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Abstract

Biomarkers present the normal and/or disease state in humans. Genetic and epigenetic biomarkers assessed in easily accessible biological
materials are useful in diagnosis, early onset or risk of developing cancer or to predict the treatment efficacy or clinical outcome of different
human malignancies. Moreover, some of these markers are expressed during early stages of the tumor development and hence provide an
opportunity to develop intervention and treatment strategies. Attempts are being made to validate cancer biomarkers in non-invasively collected
samples. Multiplexing of clinically validated markers is still a challenge. Once validated, these markers can be utilized in clinical settings and
to identify high risk populations. In this review, the current status of the clinical genetic and epigenetic biomarkers and their implication in

cancer diagnosis and risk assessment are discussed.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Background and Introduction

Biomarkers are used for risk assessment, prevention, early
detection, diagnosis, treatment, prognosis and recurrence of
different diseases including cancer [1]. Among all types of
markers, several genetic and epigenetic markers have been
very well characterized and utilized in clinical studies. We
have discussed both markers in different tumor types and
compared their strengths and weaknesses.

Epidemiological studies based on biomarkers, behavior,
and lifestyle, are crucial to predict and identify high risk
populations. Different populations are susceptible to different
cancers. For example, there has been a dramatic change in the
epidemiology of upper gastrointestinal cancer in the Western
World in general and United States in particular, over past two
decades [2]. However, a substantial decline in the gastric can-
cer and increase in mortality from esophageal cancer has been
observed. Esophageal adenocarcinoma is more common than
esophageal squamous carcinoma in the US. Identification of
cancer early in population studies gives an opportunity for
intervention and in this whole process genetic and epigenetic
biomarkers play a major role.

In the following two sections we have discussed about the
current status of genetic and epigenetic markers in cancer
diagnosis and risk prediction and establish that both markers
provide complementary information.

2. Genetic markers in cancer diagnosis and risk
assessment

Cancer is a genetic, epigenetic and cytogenetic disease.
A number of DNA based markers have been identified

for cancer detection. Some of these markers are described
below.

2.1. Nucleotide excision repair

These markers have been used in identifying high risk
population by examining the association between DNA
repair capacity phenotype and genetic polymorphisms of the
nucleotide excision repair (NER) genes and risk of tobacco-
related cancers, including cancers of the lung, head and neck,
prostate, bladder, breast, and esophagus [3]. DNA repair
plays a central role in maintaining genomic stability. Some
patients with xeroderma pigmentosum (XP) are highly sus-
ceptible to ultraviolet light (UV)-induced melanoma and
nonmelanoma skin cancers. It is the consensus among sci-
entists that DNA repair capacity may contribute to genetic
susceptibility leading to cancer development in the general
population.

2.2. Long DNA

DNA seems to be stable in stool and available in suffi-
cient quantity to utilize PCR based methods for detection of
mutations in colorectal cancer (CRC). The challenge in this
technique is the potential of degradation of DNA and the pres-
ence of inhibitors of the polymerase enzyme [4—6]. Unless
the DNA degradation problem is resolved, it is less likely that
long DNA is used in clinic as a marker.

2.3. Loss of heterozygosity

Loss of heterozygosity (LOH) may contribute to cancer
development. In gastric cancer, LOH and mutation in PTEN
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are common features and have been utilized as a marker [7].
The disadvantage of using this marker is its low specificity
in different tumor types.

2.4. Microsatellite instability

Microsatellite instability (MSI) is the phenotypic hall-
mark of a deficient DNA mismatch repair system, observed
in 10-20% of sporadic colorectal cancers (CRC). In general,
five dinucleotide MSI are sufficient to identify high risk CRC
population but among Asian population two MSI are suffi-
cient for screening [8]. In some CRC patients, combination
of LOH and MSI markers give better results than MSI alone
during the progression of the disease [9]. Since 90% of CRC
cases occur in people who are above median familial/genetic
risk, it makes sense to use genetics to prevent colorectal
cancer. Two rare inherited syndromes, familial adenomatous
polyposis (FAP) and hereditary non-polyposis colorectal can-
cer (HNPCC) have been identified. FAP appears to be mostly
due to mutations in the APC gene, and HNPCC occurs due to
mutations in mismatch repair (MMR) genes, so it would be
better named as hereditary mismatch repair deficiency syn-
drome (HMRDS). MSI has been reported in other tumor types
also and it is wise to utilize this marker as a complementary
marker along with information from other markers used for
diagnosis and prognosis.

