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Various molecular abnormalities have been identified 
which correlate with the grade or stage of bone malig­
nancies and in some cases to their morphological 
type. The situation is dissimilar to that of the soft tis­
sue tumours, where so many of the tumour types are 
associated with unique translocations that generate 
unique and distinct fusion transcripts (Weiss and 
Brooks 1996). 

Cytogenetics can provide the molecular biologist 
with a large scale map of the genome to "home in" on 
areas of interest in a particular tumour. The cytogenet­
ic analysis of bone tumours is still incomplete due to 
the scarcity of these tumours, the technical problems 
associated with harvesting and culturing the cells, and 
the difficulties associated with diagnosis and classifi­
cation of bone tumours. 

The classification of bone tumours is almost entire­
ly morphologically based. As such, any particular 
morphological class of tumour may contain a number 
of subgroups based on their molecular abnormalities, 
or that two morphologically related but separate 
classes may share common molecular abnormalities. 
For example PNET and Ewings tumours share a com­
mon genetic abnormality (namely the EWS-FLI I fu­
sion transcript or one of its variants), but are morpho­
logically distinct. These factors make it difficult to 
generalise about the molecular features of any partic­
ular bone tumour group, when that group may be mo­
lecularly heterogeneous. Nevertheless the molecular 
analysis of bone tumours is essential if we are to im­
prove our understanding and management of these 
disorders. 

Genetic alterations in hone tumours 

A small number of oncogenes and tumour suppressor 
genes have been assessed for abnormalities in bone 
tumours. This has been largely confined to the genes 
commonly mutated in a wide range of malignancies. 
A brief summary of the findings of these analyses is 
given below. 

Oncogenes 

ras: Mutations or rearrangements affecting C-HA-

RAS have not been frequently encountered in either 
malignant bone or cartilagenous tumours (Castresana 
et al. 1992; Barrios et al. 1993; Ozaki et al. 1993; Da­
hir et al. 1994; Antillon-Kiussmann et al. 1995). 

myc: The amplification ofC-MYC has been identi­
fied in a variety of bone and soft tissue tumours. It is 
associated with high grade tumours with a worse 
prognosis, but it is unclear whether the amplification 
of C-MYC is an independent prognosticator (Castre­
sana et al. 1992; Barrios et al. 1993; Ladanyi et al. 
1993; Ozaki et al. 1993; Isfort et al. 1995). 

Mdr: Overexpression of the human multidrug re­
sistance (MDR) gene correlates with poor prognosis 
in osteosarcoma. This correlation with poor prognosis 
may be due to the association of the expression of this 
gene with chemotherapeutic drug resistance of the tu­
mour (Nagata et al. 1992; Imanishi et al. 1994). 

mdm2: Overexpression of the MDM2 gene has 
been detected in a small proportion of osteosarcomas. 
It is more frequently overexpressed in recurrent or 
metastatic tumours than in primary osteosarcomas. 
Overexpression of the product of the MDM2 gene is 
believed to act by binding to and reducing the activity 
of p53 protein (Ladanyi et al. 1993). 

Tumour suppressor genes 

TP53: The association of TP53 mutations with os­
teosarcoma (and other sarcomas) is best seen in the Li 
Fraumeni syndrome (Srivastava et al. 1990). This in­
herited syndrome is associated with an inherited het­
erozygous mutation in the TP53 gene and results in 
the predisposition of the affected individuals to the 
development of various sarcomas (including osteo­
sarcomas) and breast carcinoma. In addition to TP53 
abnormalities present in osteosarcomas which occur 
in the context of familial syndromes, mutations and 
abnormalities of expression of TP53 have been de­
scribed in between 21 and 37% of sporadic osteosar­
comas (Porter et al. 1992; Scholz et al. 1992; 
Toguchida et al. 1992; Smith-Sorensen et al. 1993; 
Wadayama et al. 1993). Loss of heterozygosity affect­
ing the TP53 region (17p 13) is present in up to 75% 
of sporadic osteosarcomas (Toguchida et al. 1992; 
Yamaguchi et al. 1992; Hoogerwerf et al. 1994; 
Grundmann et al. 1995). 
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Molecular biological techniques for analysis of bone tumours 

Applications 
-------~----- -----~--~---~ 

Detection Chromosome Gene Chromosome Gene point Gene 
methods copy number amplification translocation mutation expression 

in situ 
FISH + + + 
PRINS + + + 
in situ RT-PCR + +I- +I-

in vitro 
Southern Blot + + 
PCR +I- + + +I-
RT-PCR + +I- +I-
Mutational analysis + 

FISH = fluorescence in situ hybridisation; PRINS = primed in situ labelling; in situ RT-PCR = in situ 
reverse transcriptase polymerase chain reaction; PCR =polymerase chain reaction; RT-PCR =reverse 
transcriptase polymerase chain reaction. 
+ and- indicate applicability and lack thereof, respectively; +/- indicates that a method has potential 
application but has been little tested or that the method is less straightforward than others. 
Table adapted from Weiss and Brooks (1996). 

