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Abstract t 

Wee summarize and briefly discuss recent findings with respect to the 
amplificationn and overexpression of candidate oncogenes in 17p11.2~p12 in high-
gradee osteosarcomas. Amplification of this region occurrs in about 25% of cases. 
Thee amplification profiles are often complex and suggest the involvement of more 
thann one oncogene. The 17p11.2~p12 region harbors many low-copy repeats 
(LCRs).. We propose LCR-mediated repeated duplication by mitotic nonallelic 
homologouss recombination as mechanism for the generation of the amplifications 
inn this region. Genes PMP22 and C0PS3 and three expressed sequence tags from 
withinn 17p11.2~p12 have been found to be frequently overexpressed and 
consistentlyy overexpressed after amplification, which identifies them as candidate 
oncogeness in this region. Overexpression of COPS3 has been linked to TP53 
proteinn degradation and, being equivalent to TP53 mutation, the induction of 
genomicc instability, which frequently occurrs in highgrade osteosarcoma. These 
findingss may serve as a framework for future work aimed to identify the causative 
oncogeness in 17p11.2~p12, to clarify the mechanism of their amplification, and to 
determinee their importance in osteosarcoma tumorigenesis. 
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1.. Introduction 

Cytogeneticc and molecular studies have shown that osteosarcomas are 
characterizedd by complex structural and numerical chromosomal aberrations and 
byy genetic changes that cause the inactivation of tumor suppressor genes and 
activationn of oncogenes (for a recent update, see ref. [1]). One of the chromosomal 
regionss most frequently involved in these changes is 17p11.2~p12. Amplification 
(high-levell gain) of this region has been found in 13-32% of the highgrade 
osteosarcomas,, suggesting the presence of an oncogene (or oncogenes) whose 
activationn may contribute to osteosarcoma tumorigenesis. Recent studies have 
noww provided more detailed information about the extent and position of the 
amplifiedd segments within 17p11.2~p12 and about structural elements in this 
regionn that may facilitate the amplification events [2-5]. In other recent studies, 
geness have now been identified in 17p11.2~p12 that are overexpressed (and 
amplified)) in osteosarcomas, making them candidate oncogenes in this region 
[6,7].. The results of these studies will be presented and briefly discussed. 

2.. Amplification of 17p11.2~p12 

Metaphasee comparative genomic hybridization (CGH) analyses have 
demonstratedd gain or amplification of 17p in approximately 25% of high-grade 
osteosarcomass [2,5,8-13]. The amplifications that were found were usually 
restrictedd to 17p11.2 or 17p11.2—p12, although one paper [13] reported 
amplificationn of 17p13 only. To further define the amplified segments within 
17p11.2~p12,, amplification profiles were established by semiquantitative 
polymerasee chain reaction (PCR), using 15 microsatellite markers and 7 candidate 
genes,, in 19 high-grade osteosarcomas [2]. Most of the tumors displayed complex 
amplificationn profiles with frequent involvement of markers and genes in 17p11.2 
andd in the proximal part of 17p12, and with less frequent involvement of markers 
andd genes in the distal part of 17p12. The findings suggest that multiple 
amplificationn targets, including PMP22, TOP3A, and MAPK7 or genes close to 
thesee candidate oncogenes, may be present in 17p11.2~p12 and contribute to 
osteosarcomaa tumorigenesis. In accordance with the microsatellite-based 
amplificationn profiles, recent combined metaphase CGH and spectral karyotyping 
(SKY)) analyses revealed frequent amplification and rearrangement of 
chromosomall regions 17p11~p13 [3] or 17p11.2 [5] in osteosarcomas. Another 
high-resolutionn mapping of 17pwas recently performed by using microarray CGH 
[4].. It was found that five of nine tumors displayed amplification of 17p11.2-p12 
andd that three of these had lost one copy of the 17p13 region, which includes the 
TP53TP53 gene. Unfortunately, the mutational status of the remaining TP53 allele was 
nott given for the latter cases. Loss of heterozygosity (LOH) at the TP53 locus and 
att other positions in 17p was earlier reported for osteosarcomas with 17p 
amplificationn [14]. In general, mutation and/or allelic loss for TP53 is a frequent 
eventt in osteosarcoma, occurring in 50-60% of cases [15,16]. It is known that 
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TP53TP53 mutations disrupt checkpoint responses to DNA damage, resulting in the 
accumulationn of genetic changes. Indeed, it has been shown recently that the 
presencee of TP53 mutations in osteosarcomas correlates with high levels of 
generall genomic instability [17]. It will be interesting to determine whether this 
relationshipp is also apparent with respect to the amplification status of 
17p11.2-p12. . 

