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Sarcoma genomics

T
here have been signifi cant recent ad-
vances in our understanding of the 
molecular nature of cancer, driven by 
progress in all aspects of genomics. 

Genomics is a convergence of many disciplines 
including genetics, molecular biology, bio-
chemistry, statistics and computer sciences. It is 
now economically and scientifi cally feasible to 
analyse the whole human genome of aff ected 
cancer cells for comparison with the host germ-
line (normal cells) in cancer patients. This se-
quencing comparison, available for a few thou-
sand Australian dollars, allows the individual 
genetic changes associated with an individual’s 
cancer to be identifi ed. This information will en-
able improved treatment immediately in some 
patients by reference to current libraries, but 
carries the potential for personalised genetic 
diagnostics and tailored therapies. How much 
and how quickly our patients benefi t from this 
conceptual potential will depend on how we 
adapt as a profession and a society to the chal-
lenges this programme brings.

The human genome is comprised of over 
three billion base pairs with approximately 
20 000 genes, and the storage of this volume of 
information requires super computers. If wide-
spread comparative analysis becomes common-
place, we are likely to discover novel  mutations, 

particularly unstable ones that we will struggle 
to understand. However, even with our current 
knowledge, we can improve treatment in some 
patients and inform other patients at risk of de-
veloping certain cancers and the risk to their 
families. The confl ict of personal privacy versus 
open disclosure to life insurance and other com-
panies has brought into sharp focus the ethical 
diffi  culties that can disadvantage the patient 
unless genetic bias and discrimination are pro-
tect against in law. While genomics is relevant 
to many aspects of medicine, it has particular 
potential for sarcoma patients, and in this arti-
cle we will look at traditional and developing 
techniques in genomics and how they relate to 
our sarcoma patients.

RECENT HISTORY OF GENOMICS
The history of genomics is a convergence of 
the history of genetics and molecular biology. 
Gregor Mendel was the fi rst to describe a unit 
of heredity; it was another 40 years before his 
work became widely cited1 and it took until 
the 1900s for Mendel’s principles to become 
accepted. The chromosomal theory of inherit-
ance was proposed independently in 1902 by 
Sutton and Boveri2,3 as the concept of hereditary 
information gained traction. Our understand-
ing deepened rapidly and in 1905 the concept 
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of linkage was demonstrated by Bateson and 
Punnett.4 Linkage is the close physical proximity 
of two or more genes on a chromosome which 
results in them being more likely to be inherited 
together. The DNA helix structure was fi rst de-
scribed by James Watson and Francis Crick in 
1953,5 a discovery that gave birth to the modern 
age in genetics. The discovery of the DNA dou-
ble helix has opened the door to understand-
ing the mechanism for the fl ow of biological 
information through the carefully orchestrated 
ribosomal copying mechanism based on the 
specifi c pairing of nucleotide subunits.

The fi rst karyotype depicting the correct 
number and appearance of chromosomes in 
the nucleus of a human cell was published 
just three  years later in 1956 and identifi ed 
46 chromo somes.6 By 1972 the collective eff orts 
of the scientifi c community led to the fi rst gene 
sequencing from the bacteriophage, MS2.7 The 
fi rst entire complete genome was sequenced in 
Cambridge by the Sanger group, whose early 
work focused on sequencing the genomes of a 
virus and mitochondrion in the early 1970s.8 In 
1977 the chain-termination method of DNA se-
quencing was also published, marking a move 
towards the modern age of DNA sequencing.9 
The use of automated DNA sequencing and pol-
ymerase chain reaction (PCR) was developed in 
the early 1980s and allowed DNA amplifi cation 
from extremely small amounts of material,10,11 
greatly increasing the potential applications of 
this early technology. In 1990 the technologies 
had advanced suffi  ciently to allow the Human 
Genome Project to be launched. The National 
Institute of Health (NIH) Human  Genome Pro-
ject was an international, collaborative research 
programme with the aim of complete mapping 
and understanding of all the genes present in 
humans. The product of the Human Genome 
Project was a resource of information about the 
structure, organisation and function of human 
genes. The International Human Genome Se-
quencing  Consortium published the fi rst draft of 
the human genome in 2001,12 with the sequence 
approximately 90% complete. In 2001 it was es-
timated that the gen ome contained between 35 
000 and 40 000 genes. The full sequence was 
completed in April 2003. The stage had been 

set, this complete sequence (and the many more 
that have followed) has allowed for the birth of 
genomics and the understanding of heritable 
and other diseases at protein and genetic level.

