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Biomarker profiling for cancer diagnosis, prognosis and
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The basis of cancer treatment has come a long way since the days
of the the classical TNM staging. Identification of novel biomarkers
for various cancers and their specific correlations with prognosis
have increased our understanding of carcinogenesis and tumour
progression on the molecular level. Recent advances in technologies for simultaneous detection of multiple biomarkers have
opened up new avenues for multimarker profiling on a more
individual scale. We summarize the key molecular determinants
and their prognostic role in various cancers, and examine the
available techniques for analysing biomarker panels that can have
a major impact on cancer diagnostics and therapeutics.

often been used in the diagnosis and follow up of patients, with
extensive investigations being carried out on their prognostic and
therapeutic value. The advent of molecular markers is relatively
recent, though investigations into a single biomarker or a small
combination of biomarkers for specific cancers have been successful in determining their value in the prediction of prognosis and
outcome. ‘Patterns of expression’ or ‘profiles’ of multiple such
molecular markers at the transcript and protein levels (which are
increasingly being analysed quantitatively) are now being seen as
potential tools for classifying tumours into more logical tiers
based on their risk for progression and expected clinical outcome,
thereby paving the way for more rational therapeutics.
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KEY MOLECULAR DETERMINANTS OF CANCER
PROGRESSION
Cancer has been known to have a multifactorial basis, and as our
knowledge of the various molecular events involved increases, so
do the number of studies pertaining to their correlation. It is
beyond the scope of this review to discuss at length the various
molecular markers involved in different cancer subtypes. However, it is interesting to note the specific interactions between
certain molecules generally studied in most major tumours. This
review will briefly delve into the studies on molecules involved in
major pathways controlling cancer progression such as cell cycle
regulation, apoptosis (programmed cell death), angiogenesis and
metastasis. Key molecules participating in these processes are
briefly reviewed below and schematically represented in Fig. 1.
Control of the cell cycle is considered crucial in governing a
cell’s decision to commit to DNA synthesis and proliferation,
versus growth arrest when a cell suffers genomic lesions, leading
to either repair of damaged DNA or apoptosis. The various
oncogenes and tumour suppressors that control this phase are
therefore central targets for genetic alterations in human cancers.5
The TP53 tumour suppressor gene is central in the cell cycle and
apoptotic pathways, and encodes the p53 protein that inhibits
phase-specific cell cycle progression by blocking the G1–S transition.6 Nuclear localization of the p53 molecule is essential for its
activity7,8 and the wild-type protein has a short half-life of <30
minutes. Hence, nuclear accumulation of the protein, as detected
by immunohistochemistry (IHC), has been hypothesized to correlate with loss of function of the protein.9 The effect of p53 is
mediated through the transcriptional activation of its downstream
effecter, p21.10 p21 is a cyclin-dependent kinase (CDK) inhibitor
and its reduced expression has been reported to be of prognostic
value in several human malignancies. However, the expression of

INTRODUCTION
Pathological staging of cancers traditionally takes into account the
size of the tumour (T), involvement of lymph nodes (N) and
presence of distant metastases (M) in the formulation of the TNM
stage. While other specialized systems of classification exist, such
as the International Federation of Gynaecology and Obstetrics
(FIGO) system for cervical cancers and the Duke’s system for
colon cancers, their central theme is still based on the concepts of
extent of the tumour, involvement of lymph nodes, and local and
regional spread. Accurate staging of tumours is also important for
determining the prognosis, selection of appropriate therapy and
estimation of therapeutic response.
The importance of recognition of concerted morphological and
biochemical changes such as angiogenesis and elevation of levels
of serum markers during tumour development has been known for
decades. The presence of biomarkers has often been incorporated
in different staging criteria. Microvessel density is measured as an
indicator of active tumour angiogenesis and has been correlated
with the incidence of metastases.1 Serum markers such as prostate-specific antigen (in prostate cancer)2 alpha-foetoprotein (in
primary hepatomas and germ cell tumours),3 and carcinoembryonic
antigen (in colorectal, pancreatic, breast and lung cancers)4 have
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FIG 1. Salient molecular players in cancer progression.
Rb retinoblastoma
CDK cyclin-dependent kinase
TSP-1 thrombospondin-1
VEGF vascular endothelial growth factor
MMP matrix metalloproteinase

p21 may be mediated by p53-independent pathways as well, as
demonstrated by Li et al.11
The retinoblastoma gene encodes a nuclear phosphoprotein
(pRb), which in the hypophosphorylated form binds and sequesters the transcription factor E2F (Fig. 1).12 Phosphorylation of
pRb by CDKs releases the bound E2F that can mediate the
transcription of genes for DNA synthesis.13 The tumour suppressive role of the pRb protein in controlling the cell cycle through its
regulation of E2F is, therefore, extremely crucial. The CDKs that
are pivotal for functional regulation of pRb are themselves negatively regulated by CDK inhibitors which include p16, p27 and
p21, of which p21 is a downstream effector of p53, thus tying in
the two suppressor function pathways.
p53 also regulates apoptosis by induction or repression of
downstream effecter molecules such as B-cell lymphoma-2 (Bcl2) and Bcl-2-associated X protein (Bax).14 Bcl-2 is the prototype
for a family of genes that are anti-apoptotic and inhibits the
activation of downstream caspases which, when otherwise stimulated, can trigger the apoptotic cascade.15
p53 also plays a role in angiogenesis by stimulating
thrombospondin-1 (TSP-1) which acts as a potent angiogenesis
inhibitor.16 The action of TSP-1 is countered by the pro-angiogenic effects of the vascular endothelial growth factor (VEGF)
that exerts its effects by upregulating nitric oxide (NO) synthase
which in turn stimulates NO formation and tumour vascularization.17 It is the subtle balance between the pro- and anti-angiogenic factors that determines the ultimate vascularity of the
tumour.