3.. Amplification of 17p11.2-p12 in other tumor types 

Exceptt for other sarcomas, gain or amplification of 17p11.2~p12 seems to be 
infrequentt in other tumor types. By using metaphase CGH, gain of 17p was 
detectedd in 50% of leiomyosarcomas and amplification, with a minimal overlapping 
regionn in 17p11.2~p12, in 25% of these tumors [18,19]. Furthermore, gain of 17p 
wass found in 16% of malignant fibrous histiocytomas [20] and 38% of 
chondrosarcomass [21]. Gain of 17p was also detected in 42% of oral squamous 
celll carcinomas [22]. More detailed information with regard to the portions of 
17p11.2~p122 implicated in the amplifications has been obtained for high-grade 
gliomass [23-25]. Amplification of this region was detected in only 3 of 60 (5%) 
investigatedd glioblastomas. Detailed 17p11.2—p12 amplification profiles for these 
tumorss were determined [25] by using the same markers and genes that were 
appliedd in the profiling of the osteosarcomas [2]. Distinct and high-level 
amplificationss were found in the three tumors and a 0.8-megabase (Mb) region in 
17p122 proved to be commonly amplified. One tumor displayed additional high-level 
amplificationn of the PMP22 gene. It could be shown that in two of these tumors 
bothh copies of the TP53 gene were inactivated by mutation or deletion [23,24]. This 
suggestss that, as in osteosarcoma, TP53 may be involved in the induction of 
genomicc instability, as exemplified by the amplifications in 17p11.2~p12. 

4.. Mechanism of 17p11.2~p12 amplification 

Finee mapping by microsatellite marker analysis suggested that in a number of 
thee investigated osteosarcomas, the boundaries of the amplifications coincided 
withh the positions of so-called REP sequences that mediate constitutional 
duplicationss and deletions in patients [2]. A 1.4-Mb genomic fragment 
encompassingg the PMP22 gene in 17p12 is duplicated in patients with Charcot-
Marie-Toothh type I disease (CMT1A) and deleted in patients with hereditary 
neuropathyy with liability to pressure palsies (HNPP) [26,27]. This genomic fragment 
iss flanked by two low-copy repeats (LCRs) of approximately 24 kilobases (kb), 
whichh are named proximal and distal CMT1A-REP. A 4-Mb genomic fragment in 
17p11.22 is likewise duplicated and deleted in patients with, respectively, 
dup(17)(p11.2p11.2)) syndrome and Smith-Magenis syndrome (SMS) [28,29]. The 
rearrangedd segment is flanked by large LCR of approximately 200 kb (proximal and 
distall SMS-REP) and contains one additional large LCR in the middle (middle 
SMS-REP).. The constitutional duplications and deletions in these patients are 
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thoughtt to arise during meiosis by nonallelic homologous recombination (NAHR) 
involvingg the misaligned REPs [30,31], LCR-mediated NAHR also occurs at mitosis 
inn somatic cells. It was therefore hypothesized that the same REPs may also be 
implicatedd in the repeated duplication of the CMT1A and SMS regions, giving rise 
too the amplification of these segments in at least some of the investigated tumors 
[2].. Other established amplification profiles of 17p11.2~p12 are not easily 
explainedd by the involvement of the CMT1A or SMS region-associated REPs. The 
recentt completion of the human genome sequence, however, has now allowed the 
detectionn of many other LCRs in proximal 17p. They constitute more than 23% of 
thee analyzed genome in this region, which is two- to fourfold higher than 
predictionss based on the virtual analysis of the whole genome [32], and have 
alreadyy been implicated in the generation of unusually-sized constitutional 
deletionss and chromosome translocations in patients [32] and in the formation of 
isochromosomee 17q in hematologic malignancies [33]. These additional LCRs may 
explainn the generation of the 17p11.2~p12 amplifications, in which the CMT1A and 
SMSS REPs seem not to be involved [4]. With respect to the latter, it is interesting to 
notee that the highest density of LCRs and the longest ones were present in 
17p11.22 and in the proximal part of 17p12 [4]. This distribution corresponds to the 
frequencyy in which markers and genes within this region were found to be 
implicatedd in the amplifications in osteosarcoma [2]. This suggests a causa! 
relationshipp between LCR density and frequency of amplification. Further 
refinementt of the breakpoints flanking the amplified segments by high-resolution 
microsatellitee marker analysis or region-specific (micro)array CGH and mapping of 
thesee breakpoints with respect to the positions of the LCRs should be performed to 
determinee whether these elements are important mediators of the amplifications in 
17p11.2~p12.. LCR-mediated nonallelic homologous recombination resulting in 
deletionn of a chromosomal segment is also now increasingly being recognized as 
ann important mechanism for inducing LOH in tumors (reviewed in [34]). It is 
interestingg to note that LCRs have also been mapped in 17p13, which contains the 
TP53TP53 gene [4]. One may speculate that LCRs in 17p mediate in osteosarcomas 
bothh the amplifications in 17p11.2—p12 and the inactivation of TP53 by LOH in 
17p13. . 