With the completion of the Human Genome 
Project our understanding of the genetics of 
common diseases is increasing and many com-
mon genetic changes that predispose disease 
have been identifi ed. It is now possible for in-
dividuals to get their own genomes sequenced 
commercially and have their risk of cancer and 
other diseases estimated based on current un-
derstanding of risk factors. Genetic testing is 
becoming increasingly important in cancer and 
with the decreased cost of genomic analysis 
that can identify individuals at higher risk and 
increase the eff ectiveness of targeted screening 
and preventative strategies.

TECHNIQUES USED IN GENOMIC ANALYSIS
 Cytogenetics

Cytogenetics is the branch of genetics concerned 
with the study of chromosomes and chromo-
somal abnormalities. In the 1970s, the evolution 
of staining techniques able to produce chromo-
some bands and to detect genetic deletions, 
duplications and other abnormalities, gave birth 
to cytogenetics. Giemsa banding (G-banding) is 
the most widely used banding process where the 
Giemsa stain is applied after chromosomal pro-
teins are partially digested by trypsin. G-banding 
can be used to study the entire genome of indi-
vidual cells for ‘top down’ chromosomal level 
changes. High resolution banding involves stain-
ing of chromosomes during prophase or early 
metaphase, however, cyto genetic analysis is 
not considered to be high resolution. Each band 
represents approximately 5 to 10 × 106 base pairs 
and only major structural changes can be demp-
nstrated with this technique.13 Chromo some 
banding analysis is typically used for karyotypic 
 abnormalities such as diff erences in absolute size 
of chromosomes, position of centromeres, rela-
tive size of chromosomes, basic number of chro-
mosomes, number and position of satellites, and 
the degree and distribution of heterochromatic 
regions. An example of the use of cytogenetics in 
detecting chromosomal abnormalities is Ewing’s 
sarcoma. A majority of Ewing’s sarcoma cases are 

the result of a trans location t(11:22)(q24:q12)14 re-
sulting in a fusion of the genes EWS and FLI1.15

 Fluorescent in situ hybridisation
Fluorescent in situ hybridisation (FISH) is a mo-
lecular cytogenetic technique used to provide 
cellular localisation. Chromosome-specifi c 
probes are labelled with fl uorescent dyes and 
exposed to denatured chromosome material 
during metaphase, prophase or interphase. As 
the probe is labelled with fl uorescent dye, the 
chromosomes can be viewed under a fl uores-
cent microscope. Probes can be centromere-
specifi c, locus-specifi c, or ‘paint’ probes, 
where whole chromosomes are labelled. FISH 
provides better resolution than high resolution 
banding techniques, able to detect deletions 
as small as one million base pairs. Novel FISH 
approaches such as multi-colour FISH, spec-
tral karyotyping, combined binary ratio FISH, 
metaphase-based comparative genomic hy-
bridisation (CGH), array-based CGH and SNP 
arrays are genome-wide applications. FISH-
mediated detection of MDM2 amplifi cation is a 
valuable diagnostic aid for atypical lipomatous 
tumour/well-diff erentiated liposarcoma and 
de- diff erentiated liposarcoma 16

 Analysis of gene expression
Gene expression is the process by which infor-
mation from a gene is translated into a func-
tional product. regulation of genetic expression 
can occur at this stage (prior to transcription as 
post-transcriptional regulation). Analysis of gene 
expression has become one of the most widely 
used strategies for discovering and understand-
ing mechanisms underlying cancer.17 Analysis of 
mRNA and proteins can be used to compare pat-
terns of gene expression between cells or tissues, 
for example, germline and cancer cells.

Over the past four decades, several meth-
ods have been developed to allow for com-
parative studies of gene expression, often 
between germline and cancer cells. The fi rst 
two-dimensional gel electrophoresis was 
developed by O’Farrell in 1975 and allowed 
the visualisation of protein expression.18 This 
method was successful in discovering the p53 
tumour-suppressor protein.19 Analysis of gene 
expression evolved to analysing mRNA expres-
sion using complementary DNA. A much more 
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advanced technique whereby comparison of 
hybridisation patterns allowed identifi cation 
of genes that were uniquely expressed in one 
sample but not the other.20

Diff erential display was developed in the 
1990s, which integrated polymerase chain re-
action (PCR) and DNA sequencing by gel elec-
trophoresis.21 Several oncogene targets have 
been identifi ed by diff erential display including 
RAS, v-REL and ERBB,22-25 as well as several target 
genes of the p53 tumour suppressor.