Special attention also needs to be devoted to the class of matrix
metalloproteinases (MMPs), specific proteolytic enzymes that
degrade the extracellular matrix and can contribute to increased
propensity for tumour invasion.18 The following section will focus
on the studies specifically conducted on MMP-2 and MMP-9 in
different types of cancers to understand their correlation with
prognosis and outcome.
Apart from the common, important biomarkers, there are additional markers that are unique to specific cancers, many of which
have already been translated into clinical practice. The HER-2/neu
proto-oncogene located on chromosome 17q21 encodes a transmembrane protein of the epidermal growth factor family19 which is
over-expressed in tumours of the breast,20 prostate21 and ovary.22
More importantly, it is now the target of the newly developed drug
trastuzumab (Herceptin; Genentech Inc., California USA), a specifically targeted monoclonal antibody that can synergistically act
with concomitant chemotherapy in HER-2/neu-expressing breast
tumours.23 In the case of neuroblastomas, amplification of the Nmyc gene can lead to over-production of the corresponding protein,24 which can be an indicator of increased tumour aggressiveness, and this biomarker has now been adopted in the diagnostic
and staging criteria.25 Antithetically, in oligodendroglial tumours,
the loss of heterozygosity on chromosomes 1p and 19q has been
correlated with increased chemosensitivity and good prognosis.26
PROGNOSTIC MARKERS IN CANCER
The recent understanding of the molecular basis of cancer necessitates a coordinated use of various immunological and molecular
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techniques with existing histopathological approaches towards
the detection of specific cancer subtypes, their accurate prognostic
staging and determination of appropriate therapeutic regimens.
There is an ever-increasing body of literature that looks into the
various molecular markers associated with different subtypes of
cancers, but the importance of studying their combined effects and
interplay is gaining prominence only recently. The following
sections provide an overview of some of the major studies that
have been carried out on various molecular determinants of
specific cancers that have a relatively high epidemiological importance for the Indian subcontinent. It should be noted that similar,
extensive studies have also been carried out in other cancers
including oesophageal, prostate and ovarian carcinomas, as well
as on melanomas, lymphomas and leukaemias, and have been
reviewed elsewhere.
Lung cancer
The International Agency for Research on Cancer and WHO label
lung cancer as the leading cause of mortality among men in
India.27 WHO histologically classifies lung cancer into the major
subtypes of non-small cell lung cancer (NSCLC), squamous cell
carcinoma (SCC), adenocarcinoma (AC) and large cell carcinoma, which represent about 75% of all lung cancer cases.28 The
existing TNM staging for lung cancers does not, by itself, provide
a wide distinction between the survival rates among the different
tumour stages. Naruke et al. noted that in the clinical staging,
there were no notable differences in the 5-year survival rates
between stages IB and IIA, stages IIA and IIB, and stages IIIB and
IV.29 However, such discrepancies can impact the therapy that a
patient receives, thereby affecting the overall prognosis. A multivariate analysis of 244 patients with stage I NSCLC from Harvard
University showed p53 expression and absence of p21 expression
to be significant predictors of recurrence, and the authors suggested the formulation of a pathological molecular substaging
system in addition to the existing TNM system to better stage the
tumours.30
p53 has probably been the most extensively investigated marker
for lung cancer. A study of 114 cases of stages I and II AC and SCC
for p53 accumulation showed that its increased expression in
primary tumours and regional lymph nodes correlated with a more
aggressive disease.31 Studies on p53 for the detection of NSCLC
have also shown a significant correlation with poor prognosis,
thereby indicating the inclusion of p53 mutation detection in the
work-up of NSCLC patients to employ more appropriate therapeutic strategies.32,33 A combined analysis of mutated p53 and p21
expression in NSCLC revealed that patients with p53- and p21negative tumours had the longest survival among those with
different p53 and p21 features, suggesting a combined measurement of both in the prediction of prognosis.34 Altered levels of pRb
protein has been shown to be an independent prognostic marker
for decreased overall survival in early-stage NSCLC,35 while a
combined study of p53, p21 and pRb have shown their value in
categorizing NSCLC patients into distinct prognostic groups.36 A
study by Fontanini et al. has also shown that the anti-apoptotic
marker Bcl-2 is significantly lower in patients who developed
metastasis and is inversely related to p53 expression in NSCLC
tumours.37 The BCL2 gene has been shown to promote tumour
invasion and lung metastasis by inducing expression of the MMP2
gene,38 and IHC for MMP-2 and MMP-9 have been suggested to
provide the best prognostic value for lung carcinoma.39 Multivariate analysis has shown the expression of TSP-1 to be an independent indicator of better prognosis in NSCLC40 and the pro-
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angiogenic factor VEGF to be a consistently poor prognostic
indicator, either independently41 or in combination with p53 or
proliferative index.42
Breast cancer
Cancers of the breast have the second highest incidence, prevalence and mortality rates among all cancers in women in India.27
The traditional modes of staging for breast cancer rely on histopathological reports and the number of axillary lymph nodes
involved in determining the local stage of the disease. However,
the broad spectra of pathological presentation of breast carcinomas themselves offer an almost intuitive hint on the varied
molecular players that might be involved in the progression of the
disease. Interestingly, the sex hormone receptor status is a very
weak prognosticator of disease outcome but a strong prognostic
marker of therapeutic response.43,44
Proliferation rates in breast cancer are associated with poor
prognosis44 and hence, the markers associated with increased cell
proliferation and inhibition of apoptosis have been studied in great
detail. A recent study analysing the transcript profiles of 251 p53sequenced primary breast tumours pointed out that attenuated p53
transcript levels are associated with poorer patient survival, thus
indicating the primary importance of a functional p53 status in
predicting clinical breast cancer behaviour.45 p53 positivity has
also been associated with younger age and decreased 5-year
progression-free and overall survival rates in inflammatory breast
cancer.46 Peters et al. have demonstrated a lower p21 expression
in malignant stage I or II breast tumours compared to patients with
benign breast pathology.47 However, a more interesting report
suggests that cytoplasmic localization of p21 is highly correlated
with over-expression of phospho-p21 (at threonine 145) which in
turn is associated with high expression of HER-2/neu and phosphoAkt. This triad is associated with worse overall survival.48 An
Italian study examining 153 primary breast carcinomas demonstrated that pRb scores correlated strongly with proliferation
activity, and loss of pRb immunostaining characterized a more
aggressive tumour phenotype.49 Cell cycle regulatory proteins
have thus been shown to be strongly associated with increased
proliferative capacity and poor prognosis in breast cancers. In the
apoptotic pathway, Bcl-2 has been associated with hormonal
receptor status50 and inversely correlated with p53 status in primary breast tumour specimens.51 Reduced expression levels of
Bax and Bcl-2, the prominent apoptotic markers, have been
independently associated with lymph node metastasis in invasive
breast cancers.52 Human breast tumours have been demonstrated
to become resistant to stromal TSP-1 in vivo by increasing the
production of VEGF in the tumour cells themselves.53 A loss of
stromal TSP-1 expression in ductal carcinoma in situ of the breast
is associated with a more histologically aggressive phenotype54
while increased total VEGF positivity is a significant prognostic
indicator for oestrogen receptor-positive breast tumours.55 Separate studies have shown the prognostic values of MMP-256 and
MMP-957 in breast cancer and the expression of both have been
partly related to the expression of transcription factor activator
protein-2 and HER-2 oncogene.58
Colorectal cancers
With over 33 000 new cases being detected each year in India
alone, colorectal cancers continue to be a major cause of morbidity
and mortality.27 Colon cancers are traditionally classified by
Duke’s staging, which is one of the oldest tumour staging systems.
The system has been frequently updated through the past century,
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though it has not been seriously challenged by any molecular
system of classification so far. However, as with other cancers,
colorectal carcinomas are also characterized by distinct molecular
markers that are significantly associated with its prognosis. A
review of the non-invasive methods of testing for colorectal
cancers by Ouyang et al. notes that while faecal occult blood
testing is a simple and inexpensive procedure that can reduce
mortality from colorectal cancer, faecal DNA testing provides
enhanced sensitivity for detection of the disease, although high
costs restrict its use for general screening.59
The site of the tumour in colon carcinomas plays a very
important role in the determination of prognosis at a morphological and molecular level. In a recent landmark publication under the
TP53 Colorectal Cancer International Collaborative study, mutations in the TP53 gene were analysed in 3583 patients with
colorectal cancer;60 34% of proximal colon tumours showed mutated TP53 with increased lymphatic invasion, while distal colon
and rectal tumours showed 45% mutations that corresponded with
a worse survival. Mutations in exon 5 of the TP53 gene were
correlated with overall survival in proximal colon tumours. Reduced nuclear localization of p21 by IHC has also been shown to
correlate with a poorer clinical course, decreased disease-free
survival and increased incidence of distant metastases.61,62 The
association between pRb expression and outcome in colorectal
carcinomas has not been extensively studied. The only important
study that examined the relationship between the expression of
pRb and p16 in 117 colorectal carcinoma patients who underwent
curative resection with radical lymphadenectomy showed that
aberrant expression of pRb and p16 independently affected postresection survival, while their coincident abnormalities indicated
the worst patient survival.63 A multivariate analysis of a large
study on colorectal cancer from the UK revealed an inverse
correlation between p53 and Bcl-2, with a p53–/Bcl-2+ phenotype
being significantly associated with a good prognosis, thus demonstrating its potential for providing stage-independent prognostic
information in colorectal cancer.64 Several studies have also shown
a strong association between TSP-1– and/or VEGF+ tumours, and
their tendency to demonstrate increased angiogenesis, and decreased recurrence and overall survival.65–69 A broad multivariate
study covering all classes of MMPs and their tissue inhibitors
(TIMPs) has identified the MMP/TIMP profile as an independent
indicator of poor prognosis in colorectal cancer.70 MMP-2 and
MMP-9 have been shown to be raised in colorectal carcinoma71
and the balance of MMP-9 with its regulator RECK serves as a
useful prognosticator.72
A special mention needs to be made about the use of molecular
diagnostics in the screening, identification and prognostication of
patients with hereditary non-polyposis colorectal carcinoma, an
autosomal dominant syndrome accounting for 5%–10% of all
colorectal cancer cases. A subset of these patients is characterized
by mutation in one of two DNA mismatch repair (MMR) genes