5.. Gene expression in 17p11.2~p12 

Onlyy limited information is available with regard to the expression status of 
geness in 17p11.2~p12 in osteosarcoma. By using cDNA microarray analysis the 
totall genome expression of 5,184 genes and expressed sequence tags (ESTs) 
wass determined in 3 osteogenic sarcoma cell lines and compared with their 
expressionn in normal osteoblasts [35]. However, from the eight genes that were 
foundfound to be most upregulated in all three cell lines, none mapped to 17p11.2~p12. 
Reasoningg that amplification of a causative oncogene in a tumor should result in 
increasedd expression of that gene, a 17p11.2—p12-specific cDNA array was 
constructedd which contained 40 genes and 21 ESTs, which was used for 
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expressionn profiling of 11 osteosarcoma samples and of normal osteoblasts [6]. 
Geness with at least threefold increased expression {compared with normal 
osteoblasts)) were considered as being overexpressed in the tumor. Genes PMP22 
andd COPS3 and ESTs AA126939, AA918483, and R02360 were found to be the 
mostt frequently overexpressed and to be most consistently overexpressed after 
amplification.. The overexpression of COPS3 was always accompanied by its 
amplification.. Several tumors displayed overexpression of PMP22 and the ESTs 
withoutt concomitant amplification. This suggests that mechanisms other than 
amplificationn caused their overexpression. EST AA126939 is derived from a gene 
thatt encodes the hypothetical protein FLJ20343 with unknown function. EST 
AA9184833 is from NCOR1, coding for nuclear receptor corepressor 1, which 
mediatess the transcriptional repression activity of some nuclear receptors. R02360 
iss an EST from a gene of hitherto unknown structure and function. By real-time 
reversee transcription-PCR, the overexpression of PMP22 and COPS3 could be 
confirmed.. Since no overexpression could be detected for TOP3A and MAPK7, 
whichh have been found to be amplified at high frequencies [2], the authors 
excludedd these genes as potentially causative oncogenes. It was concluded that 
PMP22PMP22 and COPS3, and possibly also the three ESTs, are candidate oncogenes 
inn 17p11.2-p12 in osteosarcoma. Amplification of PMP22 has also been detected 
inn rhabdomyosarcoma cell line RH30 [36], glioma cell line SF763 [36], and in a 
glioblastomaa [25]. PMP22 may have diverse functions in different tissues. In neural 
tissue,, its function is merely related to myelin formation, as both duplication and 
deletionn of PMP22 are linked to hereditary demyelinating diseases [26,27]. In non-
neurall tissues, PMP22 function is, in a complex way, associated with cell growth 
regulation.. In normal Schwann cells and in NIH3T3 cells, PMP22 expression 
increasess upon serum starvation-induced growth arrest. In contrast to this, serum 
withdrawall caused a considerable decrease of PMP22 expression in osteosarcoma 
celll lines [37]. It is clear that further studies at the transcriptional and protein level 
aree needed to clarify the function of PMP22 in osteosarcoma and possibly other 
tumorss as well. Amplification and overexpression of COPS3 in osteosarcoma has 
recentlyy been reported by others [7]. COPS3 is a subunit of the COP9 
signalosome.. Phosphorylation by this complex targets the TP53 protein to mouse 
doublee minute 2 homolog (MDM2)-mediated ubiquitination and subsequent 
degradationn by the 26S-proteasome. Overexpression of COPS3 (or of MDM2 on 
chromosomee arm 12q) would then result in increased degradation of TP53 protein 
and,, being equivalent to TP53 mutation, induction of genomic instability. The 
authorss noted that none of the osteosarcomas in their series with COPS3 or MDM2 
amplificationn had a TP53 mutation, suggesting that these are mutually exclusive 
events.. Given the earlier proposed concept that TP53 inactivation may induce 
genomicc instability, including amplifications in17p11.2-p12, it will be of interest to 
determinee the TP53 mutation status of tumors with and without inclusion of COPS3 
inn their 17p11.2~p12 amplification. 
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Inn conclusion, PMP22, COPS3, and the three ESTs are candidate genes whose 
amplificationn and overexpression might be causally related to osteosarcoma 
tumorigenesis.. Additional studies, including identification of the genes 
correspondingg to the ESTs and functional analyses of the gene products, will have 
too be done to assess their possible significance in the initiation and progression of 
osteosarcoma. . 
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