Expressed sequence tags (EST) focused on 
sequencing expressed genes rather than the 
whole genome.26 EST played a major role in 
gene discovery for the NIH Cancer Genome 
Anatomy Program which provides cDNA clones 
for functional studies of genes. Serial analysis 
of gene expression (SAGE), developed in the 
1990s,27 is an open system based gene discov-
ery tool. The NIH Cancer Genome Project has a 
comprehensive SAGE database for normal and 
cancer cell lines and tissues. Massively parallel 
signature sequencing (MPSS) combines non-
gel-based signature sequencing with in vitro 
cloning of millions of templates on separate 
5μ diameter microbeads.28

 Automated microarray analysis
Perhaps the biggest leap forward in genetic 
analysis is the development of DNA microar-
rays which may be used to perform an auto-
mated measure of the expression levels of large 
numbers of genes simultaneously or to geno-
type multiple regions. Advances in microarray 
technology enable massive parallel mining of 
biological data, with biological chips provid-
ing hybridisation-based expression monitoring, 
polymorphism detection and genotyping on a 
genomic scale. The application of microarray 
technology to assess mRNA on a genome-wide 
scale has resulted in large data sets in them-
selves posing unique problems. The vast quan-
tity of data required new tools for analysing 
results, such as automated microarray analysis 
software (AMDA),29 automated microarray im-
age analysis (AMIA)30 and automated gene on-
tology analysis of expression profi les (GOAL).31

Microarray methods were initially devel-
oped to study diff erential gene expression us-
ing complex populations of RNA,32 but like all 
technologies have developed, and advances 
now permit analysis of copy number variants 
and gene amplifi cations,33 as well as being 
able to quantify gene expression at the protein 
level.34 Micro array technology has been widely 
used to investigate tumour classifi cation, can-
cer progression, chemotherapy and other drug 

resistance and sensitivity, and identifi cation of 
tumour-specifi c molecular markers.35 Histologi-
cally indistinguishable tumours often show dif-
ferences in clinical behaviour such as response 
to  treatment. Sub-classifi cation of these tu-
mours based on their molecular profi les may 
help explain these diff erences and ultimately 
identify novel therapeutic targets and off er the 
potential for targeted therapies based on the 
molecular ‘signature’ of individual tumours.

Microarrays can be used to study the mo-
lecular pathways implicated in mechanisms that 
determine anticancer drug resistance, and to this 
end the majority of array studies have been car-
ried out using cancer cell lines that are rendered 
resistant to commonly used anticancer drugs.35 
One of the most useful applications of microar-
ray technology is in the identifi cation of genes 
that exhibit diff erential expression between 
healthy tissues or cell lines and their tumour 
counterparts. Successful identifi cation of diff er-
ential gene expression is suggestive of a poten-
tial molecular marker or even a potential thera-
putic intervention point.35 Microarray analysis 
may provide invaluable information on disease 
pathology, progression, resistance to treatment, 
and response to cellular micro environments 
that may lead to improved early diagnosis and 
innovative therapeutic approaches for cancer. 
Genome-wide complementary DNA microar-
ray was recently used to characterise the gene 
expression profi le of pigmented villo nodular 
synovitis (PVNS) in comparison with osteoarthri-
tis and rheumatoid arthritis.36 Genes that were 
diff erentially expressed in PVNS were involved in 
apoptosis regulation, matrix degradation and in-
fl ammation,36 all of which are now potential sites 
for pharma cological intervention.
 Bioinformatics