Rh: Similar to TP53, the association between the 
presence of inherited mutations affecting the RB gene 
and predisposition to the development of osteosarco­
ma is best seen in the inherited retinoblastoma syn­
drome (Draper et al. 1986; Benedict et al. 1988, Issing 
et al. 1993). In the retinoblastoma syndrome, the af­
fected individuals inherit a mutation of one RB allele, 
and are subsequently predisposed not only to the de­
velopment of retinoblastoma but also to osteosarco­
ma. Loss of heterozygosity affecting the RB locus 
(chromosome 13ql4) has been identified in approxi­
mately two thirds of sporadic osteosarcomas (Araki et 
al. 1991; Hansen 1991; Scholz et al. 1992; Yamaguchi 
et al. 1992; Issing et al. 1993; Ozaki et al. 1993; 
Ozisik et al. 1993; Wadayama et al. 1994 ). 

Inherent technical difficulties 

Bone tumours are difficult tumours to study from a 
molecular viewpoint. Often the tissue is calcified and 
requires treatment with acid to remove the calcium 
before the tissue can be sectioned. This often destroys 
nucleic acids, making analysis of these molecules im­
possible. Avoiding decalcification procedures makes 
sectioning with preservation of histological structure 
virtually impossible in many tumours. Many of the in 
vitro techniques listed below, although made more 
difficult by the hard nature of the tissue, are generally 
technically feasible even in calcified tissue. 

In situ techniques 

Many of the recent molecular biological techniques 
have been developed for in situ use. This reflects their 
development largely as adjuncts to regular cytogenet-

ic analysis. These origins also account for their large­
ly restricted use on metaphase spreads or bare nuclear 
preparations, although developments which extend 
their use to routine histological sections is underway. 

FISH 
Principles and use: Fluorescence In Situ Hybridisa­
tion (FISH) is a technique that obtains specific cyto­
genetic information from either metaphase or inter­
phase cells. The technique utilises the principles of 
nucleic acid in situ hybridisation (Gall and Pardue 
1969; John et al. 1969), in that a specific nucleic acid 
sequence is labelled and then hybridised to the dena­
tured DNA of the chromosomes, in order to identify 
and localise a specific sequence within a chromosome 
(Cremer et al. 1986; Cremer et al. 1988; Devilee et al. 
1988; Hopman et al. 1989). 

The technique has been used to identify human 
chromosomes in somatic cell hybrids (Pinkel et al. 
1986; Collins et al. 1991 ), to detect numerical and 
structural chromosomal abnormalities (Selleri et al. 
1991 ), to map genes to specific chromosomal loca­
tions (Trask 1991 ), and to detect specific gene ampli­
fication abnormalities (Shapiro et al. 1993; Misra et 
al. 1995). 

FISH can be carried out using either metaphase or 
interphase chromosome preparations. Generally ei­
ther routine cytogenetic preparations of metaphase 
chromosomes or spreads of bare interphase nuclei 
have been used for FISH analysis. 

Strengths: FISH allows the identification of specif­
ic numerical or structural chromosomal abnormalities 
without the absolute requirement for cultured cells 
and metaphase chromosome spreads. This represents 
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a distinct advantage over standard cytogenetic analy­
sis and means that the technique is possible even 
when only routine histologically processed material is 
available. 

Because FISH can be undertaken even on sections 
processed for routine histological examination, the 
histology is preserved and available for analysis and 
correlation with the results of the FISH analysis. This 
is not possible with routine cytogenetics, where the 
metaphase spreads examined could represent stromal 
cells rather than tumour cells, for example. 

FISH analysis can be undertaken overnight with a 
result available the following day. This again con­
trasts with routine cytogenetics, which often requires 
several days to generate a result. 

FISH is more sensitive than routine cytogenetic 
analysis in the detection of specific abnormalities, in 
that for cytogenetic detection the abnormality has to 
be large enough to cause a change in the metaphase 
chromosome morphology which is visible in a G­
banded preparation, whereas the resolution of FISH 
can be as high as 40kb. 