and high-frequency microsatellite instability, a condition known
as Lynch syndrome.73 Detection of the presence of microsatellite
instability and the absence of MMR protein expression by IHC are
suggested tools to identify individuals at risk for having Lynch
syndrome, which has a comparatively early onset, better prognosis
than that for the sporadic form of colorectal cancer, and an increased risk for cancer development in certain extracolonic sites.73,74
Bladder cancer
With close to 15 500 new cases detected each year, and almost
10 000 deaths, bladder cancer continues to be a major cause of
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cancer mortality in India.27 Staging of bladder cancer is done using
the TNM staging system, but it currently relies heavily on the
proper sampling of tissues. An independent review of 217 cases of
urothelial carcinoma (UC) suggested that portions of the muscularis propria were absent from samples of histologically documented UCs in up to 51% of cases, leading to interpretive discrepancies.75 This observation strongly makes a case for having more
objective modes of classifying UCs which can lead to a more
accurate staging, thereby rationalizing the therapy offered. Our
group at the University of Southern California is involved in
carrying out extensive research on the prognostic value of various
molecular markers for UC.
As with lung cancer, the TP53 tumour suppressor gene is
perhaps the most extensively researched marker for UC. Our
studies have suggested a strong correlation between nuclear
accumulation of p53 and a significantly increased risk of recurrence and death in UC, independently of the tumour grade, stage
and lymph node status.9 The multivariable analysis in this study
stratified by grade, pathological stage and lymph node status has
shown p53 status to be an independent predictor (and the only
independent predictor in organ-confined UC) of recurrence and
overall survival. Our studies have also shown that loss of p21
expression is an independent prognosticator of UC progression,
whereas a positive p21 expression appears to negate the deleterious effects of p53 alterations on UC progression.76 Other studies
have also suggested that a p53- and p21-positive status puts
patients with bladder carcinoma in situ at the greatest risk of
recurrence, progression and mortality.77 While investigations have
predictably reported the involvement of retinoblastoma gene mutations in superficial and invasive UC,78 our results have indicated
that UC cases with undetectable and high pRb reactivity have
identical recurrence and lower survival rates compared to cases
with moderate reactivity, indicating that elevated expression levels may reflect an altered pRb pathway.79 The study also showed
that patients with altered p53 and pRb had significantly increased
rates of recurrence compared to those with no alterations in either
of the markers, while patients with only one alteration showed
intermediate rates of recurrence. We have suggested that the
altered pathway leading to pRb inactivation is through its
hyperphosphorylation, which results due to loss of p16 expression
and/or cyclin D1 over-expression.80
A relatively recent study published by our group at the University of Southern California analyses the combined effects of p53,
p21 and pRb expression on the progression of UC.81 The investigations revealed 5-year recurrence and survival rates to be 23%
and 70%, respectively for tumours where none of the markers were
altered in contrast to corresponding rates of 93% and 8%, respectively for tumours that showed an alteration in all the three
markers. This landmark study in UC showed how a combination
of markers across different pathways could provide more specific
prognostic information than a single marker alone. In vitro studies
on bladder cancer cell lines have shown Bcl-2 expression to
interfere with the therapeutic effects of cisplatin and adenoviralmediated p53 gene transfer.82 Over-expression of Bcl-2 in UC has
also been correlated with poor outcome in UC patients who have
received synchronous chemoradiotherapy83 or curative radiotherapy.84 A study from the University of Southern California has
also proved the significance of TSP-1 as an independent predictor
of disease recurrence and overall survival after stratifying for
tumour stage, lymph node status and histological grade, but is not
independent of the p53 status.85 TSP-1 expression was significantly associated with p53 expression and microvessel density
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counts. Intriguingly, VEGF expression in superficial tumours has
been shown to be 4-fold higher than in invasive tumours and 10fold higher than in normal bladder tissues, thus suggesting the
potential use of VEGF as an informative marker for early bladder
cancer.86 Papathoma et al. have correlated increasing levels of
MMP-2 and MMP-9 with a statistically significant increase in
tumour grade and invasiveness, thus suggesting their role in the
degradation of the extracellular matrix of the basement membrane, thereby increasing the invasive potential of the tumour.87
USING A PANEL OF MARKERS
The above studies across various tumour types indicate that while
there is limited value conferred by single determinants of prognosis for any given tumour, there is enhanced clinical utility when
specific multiple markers are combined into panels. This is
inherent in the molecular complexity of tumorigenesis and tumour
progression, suggesting that modern medicine needs to account
for the spectra of changes at the molecular level to understand the
progression of cancers. However, in the enthusiastic effort of
including a wide array of markers constituting any such panel,
researchers and clinicians must be cognizant of certain pitfalls.
While a review of high-impact literature can be an invaluable first
step in drafting such a panel for any individual tumour, the
practicalities of accurate diagnosis and overall prognosis need to
be considered as well. For patients presenting with unknown
primaries, one can see the obvious drawback of having tumourspecific multimarker panels. Therefore, the first step is the generation of a screening panel for carcinomas and sarcomas that can
give an indication of their probable site of origin and molecular
aggressiveness (which can be correlated with tumour grade on
histopathology). This can be followed up with the use of tumourspecific marker panels that can have a combination of general
tumour markers as well as site- and pathogenesis-specific molecular indicators.
The generation of such multimarker panels also needs to take
into account the number of determinants that will be used in a
single set. This logic is intimately linked with the resulting
complexity of the panel that has a direct bearing on the time and
cost involved in the generation of results, and the level of expertise
required in interpreting them. In the Indian context, physicians
will also need to take into account the ready availability of the
required technologies for generation and interpretation of such
data across the varied physical, cultural and socioeconomic milieus of the country. The ultimate goal will be towards standardization of such panels across departments, institutions and regions
such that data exchange, analysis, storage and retrieval for any
given patient can be performed unhindered in a practical manner.
Cancer-specific panels will need to be catered towards oncopathologists and treating physicians. A broad prognostic panel
will cater to the need of the former group wherein general and
tumour-specific markers can be incorporated in a rational and
statistically appropriate way. Such a panel will have the power to
predict the prognosis of the patient with the given molecular
profile at a given point in time. Treating physicians will probably
be more inclined towards a therapeutic panel, wherein a lesser
number of genes can be used in a tumour-specific manner to judge
parameters such as initial aggressiveness at the start of treatment,
and the utility of the panel to monitor the therapeutic response. A
judicious combination of both the suggested marker panels could
then be used synergistically towards a more effective and personalized management of each patient.
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METHODS FOR EXPRESSION PROFILING
Although cancers arise through inherited genetic mutations and/
or acquired mutations over time, such mutated genes may transcribe into abnormal mRNAs which then translate into altered
proteins incapable of normal cellular function, which ultimately
lead to uncontrolled growth. Thus, it is crucial to not only examine
for genetic mutations, but also the gene expression profiles and
protein profiles. Recent technological advancements now allow
bench-level profiling of cancer cells with the hope of bringing
them to the bedside in the near future. Figure 2 schematically
represents the potential impact of profiling technologies on the
clinical management of cancer.
Transcript expression profiling
Expression microarrays are capable of generating vast databases
of information that provide high resolution snapshots of cellular
activity. Each experiment using expression arrays can be categorized into four separate processes: (i) array fabrication, (ii) sample
preparation (RNA isolation from target populations) and labelling, (iii) hybridization of a labelled sample with immobilized
probes on the array surface, and (iv) detection and data analysis.
Arrays can be fabricated by two different methods. The flexible,
in-house, customizable method uses a robotic spotter to print
cDNA clones or oligonucleotides available commercially on solid
surfaces such as nylon or glass. However, the spotted array has the
disadvantages of requiring accurate annotations and the risk of
cross-contamination.88 As opposed to spotting synthesized probes
on the surface, the alternative method uses technology that allows
for oligonucleotides typically comprising 20–50 nucleotides to be
directly synthesized in situ on the support. The in situ-synthesized
arrays have better coverage and consistency; however, the cost of
arrays and consumables can be relatively high.89 mRNA isolated
from cell lysates can be amplified and coupled with fluorescent,
chemiluminescent or radioactive labels followed by detection
using an appropriate scanner after hybridization with the immobilized probes on the array surface. Array-based expression technologies have become very powerful and popular high-throughput
tools for studying gene expression profiles and their usage can be
reflected in the exponential increase in the number of publications
in the past few years.90–92
Although the array technology has potential for large-scale
measurement of all human genes simultaneously, in its current
form, at least 1 µg of RNA is required for each experiment.93
Willey et al. have developed a modified quantitative method for
competitive reverse transcription–polymerase chain reaction (qc
RT-PCR) that allows the simultaneous measurement of many
genes using nanogram amounts of cDNA.94,95 The transcript levels
are expressed as numerical values per million molecules of a
housekeeping gene such as b-actin, thus allowing standardized
intra- and intersample comparisons.
Protein expression profiling
Two-dimensional gel electrophoresis (2DGE) is a widely used
and powerful technique for the isolation of biomolecules for
further characterization. More recently, it has been applied for the
identification of potential biomarkers for the diagnosis of cancer.
Generally, proteins in a 2DGE are separated by their isoelectric
points in the first dimension followed by separation based on their
molecular masses. Visualization of hundreds of biomolecules on
a single gel can be accomplished by radioactive or fluorescent
labelling. Differences in protein expression are quantified by
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FIG 2. Impact of biomarker profiling on cancer management.
qc RT-PCR quantitative, competitive reverse transcription–polymerase
chain reaction
2DGE 2-dimensional gel electrophoresis
MS mass spectrometry
MALDI matrix-assisted laser desorption
ionization
TOF time of flight
SELDI surface-enhanced laser desorption ionization