Bioinformatics is the science of storing, retriev-
ing, organising and analysing biological data, 
perhaps the most important part of genomics 
with the value of any data being determined 
by the strength of the interpretation. Genetic 
applications of bioinformatics include sequenc-
ing and annotating genomes and mutations. 
Sequence information can serve to determine 
which genes encode proteins, RNA, regulatory 
sequences, structural motifs and repetitive se-
quences. The comparison of these features is of-
ten the starting point in determining gene simi-
larities or relations. Annotation is the process 
of marking genes and other biological features 
found in genetic material and is aided greatly by 
the use of computer programmes such as basic 
local alignment search tool (BLAST). These soft-

ware tools are used to search known  se quences    
from more than 250 000 organisms.37 BLAST 
provides sequence similarity searches of Gen-
Bank and other sequence databases. In cancer 
research, bioinformatics is used to store and 
organise information regarding the increas-
ing number of mutations and rearrangements 
that have been characterised and compar-
ing sequencing results with human genome 
sequences to determine germline polymor-
phisms. Massive sequencing eff orts have been 
used to identify new point mutations requiring 
bioinformaticians to develop systems that man-
age the volume of data produced, and then to 
develop new algorithms and software to com-
pare the results. A prime example of cancer 
bioinformatics in action is The Cancer Genome 
Atlas (TCGA) data portal (National Cancer Insti-
tute 2013)38 (Fig. 1). The portal provides a plat-
form for researchers to search, download, and 
analyse datasets generated by TCGA. The use of 
high throughput technologies and bioinformat-
ics is important for heterogeneous groups of 
tumours, such as sarcomas, to distinguish histo-
logically similar but molecularly diff erent types.

TYPES OF MUTATION FOUND IN CANCER
A cell becomes cancerous only after changes oc-
cur in a number of genes that are involved in the 
regulation of its cell cycle. Proto-oncogenes and 
tumour-suppressor genes are the two most com-
mon types of gene involved in regulating the 
cell cycle. Proto-oncogenes are responsible for 
promoting the controlled growth and division of 
cells. When proto-oncogenes are mutated they 
result in oncogenes that produce an abnormal 
protein stimulating uncontrolled cell growth. 
Tumour-suppressor genes produce proteins that 
regulate the cell cycle and are involved in helping 
to prevent uncontrolled cell growth and division. 
When a tumour suppressor-gene is mutated this 
can result in altered or absent function includ-
ing loss of an important regulator of mitosis, and 
open the door for tumour formation or growth. In 
this complex interaction the function of DNA re-
pair genes is also critical. These genes work to cor-
rect errors that occur during DNA polymerisation 
and cell division. Loss of function of DNA repair 
genes has obvious consequences. Oncogenes, 
tumour-suppressor genes and DNA repair genes 
can be altered or mutated by chromosome rear-
rangements, gene duplication or mutation. Addi-
tionally, the function of regulatory genes can be 
altered by changes in promoter regions regulating 
the expression of a particular gene or group of 
genes. A chromosome rearrangement involving 
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a tumour-suppressor gene or pro-
to-oncogene can contribute to the 
transformation of a normal cell into 
a cancerous cell. There are several 
types of chromosome rearrange-
ments; deletions, duplications, in-
versions and translocations.

A deletion is the loss of part of 
DNA sequences and the eff ects of 
a deletion depend on the location, 
function of and size of the deleted 
sequence. Deletions not involv-
ing three (or multiples thereof) 
nucleotides can also result in the 
‘frame-shift’ eff ect where all of the 
downstream genetic information 
is altered as nucleotides function in 
triplets. Duplications occur when 
an extra copy of a chromosomal 
region is produced and again the 
location of the duplication has 
a critical eff ect on the functional 
consequences. In cancer, deletions and copy 
number increases contribute to alterations in 
the expression of tumour-suppressor genes and 
oncogenes, respectively.

Inversions and translocations do not in-
volve the loss or gain of genetic material, un-
like deletions and duplications. If inversions or 
translocations occur within genes, they may af-
fect gene function or a novel gene fusion may 
be produced. Inversions are rearrangements 
where a segment of DNA is broken, fl ipped 
and rejoined. Translocations involve the ex-
change of chromosomal material between two 
or more non-homologous chromosomes. Ap-
proximately one third of all sarcomas exhibit 
a non-random chromosomal translocation. A 
fusion gene results in the expression of mul-
tiple genes in response to the activation of a 
single promoter region. In soft-tissue tumours, 

chromosome translocations commonly result 
in highly specifi c, novel chimeric genes.13 An 
example is the reciprocal translocation found 
in synovial sarcoma, t(x;18)(p11;q11) and the 
presence of a SYT-SSX fusion gene.39