Weaknesses: The nature of FISH analysis means 
that only a "yes or no" answer to a clearly defined 
question can be generated. On the other hand, cytoge­
netics can detect most rearrangements, even those not 
previously characterised. 

FISH analysis requires specific DNA probes, usual­
ly cosmid or YAC probes. Many of these probes are 
not commercially available and so may be difficult to 
obtain. 

In the case of chromosomal rearrangements, sever­
al examples exist where the breakpoint may be quite 
variable. If this variation exceeds the size of the probes 
used, then the abnormality may not be detected. 

PRINS 
Principles and use: Primed in situ labelling (PRINS) 
was developed as a rapid alternative to FISH (Koch et 
al. 1989). The technique is based upon the annealing 
of short oligonucleotide sequences to the target DNA 
in the chromosome. These oligonucleotides can then 
function as primers for chain elongation using la­
belled nucleotides, a DNA polymerase such as Taq, 
and the target DNA as a template. The annealing and 
extension steps may be repeated several times with 
intervening denaturing steps (cycling PRINS), to am­
plify the signal produced. 

Strengths: PRINS offers an alternative method to 
FISH and has several advantages: 
• the technique is rapid (approximately 2 hours as 

opposed to overnight), 
• cycling PRINS offers increased sensitivity over 

FISH, 
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• the use of an unlabelled primer reduces background 
non-specific signal due to binding to structures in 
the cell which are not nucleic acids. Binding of the 
primer to these structures would not result in la­
belled chain-lengthening, which requires a nucleic 
acid template. 
Weaknesses: PRINS has not been well established 

for the detection of single copy sequences within the 
genome. Its major application to date has been in the 
analysis of repeat sequences. 

Similar to FISH, the use of PRINS on metaphase 
spreads and cell suspensions or bare nuclei prepara­
tions is quite well established. The use of PRINS on 
formalin-fixed, paraffin-embedded histological sec­
tions is not well established. 

In situ RT-PCR 
Principles and use: In situ gene amplification is relat­
ed to the in situ hybridisation technique, but with the 
advantage of increased sensitivity. This increase in 
sensitivity is achieved by the amplification of specific 
sequences within the cell prior to hybridisation with a 
labelled probe. In common with conventional PCR, 
specific oligonucleotide primers and a DNA thermo­
stable polymerase such as Taq are used to amplify the 
target DNA, using cycled denaturing, annealing, and 
extension steps (Komminoth and Long 1993). 

Strengths: The major advantage of in situ RT-PCR 
over conventional. in situ mRNA hybridisation is 
greatly increased sensitivity. 

Another advantage when dealing with a specific fu­
sion transcript resulting from a chromosomal translo­
cation, is specificity. If the primers used for the PCR 
straddle the breakpoint, then a product will be pro­
duced. If no fusion transcript is present, then no prod­
uct is produced. 

Weaknesses: The technique of in situ RT-PCR is 
relatively new and has not been routinely applied to 
diagnostics, except for the detection of repetitive viral 
sequences. Good protocols for the diagnostic use of 
the technique on routinely processed histological sec­
tions do not yet exist. 

A significant problem associated with in situ RT­
PCR, is that the amplification products tend to diffuse 
away from the target cell, resulting in nonspecific sig­
nal over adjacent cells. No satisfactory solution to this 
problem is yet available. 

In situ RT-PCR is a multistep process, where each 
of the major steps requires optimisation for each par­
ticular application. Failure of optimisation at any of 
these steps can result in either obscuration of the sig­
nal by unacceptable background staining or the loss 
of signal all together. 
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In vitro techniques 

The in vitro molecular biological techniques have 
largely been developed by molecular biologists rather 
than cytogeneticists. They require extraction of the 
nucleic acids from the tissue prior to analysis, which 
makes correlation between a tumour's molecular ab­
normalities and its histological features difficult. 

Southern Blot 

Principles and use: In the technique of Southern blot­
ting, extracted DNA is digested with one or more re­
striction enzymes, separated according to size and hy­
bridised with specific, labelled nucleic acid probes. 
The pattern produced is compared between individu­
als. A large structural abnormality, or a mutation af­
fecting a specific restriction enzyme recognition site, 
will result in the production of a variant pattern for 
that individual, when compared to control DNA 
(Southern 1975, Stellwag and Dahlberg 1980). Am­
plification of a particular segment of DNA will result 
in an increase in the intensity of the bands which cor­
respond to the affected region of DNA. This change 
can be measured to give an assessment of the degree 
of amplification which has occurred. Similarly the 
loss of genetic material, for example the loss of one 
allele, will result in a reduction of the intensity of the 
band(s) corresponding to that region of DNA. 