comparing the ratio of intensities between spots from independent
gels. It has been shown that 2DGE has the power of resolving over
1000 proteins as individual spots;96 however, this method is not
suitable for large-scale clinical testing because it is labour-intensive, time-consuming, has high sample consumption and is difficult to standardize across laboratories. This method is incapable
of detecting molecules that are very small or very large, highly
acidic or highly basic, or if they are in low abundance.97 Moreover,
it only separates the proteins and does not provide sufficient
information for identification of the spot, which requires further
downstream processing.
Time of flight mass spectrometry (TOF-MS) is a method to
identify proteins by estimating the mass-to-charge ratio through
the measurement of velocity (time of flight for an ionized peptide
to traverse the path between a protein-adsorbed metal plate
surface and the detector).98 Matrix-assisted laser desorption ionization (MALDI) and surface-enhanced laser desorption ionization (SELDI), techniques that are capable of analysing high
molecular weight proteins (>100 kDa) and small peptides (~30–
300 Da), respectively, enable the conversion of biomolecules into
a charged state that is essential for analysis by TOF-MS. In
MALDI, the procedure involves precipitation of the sample molecules with an excess of a matrix material such as a-cyano-4hydroxycinnamic acid or dihydroxybenzoic acid, which has an
absorbance at the wavelength of the laser. The precipitated solids
are then irradiated with laser pulses and the matrix material