 Stable versus unstable
One of the hallmarks of cancer cells is genetic 
instability. Instability can be at the single nu-
cleotide level resulting in a point mutation, or 
at a chromosome level such as  translocations, 
deletions, amplifi cations or aneuploidy.40 DNA 
is continuously undergoing damage, repair 
and resynthesis. It is a homeostatic equilib-
rium where DNA damage is counterbalanced 
by DNA repair. In normal cells DNA damage is 
repaired without mistakes. In tumour cells this 
equilibrium is lost and over time multiple muta-
tions accumulate. It is rare for cancer to develop 
with a single mutation; usually multiple genetic 

changes are required. The emerg-
ing concept is that genomes of 
cancer cells are unstable and this 
instability results in the accrual of 
a cascade of mutations that allows 
cancer cells to bypass regulatory 
processes that control cell loca-
tion, division, expression, adapta-
tion and death.40

GENOMICS AND CANCER
Genomic data, particularly gene 
expression signatures, can be used 
as clinical prognostic factors in can-
cer and other complex diseases. 
Genomics can be used to guide the 
use of currently available cancer 
drugs, develop new targeted thera-
peutics, and provide an opportuni-
ty to match the most eff ective drugs 
with the molecular characteristics 
of the individual patient. The most 

successful applications of genomic technol-
ogy have been in the study of human cancer, in 
which gene expression patterns can be identifi ed 
that provide phenotypic detail not previously 
obtained by traditional methods of analysis; pro-
fi les and patterns that identify new subclasses of 
tumours. A recent example includes the distinc-
tion between acute myeloid leukaemia and acute 
lymphoblastic leukaemia.41 Genomic techniques 
may also be useful in determining more targeted 
applications for existing cancer therapeutics, 
many of which are very eff ective for subsets of 
cancer patients, thereby further ensuring treat-
ment becomes tailored to the individual.

Recent years have seen signifi cant advances 
in our understanding of the molecular nature of 
cancer driven by advances in high throughput 
technologies and DNA sequencing technolo-
gies. Genomic changes can be used as  molecular 
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Fig. 2 Clinical sarcoma: 

a) Radiograph of a 

giant cell tumour of 

bone, b) imaging of 

myxoid liposarcoma 

and c) image  of lipo-

sarcoma.

Fig. 1 Image of the Cancer Genome Atlas Portal
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 biomarkers to identify patients who may re-
spond to a treatment. Many cancer drugs have 
not been linked to specifi c markers yet there is 
still a need for development of biomarkers to 
guide therapy and improve outcomes.

EVOLUTION OF GENOMIC ANALYSIS IN 
SARCOMA
Sarcomas are uncommon mesenchymal malig-
nancies that arise in bone, cartilage or connec-
tive tissue; they have extremely varied genetic 
origins, are clinically heterogeneous (Fig. 2). 
Many sarcomas arise de novo. Sarcomas can be 
genetically classifi ed into two categories; those 
with near-diploid karyotypes and simple ge-
netic alterations including translocations, and a 
second category of sarcoma with complex and 
unbalanced karyo types.42

Those with complex and unbalanced karyo-
types are typifi ed by high levels of genomic in-
stability, resulting in multiple genetic aberrations 
in the genome of a single tumour and heteroge-
neity of aberrations across tumours of a given 
type.42 Most simple genetic alterations seen in 
sarcomas are translocation-associated.42 Gene fu-
sions resulting from these translocations typically 
encode chimeric transcription factors that cause 
transcriptional deregulation (loss of control of 
gene expression) of target genes. Less common-
ly they encode chimeric protein tyrosine kinases 
or autocrine growth  factors.43 Karyotypically 
complex sarcomas can begin as a less aggressive 
form and then progress through discrete stages 
with increasing genomic complexity,42 for exam-
ple, atypical lipoma or well-diff erentiated liposar-
coma progress to dediff erentiated liposarcoma.44

There are three categories of mechanisms that 
drive sarcomagenesis; transcriptional dysregula-
tion owing to aberrant fusion proteins that result 
from genomic arrangements, somatic mutations 
in key genes and signalling pathways, and DNA 
copy number abnormalities.42 Transcriptional 
target gene dysregulation in translocation sar-
comas has been the focus of the application of 
genome-wide transcription factor location analy-
sis to identify target genes of fusion proteins, as 
well as emerging evidence for abnormal nuclear 
reprogramming of mesenchymal stem cells in 
translocation-associated sarcomas.42