Strengths: Quantitation is both possible and 
straightforward. The ability to readily obtain quantita­
tive data is particularly valuable when examining for 
gene amplification. 

A single Southern blot can be repetitively probed 
with different DNA sequences. This means that sever­
al possible abnormalities can be examined using a 
single blot. In addition, archival blots can be re-exam­
ined for abnormalities that may be discovered to be 
important in the future. 

Relatively large abnormalities can be examined, 
such as large structural abnormalities affecting genes 
or chromosomal regions. The actual nucleic sequence 
of the area to be examined need not be known in de­
tail prior to the test, nor does the nature of the abnor­
mality need to be known (i.e. Southern blot does not 
necessarily provide simply a "yes or no" answer). 

Weaknesses: Southern blot requires a large quantity 
of good quality DNA. In effect this means that fresh 
or frozen tissue is required, in quantities of at least I 0-
lOOmg. Southern blot is not practically possible using 
routinely processed histological material. 

Southern blot will not reveal the exact location (or 
usually the exact nature) of the abnormality detected. 
The method involves the digestion of the DNA into a 
range of discrete fragments, the size of which deter-
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mines the resolution of the technique. Further analy­
sis using other methods is usually required to eluci­
date the exact cause of the detected change in frag­
ment size. 

The process of Southern blot analysis takes three to 
four days to complete. In contrast to Southern blot, 
PCR may take a few hours to obtain a result. 

PCR 

Principles and use: The polymerase chain reaction 
(PCR) is a technique devised by Mullis and Faloona 
( 1987) to amplify a specific segment of DNA. The 
method involves the annealing oftwo oligonucleotide 
primers to opposite strands at either end of a particu­
lar DNA region, and the subsequent extension of the 
primers by a thermostable DNA polymerase such as 
Tag. The process is repeated a number of times using 
repetitive steps of denaturation, annealing and chain 
elongation. The primer extension products function as 
a template for the next cycle, allowing exponential 
amplification of the fragment. The amplification of 
specific DNA fragments using this technology allows 
DNA analysis on very small quantities of tissue. This 
makes possible the length analysis of microsatellite 
markers from individual alleles, sequence or muta­
tional analysis on a small quantity of DNA from an 
individual or tumour, and even the identification of 
individuals from tiny quantities of forensic material 
(Erlich 1989). 

Strengths: PCR on DNA extracted from either 
fresh, frozen or fixed and embedded tissue provides a 
straightforward method for the analysis of microsatel­
lites (for loss of heterozygosity (LOH) studies), or to 
amplify DNA for subsequent mutation analysis. 

When combined with microdissection techniques, 
correlation with histology is possible. 

Several PCR reactions may be undertaken on a 
sample of DNA at the same time (multiplexing), al­
lowing many "yes or no" questions to be answered at 
once. 

Weaknesses: PCR does not examine the entire ge­
nome. The technique, similar to others described 
above, will in general allow only a iyes or no" answer 
to a defined question. 

PCR using specific primer pairs can only amplify 
quite a small length of DNA (up to about 12kb using a 
good quality DNA template). The presence of introns 
means, in some cases, that RT-PCR must be used for 
the amplification of the sequence of a transcribed 
gene. 

RT-PCR 

Principles and use: Reverse transcriptase polymerase 
chain reaction (RT-PCR) is a modification of PCR 
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which allows the amplification and subsequent analy­
sis of mRNA transcripts (Dicker et a!. 1989). The 
method involves an initial step where the mRNA tran­
script is used as a template for the generation of 
eDNA by reverse transcriptase. The eDNA is then 
used as a template for conventional PCR as described 
above. The technique is useful in the detection of fu­
sion transcripts generated by chromosomal transloca­
tions. It is also useful in the analysis of transcribed 
genes where either the genomic structure (i.e., the po­
sitions of the introns in the sequence) is not known, or 
where the presence of alternative transcripts or other 
RNA-specific features make the examination of the 
transcript desirable, rather than the DNA. 

Strengths: The technique is well established, rapid 
and relatively straightforward on fresh or frozen tis­
sue. 

RT-PCR is specific and highly sensitive, in the de­
tection of well-characterised abnormalities. 