imparts energy to the biomolecules, which are subjected to a
process of desorption and ionization followed by analysis using
MS to measure the mass-to-charge ratio of the protein, peptide or
peptide fragments based on TOF. Coupled with the separation
power of 2DGE, MALDI-MS is a very powerful tool for discovering possible biomarkers for cancer.96 SELDI is an affinity-based
MS method in which proteins are selectively adsorbed to a
chemically modified surface that permits binding based on hydrophilic, ionic or hydrophobic interactions. The proteins are identified by laser desorption TOF mass analysis. SELDI has become a
tool of choice for proteomics in recent years due to its versatility,
speed and ease of use in sample preparations while being highly
reproducible (<10% variation between runs) and sensitive (detection limit ~femtomolar).99 A potential clinical application of the
SELDI system is towards the development of immunoassays by
immobilizing an antibody to a specific biomarker on the array
surface. For example, Xiao et al. have successfully quantified the
prostate-specific membrane antigen from serum for the diagnosis
of prostate cancer using SELDI immunoassay.100 Apart from
detecting a single biomarker, SELDI is also capable of detecting
a pattern of proteins for cancer diagnosis. In a landmark study,
raw, unfractionated sera from patients with ovarian cancer was
analysed by SELDI to produce a TOF bar code consisting of
thousands of protein ion signatures for diagnosis.101 However, MS
continues to be an expensive method that requires highly skilled
technical expertise.
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Surface plasmon resonance (SPR) spectroscopy is a technique
capable of monitoring surface-to-molecule binding in real time
and without labels. Diverse biomolecules, including membranebound and serum proteins, nucleic acids and lipids, have been
examined with SPR. The first component of the interaction to be
studied is immobilized covalently (via NHS-esters, amine-, hydrazine- and sulphydryl-functional groups)102 to the hydrogel or
carboxylated dextran interface matrix, and the other interactants
are passed over the chip in solution. The change of concentration
at the sensor surface, reflecting the progress of the interaction
studied, is monitored in real time by optically measuring the
change in the refractive index and an SPR response is detected.
The technique does not require molecular labels for detection and
can measure mass changes as low as 10 pg/mm.89,103 Clinical
applicability of this method has been shown using the BIACORE
2000 system with a specific antibody bound on the surface to
monitor the development of infusion-related adverse events in
patients on a clinical immunotherapy trial for colon cancer, where
the levels of antihuman antibodies in serum were examined,
thereby allowing patients to be removed from the study before the
onset of severe infusion-related adverse events.104
Luminex assays use polystyrene microspheres internally dyed
with differing ratios of two spectrally distinct fluorophores to
create a family of 100 differentially spectrally addressed bead sets.
Each of the 100 spectrally addressed bead sets can be conjugated
with a capture antibody specific for a unique target protein. In a
multiplexed assay, such antibody-conjugated beads are allowed to
react with the sample under investigation (plasma, serum or cell
culture supernatant). After washing, secondary or detection antibodies are added to the microtitre plate well to form a capture
sandwich immunoassay. The assay solution is analysed by the
fluorometric array reader, which obtains two fluorescence readings for every single bead: one that identifies a bead as a member
of one of the 100 possible sets, and another that measures the
amount of fluorescent dye, phycoerythrin (PE), bound to the
detection antibody in the assay. The amount of green fluorescence
(from PE) is proportional to the amount of analyte captured in the
immunoassay. Using this assay, thousands of beads can be
analysed in seconds, allowing up to 100 analytes to be measured
in a 96-well microplate in one hour.105 In addition, since the
fluorescence from each bead is measured independently, sufficient data points are accumulated to allow for assaying each
sample in a single well and not in duplicates.
IMPLICATIONS FOR PATIENT MANAGEMENT
Employment of a molecular marker panel for the detection, prognostication and therapeutic planning of cancers is now moving
towards reality with the availability of sophisticated high-throughput techniques that can accurately profile multiple determinants
simultaneously. Outputs for the marker panel can then be run
through statistical or genetic programming algorithms to generate
classifier signatures that can then objectively and precisely group
a tumour sample to a particular class.106
With an increase in the number of specialty centres devoted to
cancer treatment and with a growing realization of the need to
revise tumour staging based on more accurate prognostic and
therapeutic indicators in the form of molecular markers, there is an
urgent need to revamp core pathology and diagnostic facilities at
such centres to perform molecular profiling. These departments
can then serve to provide pathologists and clinicians with more
objective and precise methods of cancer staging and treatment
classification. Such facilities can provide diagnostic and thera-
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peutic monitoring services using common platforms, thus proving
to be comprehensive centres for patient management, from detection to intervention and beyond. The computing backbone at such
cores can also liaise with medical records departments at hospitals
to combine diagnostic and therapeutic monitoring information for
the same patient to ensure better follow up. They can also serve as
large-scale repositories for patient data that can be an invaluable
resource for retrospective, population-based and epidemiological
studies. The availability of such data in electronic format can also
simplify the secure transmission of critical patient information
between departments, physicians and institutions.
While the revised staging of cancers based on their molecular
profiles can serve as an efficient tool to address clinical problems
currently facing oncopathology, molecular marker profiling in
cancer can go beyond the scope of clinical research via the
combined advantages of early detection, risk prediction, drug
target discovery, rational administration of therapies and effective
therapeutic monitoring. It can be hoped that biomarker profiling
can directly impact cancer patient management by significantly
reducing morbidity and mortality.
REFERENCES
1 Weidner N. Tumor angiogenesis: Review of current applications in tumor
prognostication. Semin Diagn Pathol 1993;10:302–13.
2 Brawer MK, Lange PH. Prostate-specific antigen in management of prostatic
carcinoma. Urology 1989;33:11–16.
3 Yachnin S. The clinical significance of human alpha-fetoprotein. Ann Clin Lab Sci
1978;8:84–90.
4 Sugarbaker PH. Role of carcinoembryonic antigen assay in the management of
cancer. Adv Immun Cancer Ther 1985;1:167–93.
5 Funk JO. Cancer cell cycle control. Anticancer Res 1999;19:4772–80.
6 Livingstone LR, White A, Sprouse J, Livanos E, Jacks T , Tlsty TD. Altered cell
cycle arrest and gene amplification potential accompany loss of wild-type p53. Cell
1992;70:923–35.
7 Shaulsky G, Goldfinger N, Tosky MS, Levine AJ, Rotter V. Nuclear localization is
essential for the activity of p53 protein. Oncogene 1991;6:2055–65.
8 Shaulsky G, Goldfinger N, Ben-Ze’ev A, Rotter V. Nuclear accumulation of p53
protein is mediated by several nuclear localization signals and plays a role in
tumorigenesis. Mol Cell Biol 1990;10:6565–77.
9 Esrig D, Elmajian D, Groshen S, Freeman JA, Stein JP, Chen SC, et al. Accumulation
of nuclear p53 and tumor progression in bladder cancer. N Engl J Med 1994;331:
1259–64.
10 el-Deiry WS, Tokino T, Velculescu VE, Levy DB, Parsons R, Trent JM, et al.
WAF1, a potential mediator of p53 tumor suppression. Cell 1993;75:817–25.
11 Li D, Tian Y, Ma Y, Benjamin T. p150 (Sal2) is a p53-independent regulator of p21
(WAF1/CIP). Mol Cell Biol 2004;24:3885–93.
12 Chellappan SP, Hiebert S, Mudryj M, Horowitz JM, Nevins JR. The E2F transcription
factor is a cellular target for the RB protein. Cell 1991;65:1053–61.
13 Sellers WR, Kaelin WG Jr. Role of the retinoblastoma protein in the pathogenesis
of human cancer. J Clin Oncol 1997;15:3301–12.
14 Miyashita T, Krajewski S, Krajewska M, Wang HG, Lin HK, Liebermann DA, et al.
Tumor suppressor p53 is a regulator of bcl-2 and bax gene expression in vitro and in
vivo. Oncogene 1994;9:1799–805.
15 Cory S, Huang DC, Adams JM. The Bcl-2 family: Roles in cell survival and
oncogenesis. Oncogene 2003;22:8590–607.
16 Dameron KM, Volpert OV, Tainsky MA, Bouck N. Control of angiogenesis in
fibroblasts by p53 regulation of thrombospondin-1. Science 1994;265:1582–4.
17 Ahmed A, Dunk C, Kniss D, Wilkes M. Role of VEGF receptor-1 (Flt-1) in
mediating calcium-dependent nitric oxide release and limiting DNA synthesis in
human trophoblast cells. Lab Invest 1997;76:779–91.
18 Rosenberg GA, Navratil M, Barone F, Feuerstein G. Proteolytic cascade enzymes
increase in focal cerebral ischemia in rat. J Cereb Blood Flow Metab 1996;16:
360–6.
19 George B, Cote RJ, Datar RH. Nucleic acids in disease prognosis. Natl Med J India
2001;14:163–7.
20 Ross JS, Fletcher JA, Linette GP, Stec J, Clark E, Ayers M, et al. The Her-2/neu gene
and protein in breast cancer 2003: Biomarker and target of therapy. Oncologist
2003;8:307–25.
21 Di Lorenzo G, Autorino R, De Laurentiis M, Cindolo L, D’Armiento M, Bianco AR,
et al. HER-2/neu receptor in prostate cancer development and progression to
androgen independence. Tumori 2004;90:163–70.
22 Meden H, Kuhn W. Overexpression of the oncogene c-erbB-2 (HER2/neu) in
ovarian cancer: A new prognostic factor. Eur J Obstet Gynecol Reprod Biol 1997;
71:173–9.