Another recent advance is the use of tran-
scriptional targets of fusion proteins as therapeu-
tic agents. An example of mutations in key genes 
and signalling pathways is gastrointestinal stro-
mal tumour (GIST), characterised by oncogenic 
mutations in KIT, PDGRFa and BRAF.45-47 The impli-
cation of KIT and PDGRFa has led to treatment of 

GIST with selective kinase inhibitors, an example 
of a direct therapy ‘designed’ from the ground 
up based on genomic study of GIST cells.

Systematic surveys of cancer genomes with 
integrated genomics have been used to identify 
targeted genetic alterations in cancer. Targets 
are expected to grow with the use of second-
generation sequencing technologies. The Can-
cer Genomic Atlas (TCGA) is beginning a com-
prehensive genomic analysis of dediff erentiated 
liposarcoma, leiomyosarcoma and undiff erenti-
ated pleomorphic sarcoma.48

CURRENT TECHNOLOGY
 Effi  ciency of whole human genome se-

quencing versus exome sequencing
Full genome sequencing provides informa-
tion on all six billion base pairs in the genome, 
whereas exome sequencing selectively se-
quences only at the coding regions of the ge-
nome. Exons are the regions of DNA that are 
translated into proteins. The goal of exome se-
quencing is to sequence the coding region that 
has the potential to be clinically relevant due to 
functional changes in the sequence of proteins. 
Whole genome sequencing not only sequences 
coding regions but also regulatory elements.
 Costs

The fi rst human genome was sequenced in 2003 
at a cost of approximately $40  million   AUSD, 
requiring international collaboration and super-
computing power. The development of new 
technologies including massively parallel se-
quencing systems has reduced the cost of whole 
human genome sequencing studies to approxi-
mately $2000 to $3000 AUSD per individual and 
likely to reduce further to $1000 AUSD per indi-
vidual in the next year. Whole exome sequenc-
ing is approximately $500 AUSD per individual, 
and has become so accessible that it is possible 
to privately commercially sequence an individu-
al’s genome (www.23andme.com) bringing this 
technology into the online community.
 Ethics

There are many ethical issues associated with 
genetic research including discrimination, pa-
tient privacy, consent and the reporting of in-
cidental fi ndings. As DNA testing increasingly 
identifi es diff erences in the DNA sequence of 
individuals and potentially the likelihood of 
an individual to develop or pass on a certain 
disease or condition; it becomes possible to 
discriminate based solely on genetic informa-
tion. Discrimination against individuals based 
on their genetic information could arise in a 
wide range of situations; currently health risks 

would be relevant to insurance companies or 
employers. However, it is not diffi  cult to imag-
ine a situation where genetic pre-disposition for 
anti-social behavioural traits would be of inter-
est to landlords and law enforcement agencies, 
or ‘genetic IQ’ used in selection for university 
or employment. To protect against these situa-
tions before they arise, the Genetic Information 
Nondiscrimination Act was passed into law in 
2008 in the United States.49 The act prohibits 
discrimination in the workplace, and by health 
insurance companies. The act prohibits group 
health plans and insurers from denying cover-
age or charging higher premiums based solely 
on genetic predisposition to developing a dis-
ease in the future.50 In Australia insurance com-
panies cannot charge higher premiums due to a 
person’s genetic information, however, genetic 
information about a person or their family can 
aff ect a person’s application for life insurance 
products, such as cover for death and income 
protection because these types of insurance are 
risk rated and genetic information can be taken 
into account in applications.

