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Abstract t 

Wee reported previously the amplification of DNA markers in 17p12 in 3 of 60 
high-gradee gliomas. To detect additional cases, we screened in total 104 gliomas 
off various types and grades by Southern blot analysis using marker 745R, which is 
withinn the commonly amplified region. However, no other cases with significant 
amplificationn (amplification level 4) were found. To investigate in detail the extent 
off the amplifications in the three tumors, which were all glioblastomas, we 
determinedd 17p11.2~p12 amplification profiles by semiquantitative polymerase 
chainn reaction using 15 microsatellite markers and seven candidate genes. Distinct 
andd high-level amplifications, with maximum levels ranging from 15 to 38, were 
foundd in these tumors. The 0.8 Mb-region between D17S1525 and MAP2K4 in 
17p122 proved to be commonly amplified in these tumors. In one tumor, a 
heterogeneouss distribution of the amplification in 17p12 was found, suggesting that 
itt is a late event during glioma tumorigenesis. Another tumor showed additional 
high-levell amplification of PMP22 and D17S1843 in 17p11.2. From the high-level 
amplificationss we conclude that at least one, but possibly more, putative 
oncogeness are present in 17p11.2~p12 whose amplifications and/or 
overexpressionss contribute to glioma tumorigenesis. 
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1.. Introduction 

Gliomass are the most common primary neoplasms of the central nervous 
system.. These tumors are characterized by the presence of specific genetic 
alterations,, including mutations of TP53, CDKN2A, RB1, and PTEN, amplification 
off EGFR, and deletions of chromosomal arms 1p, 9p, 10p, 10q, 17p, 19q, and 22q 
[1]. . 

Inn previous studies, we detected amplification of DNA markers in chromosomal 
bandd 17p12 in high-grade gliomas [2,3]. However, this proved to be an infrequent 
event,, being present in only three of 60 investigated tumors. By comparative 
genomicc hybridization (CGH), amplification of 17p11.2~p12 was shown to occur at 
considerablyy higher frequency (13-29%) in osteosarcomas [4-6]. Furthermore, 
amplificationn of 17p was found in 24% of leiomyosarcomas [7], while gain of 17p 
wass detected in 16% of malignant fibrous histiocytomas [8], 38% of 
chondrosarcomass [9], and 42% of oral squamous cell carcinomas [10]. 

Thesee data suggest the presence of an oncogene or oncogenes on 17p that 
mayy contribute to the tumorigenesis of these tumor types. Due to the limited 
resolutionn of CGH, the exact location of the putative oncogene or oncogenes is still 
unknown.. Recently, we established by semiquantitative polymerase chain reaction 
(PCR)) detailed 17p11.2~p12 amplification profiles for osteosarcomas [11]. The 
profiless proved to be complex with frequent involvement and, in some cases, high-
levell amplification of marker D17S2041 in 17p12 and genes PMP22, TOP3A, and 
MAPK7MAPK7 in 17p11.2. 

Inn this study, we investigated 17p11.2~p12 amplifications in glioma. To find 
additionall cases, we first screened low- and high-grade gliomas for amplification of 
thatt region. However, no other cases were found. To further demarcate the 
oncogene-containingg region(s), we established detailed 17p11.2~p12 amplification 
profiless for the available gliomas and for glioma cell line SF763, the latter with 
CGH-provenn amplification of 17p11.2~p12 [12]. 
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2.. Materials and methods 

2.1.2.1. Tumor samples 
Thee investigated gliomas were classified and graded according to the World 

Healthh Organization criteria [13]. The tumors for which amplification profiles were 
establishedd have partly been analyzed in previous studies [2,3]. All tumor samples 
containedd at least 70% tumor cells. Genomic DNA were extracted from the tumor 
tissuess and cell line by standard methods. 

2.2.2.2. Probe and Southern blotting 
Thee determination of the amplification level of marker 745R, located between 

D17S9699 and MAP2K4 in 17p12, in the investigated gliomas by hybridization of 
thiss marker and reference marker D17S115 in 17cen~q12 to Southern blots has 
beenn described previously [3]. 

2.3.2.3. Markers and semiquantitative PCR 
Microsatellitee markers and candidate genes from the 17p11.2~p12 region and 

theirr respective locations within that region have been described previously [11]. 
Semiquantitativee PCR for the determination of amplification levels was performed 
byy simultaneously amplifying the test and reference markers. Test markers were 
thee microsatellite markers and candidate genes in 17p11.2~p12. D13S124 at 
13q211 and D6S290 at 6q25 were used as reference markers. Detailed procedures 
forr semiquantitative PCR and calculation of the amplification levels have been 
givenn previously [11]. 

Sincee the reference markers used for the Southern blot as well as 
semiquantitativee PCR analyses may occasionally be lost in the tumor, resulting in 
ann apparent amplification level of 2, and to exclude simple gains, only amplification 
levelss of 4 and higher were considered to represent significant amplifications. 
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3.. Results 

Too detect cases with 17p12 amplification, we screened by Southern blot 
analysiss a total of 104 gliomas (60 glioblastomas multiforme, 11 anaplastic 
astrocytomas,, 17 low-grade astrocytomas, and 16 oligodendrogliomas and oligo-
astrocytomass of various grades) for the presence of 745R amplification. This probe 
originatess from the commonly amplified region within 17p12 in glioma that we 
definedd previously [3]. Since others have demonstrated by comparative genomic 
hybridizationn 17p11.2-p12 amplification in glioma cell line SF763 [12], we also 
screenedd this cell line for 745R amplification. However, besides glioblastomas 
1197,, 1672 (sample 1), and 1683 (sample 1), with amplification levels of 25, 5, and 
8,, respectively, that we detected previously [2,3], and cell line SF763, with 
amplificationn level of 4, no additional cases with significant amplification were 
found. . 