When combined with microdissection techniques, 
correlation with histology is possible. 

Weaknesses: The technique of RT-PCR is not well 
developed in paraffin embedded-routine histological 
material. In this material, RNA integrity is such that 
RT-PCR can be used to reliably generate fragments of 
up to approximately 600bp. This is because RT-PCR 
is dependent upon the availability of good quality, in­
tact RNA. Because of these limits, only a small de­
gree of variability is required in the position of the 
translocation breakpoint or other abnormality to ren­
der it undetectable by this technique. In addition, the 
moderate degradation of the transcripts in the paraf­
fin-embedded tissue frequently means that nested 
PCR is required to actually detect an abnormal tran­
script. The extreme sensitivity of nested PCR raises 
the probability of contamination to levels that may be 
unacceptable for a diagnostic procedure. 

RNA is inherently unstable in its nature. The analy­
sis of DNA (because of its robust nature) is always 
easier and thus preferable to using RNA as a starting 
material. 

Mutational analysis 

Principles and use: Multiple methods are available 
for the analysis of mutations in DNA either directly 
extracted from tumour or other tissue or amplified us­
ing PCR technology. The "gold standard" of these 
methods remains sequencing of the DNA (or eDNA) 
(Sanger et a!. 1977). However, sequencing is labour 
intensive and slow, so other techniques have been de­
veloped (and continue to be developed) which exploit 
the change in physical properties resulting from a 
change in sequence on either one DNA strand (result­
ing in a mismatch) or on both strands (when the af-
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fected fragment must be compared to a control frag­
ment). Some examples of the latter techniques in­
clude single-strand conformation polymorphism 
(SSCP) (Orita et a!. 1989), chemical cleavage mis­
match (CCM) (Cotton eta!. 1988), and constant dena­
turing gradient electrophoresis (CDGE) (Myers et a!. 
1987). The protein truncation test (PTT) allows the 
detection of nonsense or frameshift mutations which 
result in the generation of a stop codon thus effective­
ly truncating the mutant protein (Roest et a!. 1993, 
Hogervorst et a!. 1995). 

Strengths: Mutational analysis on DNA extracted 
from normal tissue from individuals whose family 
history suggests that they are at high risk of develop­
ing a particular malignancy or group of malignancies, 
allows for the screening of individuals or populations 
for inherited mutations that predispose to the develop­
ment of malignancy. This allows those individuals 
who are found to carry one of these defects to be iden­
tified within a high risk group for close follow-up. It 
also allows the study of environmental influences in 
the variability of phenotypic expression of a particu­
lar mutation, resulting in greater understanding of the 
disease process. 

Weaknesses: The study of mutations affecting spe­
cific genes in bone tumours is not well advanced. 
Even the characterisation of cytogenetics and even 
morphological diagnostics is difficult and not without 
controversy. Only. a small number of inherited bone 
tumours (such as retinoblastoma-associated osteosar­
coma and Li-Fraumeni syndrome) have been identi­
fied to date. These syndromes probably comprise 
only a tiny proportion of bone tumours diagnosed. So 
far, then, mutational analysis in bone tumours has 
largely been confined to the well known oncogenes 
(such as ras) and tumour suppressor genes (such as 
TP53). 

Conclusion 

The molecular biology of bone tumours is in its infan­
cy. The complexity of the karyotypic profile of sever­
al of the malignant bone tumours is in sharp contrast 
to the well defined and characteristic translocations 
seen in many of the soft tissue tumours. A great asset 
to the identification of important molecular biological 
events in various bone tumours will be the identifica­
tion of specific cytogenetic abnormalities which are 
common to one specific type or group of tumours. 

A major problem is the difficulty in confidently di­
agnosing and categorising many bone tumours on the 
basis of their morphological appearance. Often this 
process requires a panel of experienced practitioners 
who even then may not agree. This problem of mor-
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phologically categonsmg bone tumours, which 
makes the study of their molecular biology more dif­
ficult, may be assisted by the discovery of character­
istic molecular features. 

Several molecular biological tools have been de­
vised which may be of value in the examination of 
these diseases. Many of these have only appeared in 
the last few years and their reliability and usefulness 
in diagnostic pathology has not been established. 
Nevertheless the use of PCR in diagnostic pathology 
is increasing and has proved its value, particularly in 
the management of the haematological malignancies. 
The use of this technology in all areas of diagnostic 
pathology and clinical management will only increase 
as the methods become more routine and the value of 
the data produced more valued. 
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