Due to the potential impact of genetic test-
ing, patients should be adequately counselled 
about the specifi cs of testing. Before an indi-
vidual agrees to participate in a clinical trial, 
research project or undergo a genetic test, he 
or she must be informed of the test’s purpose, 
medical implications, alternatives, and possible 
risks and benefi ts. Patients should additionally 
be made aware of their privacy rights, includ-
ing where their DNA will be stored and who 
will have access to their personal information. 
 Australian guidelines for the conduct of ethical 
research can be found in the National State-
ment on Ethical Conduct in Human Research.51

Whole genome sequencing and exome se-
quencing increase the possibility of encoun-
tering variants associated with disease outside 
the original intent of testing. In the case where 
research may discover or generate information 
of potential importance to the future health of 
participants, or their blood relatives, research-
ers must prepare and follow an ethically defen-
sible plan to disclose or withhold that informa-
tion. Ethical issues that arise when segments of 
a patient’s genome are interrogated include the 
risk of providing patients with incomplete or 
incorrect information, providing information 
for which patients are not prepared, exposing 
patients to unnecessary, harmful or ineff ective 
treatment, and determining whether or not to 
report misattributed paternity, consanguinity 
or carrier status.
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 Gene libraries for genomics of 
drug sensitivity
There is evidence that a patient’s cancer re-
sponse to treatment can be infl uenced by the 
cancer genome. Single gene mutations are in-
creasingly being adopted as clinical biomarkers  
for the optimal application of cancer therapeu-
tics. There is a need to develop biomarkers to 
optimise drug development and clinical use. 
Bio markers are being used in the decision- 
making process in discovery stages and in 
 assessing the performance of drugs in clini-
cal studies.52 Prognostic biomarkers are those 
that determine patient selection for treatment 
based on an estimation of the natural history of 
disease. Predictive biomarkers are single muta-
tions that can be used to provide estimations 
of the probability of response to a particular 
treatment. An example of the use of drugs se-
lectively to target the protein product of the 
BCR-ABL translocation in chronic myeloid leu-
kaemia (CML) has revolutionised the treatment 
of this disease, with fi ve-year survival rates of 
90% in treated patients.53 The NCI60 cell line 
panel and associated drug screens pioneered 
the approach of using cancer cell lines to link 
drug sensitivity with genotype data.54,55 Cancer 
cell lines have subsequently been used to iden-
tify rare drug-sensitising geno types, including 
mutant EGFR, BRAF and the EML4-ALK transloca-
tion, which are highly predictive of clinical re-
sponses.56-58

The Genomics of Drug Sensitivity in Cancer 
(GDSC) database59 is the largest public resource 
for information on drug sensitivity in cancer cells 
and molecular markers of drug response. GDSC 
currently contains drug sensitivity data for al-
most 75 000 experiments, describing responses 
to 138 anticancer drugs across almost 700 cancer 
cell lines. GDSC provides a unique resource in-
corporating large drug sensitivity and genomic 
data sets to facilitate the discovery of new thera-
peutic biomarkers for cancer therapies.60

There are currently few specifi c genetic le-
sions in sarcoma that are direct targets of any 
therapy. The exception among sarcomas is 
GIST, in which the KIT kinase inhibitor imatinib 
achieves a partial response or stable disease in 
approximately 80% of patients with advanced or 
metastatic GIST, often within days, with some pa-

tients now on therapy for ten years.61 Functional 
studies of sarcoma to fi nd targets for therapy are 
limited by two factors. The fi rst is that only lim-
ited numbers of human sarcoma cell lines exist, 
partly because of the rarity of certain diagnoses 
and the resulting scarcity of samples. Secondly 
for each of the subtypes with complex genomes, 
multiple cell lines are needed to represent the di-
versity of genetic alterations within that subtype. 
The challenge for sarcoma biologists, oncologists 
and surgeons is to continue to push basic science 
forward and clinical studies, which will allow the 
novel technologies of genomics, to be applied to 
the sarcoma population.

Several studies have used cancer cell lines to 
link pharmacological data with genomic infor-
mation, and have also helped defi ne therapeu-
tic biomarkers.53,58,62 Cancer cell line drug sensi-
tivity data are generated by the Cancer Genome 
Project at the Wellcome Trust Sanger Institute 
(WTSI) and the Center for Molecular Therapeu-
tics at Massachusetts General Hospital.60 Other 
gene libraries such as Cancer Cell Line Encyclo-
pedia63 and Sanger Cancer Cell Line Project64 are 
aiming to characterise large numbers of human 
cancer cell lines genetically and screen these 
against a range of anticancer therapies to cor-
relate drug sensitivity with genetic markers.

CONCLUSION
New effi  cient methods of whole human genome 
analysis and comparative screening provide un-
paralleled potential to progress our understand-
ing and treatment of cancer. We have a respon-
sibility to manage the science, ethics and access 
new treatments that this technology will provide.
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