Too establish detailed amplification profiles of 17p11.2-p12 in the three 
glioblastomass and in cell line SF763, we performed semiquantitative PCR using 15 
micro-satellitee markers and seven candidate genes from this chromosomal 
segment,, which spans 12 Mb. Amplification levels of markers and genes for the 
respectivee cases are given in Fig. 1. 
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Fig.. 1. Amplification levels for markers and candidate genes in region 17p11.2p12 in glioblastomas and 
inn cell line SF763. (Left) Case numbers; (top) Markers and candidate genes. Gray boxes denote 
markerss or candidate genes with amplification level equal to or greater than 4. Positions of the proximal 
andd distal CMT1A-REP are indicated (see text for details). (Bottom) Proportion of osteosarcomas 
showingg amplification level 4 (data from [11]). 
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Thee amplification profiles for the three glioblastomas with high-level 
amplificationss are shown in Fig. 2. 

Fig.. 2. Amplification profile of 17p11.2~p12 in glioblastomas. Amplification levels are plotted for each 
markerr and candidate gene. Distances are given in Mb from the telomere end of chromosome arm 17p. 
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Additionall samples from various sites within glioma 1683 (samples 1683-
2-1683-5)) were available for amplification analysis. Samples 1683-2, 1683-3, and 
1683-55 were histologically classified as grade IV, while sample 1683-4 was 
classifiedd as grade ll-lll. The amplified segment in the grade IV sample 1683-5 (see 
Fig.. 1) also proved to be present in grade IV sample 1683-3 (Fig. 3A) but was 
clearlyy absent in grade IV sample 1683-2 (Fig. 3B), and in grade ll-lll sample 1683-
44 (not shown). 

Fig.. 3. Amplification profile of 17p12 in different parts of glioblastoma 1683. (Left) Histology of parts (A) 
1683-33 and (B) 1683-2. (H & E staining). (Right) Corresponding amplification profiles for (A) 1683-3 and 
(B)) 1683-2. 
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4.. Discussion 

Fromm the amplification levels and profiles in Figs. 1 and 2 we conclude that the 
0.88 Mb region between D17S1525 and MAP2K4 in 17p12 is amplified in all three 
tumorss and, therefore, may harbor an oncogene whose amplification is relevant for 
thee genesis of these tumors. MAP2K4, to which gene product oncogenic [14] as 
welll as tumor-suppressive [15] functions have been attributed, is unlikely to be the 
rel-evantt oncogene, since this gene is not amplified in tumor 1672-2. Profiling of 
differentt parts of glioblastoma 1683 revealed that the amplification in 17p12 is 
heterogeneouslyy distributed throughout various high-grade segments of this tumor 
andd is absent in a lower-grade segment, suggesting that the amplification is a late 
eventt during glioma tumorigenesis (Fig. 3). In tumor 1672-2, besides the common 
amplificationn in 17p12, additional high-level amplifications were seen for PMP22 
andd D17S1843 (Figs. 1 and 2), which are both located at 17p11.2. 

Inn cell line SF763, significant amplifications are only seen for markers and genes 
inn 17p11.2, including TOP3A and MAPK7 (Fig. 1). Others [16,17] have reported the 
presencee in this cell line of 8-10 copies of the PMP22 gene and of the proximal 
andd distal repetitive elements flanking this gene (REPP and REPD; see Fig. 2 for 
thee location of these elements). As can be seen in Fig. 1, we found comparable 
copyy numbers (amplification level 3, being equivalent to 6 copies) in SF763 for the 
PMP22-containingg segment, although we do not consider these copy numbers as 
beingg representative for true amplifications. 

Recently,, we determined amplification profiles for osteosarcomas and found 
frequentt amplification of markers and genes in 17p11.2 and, in some cases, high-
levell amplification of genes, including PMP22, TOP3A, and MAPK7, in that band 
(seee Fig. 2, [11]). In the hereditary neuropathy Charcot Marie Tooth syndrome type 
1AA (CMT1A), homologous recombination between the misaligned REPP and 
REPDD sequences results in duplication of the PMP22 region that is flanked by 
thesee repetitive elements [18]. We argued that repetitive duplications resulted in 
amplificationn of that region in osteosarcomas. This might also explain the very high 
amplificationn level of PMP22 in glioma 1672. 

Besidess the three glioblastomas that we identified earlier, we did not detect 
additionall cases with 17p12 amplification among 104 gliomas. To identify such 
cases,, we used probe 745R, which is located between D17S969 and MAP2K4 
and,, thus, within the newly derived region of common amplification. Therefore, it is 
unlikelyy that we missed many cases with 17p12 amplification due to the inability of 
745RR to detect the amplification. Amplification levels were determined for all cells 
withinn a given tumor and analysis of tumor 1683 demonstrated that 17p12 
amplificationn may not be present in all parts of a tumor. Thus, it remains possible 
thatt cases in which only a subpopulation of tumor cells carried the 17p12 
amplificationn were not identified as having significant amplification of 745R. Finally, 
itt cannot be excluded that overexpression of the causative oncogene in 17p12 is, 
inn most cases, not the consequence of amplification of that gene. 
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Inn conclusion, the infrequent but very high-level amplifications in 17p12 in the 
threee gliomas imply the presence of an amplification target between D17S1525 
andd MAP2K4. In glioma 1672 and cell line SF763, markers and genes in 17p11.2 
weree found to be amplified. These are also frequently involved in amplifications in 
osteosarcomas.. We want to determine the expression status of all coding se-
quencess in the region between D17S1525 and MAP2K4 in the three gliomas. In 
thiss way, we hope to identify the gene whose overexpression is causally related to 
thee tumorigenesis of these and possibly other gliomas. 
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