MITRA et al.

:

BIOMARKER PROFILING FOR CANCER

23 Ross JS, Gray GS. Targeted therapy for cancer: The HER-2/neu and Herceptin story.
Clin Leadersh Manag Rev 2003;17:333–40.
24 Datar RH. Nucleic acids in disease: Information launch-pad. Natl Med J India 2000;
13:255–62.
25 Brodeur GM, Pritchard J, Berthold F, Carlsen NL, Castel V, Castelberry RP, et al.
Revisions of the international criteria for neuroblastoma diagnosis, staging, and
response to treatment. J Clin Oncol 1993;11:1466–77.
26 Felsberg J, Erkwoh A, Sabel MC, Kirsch L, Fimmers R, Blaschke B, et al.
Oligodendroglial tumors: Refinement of candidate regions on chromosome arm 1p
and correlation of 1p/19q status with survival. Brain Pathol 2004;14:121–30.
27 International Agency for Research on Cancer. GLOBOCAN 2002: Cancer incidence,
mortality and prevalence worldwide. IARC Cancerbase No.5 version 2.0. Lyon:
IARC Press, 2004. www-dep.iarc.fr (accessed on 4 Jan 2006)
28 World Health Organization. The World Health Organization histological typing of
lung tumours. Second edition. Am J Clin Pathol 1982;77:123–36.
29 Naruke T, Tsuchiya R, Kondo H, Asamura H. Prognosis and survival after resection
for bronchogenic carcinoma based on the 1997 TNM-staging classification: The
Japanese experience. Ann Thorac Surg 2001;71:1759–64.
30 Kwiatkowski DJ, Harpole DH Jr, Godleski J, Herndon JE 2nd, Shieh DB, Richards
W, et al. Molecular pathologic substaging in 244 stage I non-small-cell lung cancer
patients: Clinical implications. J Clin Oncol 1998;16:2468–77.
31 Quinlan DC, Davidson AG, Summers CL, Warden HE, Doshi HM. Accumulation
of p53 protein correlates with a poor prognosis in human lung cancer. Cancer Res
1992;52:4828–31.
32 Horio Y, Takahashi T, Kuroishi T, Hibi K, Suyama M, Niimi T, et al. Prognostic
significance of p53 mutations and 3p deletions in primary resected non-small cell
lung cancer. Cancer Res 1993;53:1–4.
33 Mitsudomi T, Oyama T, Kusano T, Osaki T, Nakanishi R, Shirakusa T. Mutations
of the p53 gene as a predictor of poor prognosis in patients with non-small-cell lung
cancer. J Natl Cancer Inst 1993;85:2018–23.
34 Fujino M, Dosaka-Akita H, Harada M, Hiroumi H, Kinoshita I, Akie K, et al.
Prognostic significance of p53 and ras p21 expression in nonsmall cell lung cancer.
Cancer 1995;76:2457–63.
35 Xu HJ, Quinlan DC, Davidson AG, Hu SX, Summers CL, Li J, et al. Altered
retinoblastoma protein expression and prognosis in early-stage non-small-cell lung
carcinoma. J Natl Cancer Inst 1994;86:695–9.
36 Dosaka-Akita H, Hu SX, Fujino M, Harada M, Kinoshita I, Xu HJ, et al. Altered
retinoblastoma protein expression in nonsmall cell lung cancer: Its synergistic
effects with altered ras and p53 protein status on prognosis. Cancer 1997;79:
1329–37.
37 Fontanini G, Vignati S, Bigini D, Mussi A, Lucchi M, Angeletti CA, et al. Bcl-2
protein: A prognostic factor inversely correlated to p53 in non-small-cell lung cancer.
Br J Cancer 1995;71:1003–7.
38 Choi J, Choi K, Benveniste EN, Hong YS, Lee JH, Kim J, et al. Bcl-2 promotes
invasion and lung metastasis by inducing matrix metalloproteinase-2. Cancer Res
2005;65:5554–60.
39 Hoikkala S, Paakko P, Soini Y, Makitaro R, Kinnula V, Turpeenniemi-Hujanen T.
Tissue MMP-2/TIMP-2-complex are better prognostic factors than serum MMP-2,
MMP-9 or TIMP-1 in Stage I–III lung carcinoma. Cancer Lett 2005 June 24 (Epub
ahead of print)
40 Yamaguchi M, Sugio K, Ondo K, Yano T, Sugimachi K. Reduced expression of
thrombospondin-1 correlates with a poor prognosis in patients with non-small cell
lung cancer. Lung Cancer 2002;36:143–50.
41 Imoto H, Osaki T, Taga S, Ohgami A, Ichiyoshi Y, Yasumoto K. Vascular endothelial
growth factor expression in non-small-cell lung cancer: Prognostic significance in
squamous cell carcinoma. J Thorac Cardiovasc Surg 1998;115:1007–14.
42 Liao M, Wang H, Lin Z, Feng J, Zhu D. Vascular endothelial growth factor and other
biological predictors related to the postoperative survival rate on non-small cell lung
cancer. Lung Cancer 2001;33:125–32.
43 Harris Y, Marrow M, Norton L. Malignant tumor of the breast. In: DeVita VT,
Hellman S, Rosenberg SA (eds). Principles and practice of oncology. Vol. 1. Fifth
edition. Philadelphia:Lippincott–Raven Publishers; 1997:1557–616.
44 Ravaioli A, Bagli L, Zucchini A, Monti F. Prognosis and prediction of response in
breast cancer: The current role of the main biological markers. Cell Prolif
1998;31:113–26.
45 Miller LD, Smeds J, George J, Vega VB, Vergara L, Ploner A, et al. An expression
signature for p53 status in human breast cancer predicts mutation status, transcriptional
effects, and patient survival. Proc Natl Acad Sci U S A 2005;102:13550–5.
46 Gonzalez-Angulo AM, Sneige N, Buzdar AU, Valero V, Kau SW, Broglio K, et al.
p53 expression as a prognostic marker in inflammatory breast cancer. Clin Cancer
Res 2004;10:6215–21.
47 Peters MG, Vidal Mdel C, Gimenez L, Mauro L, Armanasco E, Cresta C, et al.
Prognostic value of cell cycle regulator molecules in surgically resected stage I and
II breast cancer. Oncol Rep 2004;12:1143–50.
48 Winters ZE, Leek RD, Bradburn MJ, Norbury CJ, Harris AL. Cytoplasmic p21WAF1/
CIP1 expression is correlated with HER-2/ neu in breast cancer and is an independent
predictor of prognosis. Breast Cancer Res 2003;5:R242–9.
49 Ceccarelli C, Santini D, Chieco P, Taffurelli M, Gamberini M, Pileri SA, et al.
Retinoblastoma (RB1) gene product expression in breast carcinoma. Correlation with
Ki-67 growth fraction and biopathological profile. J Clin Pathol 1998;51:818–24.

