as macrophages. Cells of the vasculature are accounted for in the tumor
content figures given in Table 1, but other normal cell types that are difficult to identify
histologically without immunohistochemistry are not. Thus, as the normal cell content of the
tumor samples may be higher than originally estimated, we carried out
immunohistochemistry for CD45 and CD68 on a subset of the cases to identify macrophages
and inflammatory cells. Activated microglia have long been known to infiltrate gliomas with
one study reporting that up to 52% of cells in areas described grossly as pilocytic
astrocytoma may in fact be macrophages (59, 60). A revised figure for tumor cell content
was calculated for this subset (Table 2), and it is interesting to note that the size of changes
in the log2 ratio on the aCGH plot correlated with this revised figure. This provides an
explanation for the subtlety of the copy number changes seen in several cases. An additional
explanation for the subtlety of changes may be that there are subpopulations of tumor cells
present with and without a given abnormality. A combination of these 2 effects may be the
true cause.

Expression array analysis of childhood PAs has indicated 2 subgroups in this tumor type,
which may differ in their clinical and biologic behavior in terms of likelihood of recurrence
(61). It would be of great interest to see if the subgroups proposed here, based on genomic
status, also show common differences in their gene expression profiles. Characterization of
genetic changes in a series of PAs with very long-term follow up would also be of value to
determine whether whole chromosomal gains correlate with recurrent behavior or, in the
rare cases when it does occur, malignant transformation of PAs. In addition, further studies
to investigate the possibility of very small copy number changes, balanced translocations,

Jones et al. Page 8

J Neuropathol Exp Neurol. Author manuscript; available in PMC 2009 October 14.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



and epigenetic alterations will also be necessary to improve our understanding of the
tumorigenic processes leading to the formation of pilocytic astrocytomas.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Whole genome microarray comparative genomic hybridization (aCGH) plot of DNA copy
number ratio for sample PA29 showing gain of chromosomes 5, 6, 7, 8, and 11. Insets show
microsatellite data from markers in chromosomes 1, 6, 7, and 11. Note the increase in the
intensity of the tumor alleles indicating a gain of genetic material on chromosomes 6, 7, and
11 correlating with the gains shown in the aCGH plot. Microsatellite analysis of
chromosome 1 indicates balance, again correlating with the aCGH data.
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FIGURE 2.
Part of a whole genome microarray comparative genomic hybridization plot from sample
PA20 showing DNA copy number ratio across chromosome 3, including a region of gain on
3p.
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FIGURE 3.
Part of a whole genome microarray comparative genomic hybridization plot from sample
PA47 showing DNA copy number ratio across chromosome 6. The inset shows the region
from a chromosome 6 tiling path array corresponding to the region of loss at 6q26 seen on
the 0.97 Mb resolution plot.
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FIGURE 4.
DNA copy number ratio across chromosome 3 for PA35 indicating a pericentromeric region
of gain.
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FIGURE 5.
Summary of changes found in 44 primary tumor samples grouped to show similar patterns
of chromosomal gain. Cases with no chromosomal gain are in descending age order. The
age of each case is shown with the case number (n/a, not available). Adult cases are shown
on the top and childhood cases underneath with chromosome number indicated below both.
Each filled box represents a chromosomal gain. *, Small region of gain; ×, small region of
loss.
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FIGURE 6.
A whole genome plot for PA9 showing a subtle gain of chromosome 7 confirmed by the
gain of intensity of the tumor allele seen on the inset. A fluorescent in situ hybridization
image of a section from PA9 is also shown. Chr7 centromeric probes are shown in red and
Chr17 centromeric probes in green with a blue DAPI counterstain. Positions of centromeres
of chromosomes 7 and 17 on the microarray comparative genomic hybridization plot are
shown with a red and green dot, respectively. After immunohistochemical analysis with
CD68k and CD45, this case had a revised estimate of tumor cell content of only 66%.
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er
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d 
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h 

ca
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N
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, d
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C
G

H
, m

ic
ro

ar
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y 
co

m
pa

ra
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e 
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m
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yb
ri

di
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 is
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d 
by

 s
ub
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ac

tin
g 
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e 

m
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n 
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2 
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 e
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in
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† W
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n 
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or

 m
or

e 
ch

ro
m
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om

al
 g

ai
ns

 w
er

e 
se

en
 o

n 
th

e 
aC

G
H

 p
lo
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 o

f 
th
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e 

ca
se

s,
 th

e 
m

ea
n 

lo
g2
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io
 o

f 
th

e 
ch

an
ge

(s
) 

is
 g
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en

.

J Neuropathol Exp Neurol. Author manuscript; available in PMC 2009 October 14.