311
50 Linjawi A, Kontogiannea M, Halwani F, Edwardes M, Meterissian S. Prognostic
significance of p53, bcl-2, and Bax expression in early breast cancer. J Am Coll Surg
2004;198:83–90.
51 Arun B, Kilic G, Yen C, Foster B, Yardley D, Gaynor R, et al. Correlation of Bcl2 and p53 expression in primary breast tumors and corresponding metastatic lymph
nodes. Cancer 2003;98:2554–9.
52 Bukholm IR, Bukholm G, Nesland JM. Reduced expression of both Bax and Bcl-2
is independently associated with lymph node metastasis in human breast carcinomas.
Apmis 2002;110:214–20.
53 Fontana A, Filleur S, Guglielmi J, Frappart L, Bruno-Bossio G, Boissier S, et al.
Human breast tumors override the antiangiogenic effect of stromal thrombospondin-1 in vivo. Int J Cancer 2005;116:686–91.
54 Rice AJ, Steward MA, Quinn CM. Thrombospondin 1 protein expression relates to
good prognostic indices in ductal carcinoma in situ of the breast. J Clin Pathol 2002;
55:921–5.
55 Bando H, Weich HA, Brokelmann M, Horiguchi S, Funata N, Ogawa T, et al.
Association between intratumoral free and total VEGF, soluble VEGFR-1, VEGFR2 and prognosis in breast cancer. Br J Cancer 2005;92:553–61.
56 Sivula A, Talvensaari-Mattila A, Lundin J, Joensuu H, Haglund C, Ristimaki A, et
al. Association of cyclooxygenase-2 and matrix metalloproteinase-2 expression in
human breast cancer. Breast Cancer Res Treat 2005;89:215–20.
57 Talvensaari-Mattila A, Turpeenniemi-Hujanen T. Preoperative serum MMP-9
immunoreactive protein is a prognostic indicator for relapse-free survival in breast
carcinoma. Cancer Lett 2005;217:237–42.
58 Pellikainen JM, Ropponen KM, Kataja VV, Kellokoski JK, Eskelinen MJ, Kosma
VM. Expression of matrix metalloproteinase (MMP)-2 and MMP-9 in breast cancer
with a special reference to activator protein-2, HER2, and prognosis. Clin Cancer
Res 2004;10:7621–8.
59 Ouyang DL, Chen JJ, Getzenberg RH, Schoen RE. Noninvasive testing for colorectal
cancer: A review. Am J Gastroenterol 2005;100:1393–403.
60 Russo A, Bazan V, Iacopetta B, Kerr D, Soussi T, Gebbia N. The TP53 colorectal
cancer international collaborative study on the prognostic and predictive significance
of p53 mutation: Influence of tumor site, type of mutation, and adjuvant treatment.
J Clin Oncol 2005;23:7518–28.
61 Prall F, Ostwald C, Nizze H , Barten M. Expression profiling of colorectal carcinomas
using tissue microarrays: Cell cycle regulatory proteins p21, p27, and p53 as
immunohistochemical prognostic markers in univariate and multivariate analysis.
Appl Immunohistochem Mol Morphol 2004;12:111–21.
62 Schwandner O, Bruch HP, Broll R. Prognostic significance of p21 and p27 protein,
apoptosis, clinical and histologic factors in rectal cancer without lymph node
metastases. Eur Surg Res 2002;34:389–96.
63 Cui X, Shirai Y, Wakai T, Yokoyama N, Hirano S, Hatakeyama K. Aberrant
expression of pRb and p16(INK4), alone or in combination, indicates poor outcome
after resection in patients with colorectal carcinoma. Hum Pathol 2004;35:
1189–95.
64 Watson NF, Madjd Z, Scrimegour D, Spendlove I, Ellis IO, Scholefield JH, et al.
Evidence that the p53 negative/Bcl-2 positive phenotype is an independent indicator
of good prognosis in colorectal cancer: A tissue microarray study of 460 patients.
World J Surg Oncol 2005;3:47.
65 Maeda K, Nishiguchi Y, Kang SM, Yashiro M, Onoda N, Sawada T, et al.
Expression of thrombospondin-1 inversely correlated with tumor vascularity and
hematogenous metastasis in colon cancer. Oncol Rep 2001;8:763–6.
66 Miyanaga K, Kato Y, Nakamura T, Matsumura M, Amaya H, Horiuchi T, et al.
Expression and role of thrombospondin-1 in colorectal cancer. Anticancer Res
2002;22:3941–8.
67 Ishigami SI, Arii S, Furutani M, Niwano M, Harada T, Mizumoto M, et al.
Predictive value of vascular endothelial growth factor (VEGF) in metastasis and
prognosis of human colorectal cancer. Br J Cancer 1998;78:1379–84.
68 Maeda K, Nishiguchi Y, Yashiro M, Yamada S, Onoda N, Sawada T, et al.
Expression of vascular endothelial growth factor and thrombospondin-1 in colorectal
carcinoma. Int J Mol Med 2000;5:373–8.
69 Kaio E, Tanaka S, Oka S, Hiyama T, Kitadai Y, Haruma K, et al. Clinical significance
of thrombospondin-1 expression in relation to vascular endothelial growth factor and
interleukin-10 expression at the deepest invasive tumor site of advanced colorectal
carcinoma. Int J Oncol 2003;23:901–11.
70 Curran S, Dundas SR, Buxton J, Leeman MF, Ramsay R, Murray GI. Matrix
metalloproteinase/tissue inhibitors of matrix metalloproteinase phenotype identifies
poor prognosis colorectal cancers. Clin Cancer Res 2004;10:8229–34.
71 Moran A, Iniesta P, Garcia-Aranda C, De Juan C, Diaz-Lopez A, Sanchez-Pernaute
A, et al. Clinical relevance of MMP-9, MMP-2, TIMP-1 and TIMP-2 in colorectal
cancer. Oncol Rep 2005;13:115–20.
72 Takeuchi T, Hisanaga M, Nagao M, Ikeda N, Fujii H, Koyama F, et al. The
membrane-anchored matrix metalloproteinase (MMP) regulator RECK in
combination with MMP-9 serves as an informative prognostic indicator for colorectal
cancer. Clin Cancer Res 2004;10:5572–9.
73 Kouraklis G, Misiakos EP. Hereditary nonpolyposis colorectal cancer (Lynch
syndrome): Criteria for identification and management. Dig Dis Sci 2005;50:
336–44.
74 Baudhuin LM, Burgart LJ, Leontovich O, Thibodeau SN. Use of microsatellite
instability and immunohistochemistry testing for the identification of individuals at
risk for Lynch syndrome. Fam Cancer 2005;4:255–65.

312

THE NATIONAL MEDICAL JOURNAL OF INDIA

75 Maruniak NA, Takezawa K, Murphy WM. Accurate pathological staging of urothelial
neoplasms requires better cystoscopic sampling. J Urol 2002;167:2404–7.
76 Stein JP, Ginsberg DA, Grossfeld GD, Chatterjee SJ, Esrig D, Dickinson MG, et al.
Effect of p21WAF1/CIP1 expression on tumor progression in bladder cancer. J Natl
Cancer Inst 1998;90:1072–9.
77 Shariat SF, Kim J, Raptidis G, Ayala GE, Lerner SP. Association of p53 and p21
expression with clinical outcome in patients with carcinoma in situ of the urinary
bladder. Urology 2003;61:1140–5.
78 Miyamoto H, Shuin T, Torigoe S, Iwasaki Y, Kubota Y. Retinoblastoma gene
mutations in primary human bladder cancer. Br J Cancer 1995;71:831–5.
79 Cote RJ, Dunn MD, Chatterjee SJ, Stein JP, Shi SR, Tran QC, et al. Elevated and
absent pRb expression is associated with bladder cancer progression and has
cooperative effects with p53. Cancer Res 1998;58:1090–4.
80 Chatterjee SJ, George B, Goebell PJ, Alavi-Tafreshi M, Shi SR, Fung YK, et al.
Hyperphosphorylation of pRb: A mechanism for RB tumour suppressor pathway
inactivation in bladder cancer. J Pathol 2004;203:762–70.
81 Chatterjee SJ, Datar R, Youssefzadeh D, George B, Goebell PJ, Stein JP, et al.
Combined effects of p53, p21, and pRb expression in the progression of bladder
transitional cell carcinoma. J Clin Oncol 2004;22:1007–13.
82 Miyake H, Hanada N, Nakamura H, Kagawa S, Fujiwara T, Hara I, et al.
Overexpression of Bcl-2 in bladder cancer cells inhibits apoptosis induced by
cisplatin and adenoviral-mediated p53 gene transfer. Oncogene 1998;16:933–43.
83 Hussain SA, Ganesan R, Hiller L, Cooke PW, Murray P, Young LS, et al. BCL2
expression predicts survival in patients receiving synchronous chemoradiotherapy in
advanced transitional cell carcinoma of the bladder. Oncol Rep 2003;10:571–6.
84 Ong F, Moonen LM, Gallee MP, ten Bosch C, Zerp SF, Hart AA, et al. Prognostic
factors in transitional cell cancer of the bladder: An emerging role for Bcl-2 and p53.
Radiother Oncol 2001;61:169–75.
85 Grossfeld GD, Ginsberg DA, Stein JP, Bochner BH, Esrig D, Groshen S, et al.
Thrombospondin-1 expression in bladder cancer: Association with p53 alterations,
tumor angiogenesis, and tumor progression. J Natl Cancer Inst 1997;89:219–27.
86 O’Brien T, Cranston D, Fuggle S, Bicknell R, Harris AL. Different angiogenic
pathways characterize superficial and invasive bladder cancer. Cancer Res 1995;55:
510–13.
87 Papathoma AS, Petraki C, Grigorakis A, Papakonstantinou H, Karavana V, Stefanakis
S, et al. Prognostic significance of matrix metalloproteinases 2 and 9 in bladder
cancer. Anticancer Res 2000;20:2009–13.
88 Mocellin S, Wang E, Panelli M, Pilati P, Marincola FM. DNA array-based gene
profiling in tumor immunology. Clin Cancer Res 2004;10:4597–606.
89 Bucca G, Carruba G, Saetta A, Muti P, Castagnetta L , Smith CP. Gene expression
profiling of human cancers. Ann N Y Acad Sci 2004;1028:28–37.
90 Alizadeh AA, Eisen MB, Davis RE, Ma C, Lossos IS, Rosenwald A, et al. Distinct
types of diffuse large B-cell lymphoma identified by gene expression profiling.
Nature 2000;403:503–11.
91 Yeoh EJ, Ross ME, Shurtleff SA, Williams WK, Patel D, Mahfouz R, et al.

92

93

94

95

96
97
98
99
100

101

102

103

104

105

106

Classification, subtype discovery, and prediction of outcome in pediatric acute
lymphoblastic leukemia by gene expression profiling. Cancer Cell 2002;1:133–43.
van’t Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, et al. Gene
expression profiling predicts clinical outcome of breast cancer. Nature 2002;415:
530–6.
Lockhart DJ, Dong H, Byrne MC, Follettie MT, Gallo MV, Chee MS, et al.
Expression monitoring by hybridization to high-density oligonucleotide arrays. Nat
Biotechnol 1996;14:1675–80.
Apostolakos MJ, Schuermann WH, Frampton MW, Utell MJ, Willey JC.
Measurement of gene expression by multiplex competitive polymerase chain reaction.
Anal Biochem 1993;213:277–84.
Willey JC, Crawford EL, Jackson CM, Weaver DA, Hoban JC, Khuder SA, et al.
Expression measurement of many genes simultaneously by quantitative RT-PCR
using standardized mixtures of competitive templates. Am J Respir Cell Mol Biol
1998;19:6–17.
Shen Y, Smith RD. Proteomics based on high-efficiency capillary separations.
Electrophoresis 2002;23:3106–24.
White CN, Chan DW, Zhang Z. Bioinformatics strategies for proteomic profiling.
Clin Biochem 2004;37:636–41.
Aebersold R, Mann M. Mass spectrometry-based proteomics. Nature 2003;422:
198–207.
Lee KH. Proteomics: A technology-driven and technology-limited discovery science.
Trends Biotechnol 2001;19:217–22.
Xiao Z, Adam BL, Cazares LH, Clements MA, Davis JW, Schellhammer PF, et al.
Quantitation of serum prostate-specific membrane antigen by a novel protein biochip
immunoassay discriminates benign from malignant prostate disease. Cancer Res
2001;61:6029–33.
Petricoin EF, Ardekani AM, Hitt BA, Levine PJ, Fusaro VA, Steinberg SM, et al.
Use of proteomic patterns in serum to identify ovarian cancer. Lancet 2002;359:
572–7.
O’Shannessy DJ, Brigham-Burke M, Peck K. Immobilization chemistries suitable
for use in the BIAcore surface plasmon resonance detector. Anal Biochem
1992;205:132–6.
Fagerstam LG, Frostell-Karlsson A, Karlsson R, Persson B, Ronnberg I. Biospecific
interaction analysis using surface plasmon resonance detection applied to kinetic,
binding site and concentration analysis. J Chromatogr 1992;597:397–410.
Ritter G, Cohen LS, Williams C Jr, Richards EC, Old LJ, Welt S. Serological
analysis of human anti-human antibody responses in colon cancer patients treated
with repeated doses of humanized monoclonal antibody A33. Cancer Res
2001;61:6851–9.
Gorelik E, Landsittel DP, Marrangoni AM, Modugno F, Velikokhatnaya L, Winans
MT, et al. Multiplexed immunobead-based cytokine profiling for early detection of
ovarian cancer. Cancer Epidemiol Biomarkers Prev 2005;14:981–7.
Mitra AP, Datar RH, Cote RJ. Molecular staging of bladder cancer. BJU Int
2005;96:7–12.

PP Surya Kumari Prize
Indian Pharmacological Society
PP Surya Kumari prize is awarded by IPS every year for the best research paper
on ‘Diabetes mellitus, other endocrinal and metabolic disorders’ published in any
journal in the last five years. The prize is open to Indian scientists working in Indian
laboratories. The award is presented to the winner at the annual conference of
IPS.
Those who wish to compete for the prize for the year 2006 may submit five reprint/
copies of the paper (published in 2001–2005) to the Chief Editor, Indian Journal of
Pharmacology at the following address, before 31 March 2006.
e-mail: ijp@jipmer.edu
Phone: 0413–2271969
Website: www.ijp-online.com
Fax: 0413–2272067

VOL. 18, NO. 6, 2005

Professor R. Raveendran
Convener, PP Surya Kumari Prize,
The Chief Editor—IJP
Department of Pharmacology
JIPMER, Pondicherry 605006
India