2.5. Mitochondrial DNA

D loop or displacement loop of the mitochondria carries
mutations in a variety of cancers, such as breast, esophagus,
head and neck, lung, and colon [10-12]. However, it has not
yet been established whether mitochondrial DNA contribute
to the genomic instability of the nuclear DNA. Consider-
ing the small size of the mitochondrial genome (16.5 kb) and
the available high-throughput sequencing technologies, mito-
chondrial DNA provides a good source of mutation detection.
A mitochip containing key mutations of different tumor types
has recently been developed and most of the steps involved
in mutation detection have been automated.

2.6. Circulating DNA

Tumors release a substantial amount of genomic DNA into
the systemic circulation, probably through cellular necrosis
and apoptosis. The plasma DNA ranges from 10-30ng/ml
in healthy control subjects to 30—120 ng/ml in some cancer
patients. This DNA contains the genetic and epigenetic alter-
ations that are specific to the primary tumor. These alterations
include microsatellite alterations, mutations, and aberrant
patterns of methylation. Examples of such alterations have
been reported for cancer of lung, liver, prostate, head and
neck, gastric, and glioma [13—-17]. Since the circulating DNA
is derived from the tumor cells, it cannot be used as an early
cancer detection marker. However, this DNA is suitable for
disease diagnosis and treatment follow up. The challenge in

the field is to identify the anatomic-origin of the DNA which
warrants further investigation.

2.7. Examples

In the following section, we have described tumor spe-
cific genetic markers and their strength and weakness when
utilized for disease detection.

2.7.1. Brain cancer

In astrocytoma, chromosome 22 accumulates abnormal
changes including MSI, which can be detected by using
more than 20 markers indicating allelic imbalance. In one
study, tile path array covering 10 Mb of the chromosome
was analyzed for astrocytic tumors-diffuse astrocytomas
(A), anaplastic astrocytomas (AA), and glioblastomas (GB)
and results indicated that a combination of deletion, alter-
ation of copy number and reduplication occurred [18]. For
example, in glioblastoma, deletion of DEPDC5/KIAA0645,
YWHAH, C220RF24/HSN44A4A genes was observed. In
another report, meningioma showed abnormalities in chro-
mosome 22 [19]. Abnormalities included deletion and ampli-
fication of certain regions [18]. In oligodendroglial tumors,
deletions on the short arm of chromosome 1 (1p) and the long
arm of chromosome 19 (19q) have been used as diagnos-
tic markers. Based on above observations simple diagnostic
assays have been developed [20].

2.7.2. Colorectal cancer

Colorectal Cancer is the third most common malignancy
worldwide. In 2000, there were 945,000 new cases and
492,000 deaths caused by this cancer [21]. Identification of
genetic abnormalities led to the development of a stepwise
mutation accumulating model starting from adenoma and
ending in carcinoma. For screening of populations, mutations
in genes K-ras, p53, APC have been used. For these studies
the DNA was isolated from blood cells or stool. Mutations in
K-ras arelocated in codon 12 and 13 only. K-ras is involved in
signal transduction pathway and stimulate cell proliferation.
p53 is involved in DNA damage, DNA repair and cell death.
Mutations in p53 lead to genomic instability and malignant
progression. Mutations in APC are considered “gatekeeper”
mutations which initiate the carcinogenesis process [22,23].
Mutated APC cannot degrade and inactivate betacatenin in
the WNT signaling pathway. For early detection of CRC,
APC mutations are used [24]. In contrast to the K-ras where
mutations are localized, mutation in APC can occur at almost
any site in the first 1600 codons of the gene.

2.7.3. Esophageal cancer

A number of markers have been identified for adenocar-
cinoma of the esophageal cancer but very few have been
reported for squamous carcinoma. Barrett’s esophagus rep-
resents the precursor of the esophageal cancer [25]. There
is mounting evidence that there is an underlying genetic
susceptibility to Barrett’s esophagus and esophageal adeno-
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carcinoma [26]. However, this is likely to be the result of
multiple low penetrance susceptibility genes which have yet
to be identified. The presence of aneuploidy, loss of heterozy-
gosity of p53 and cyclin D1 overexpression are indicators of
the onset of esophageal carcinoma [25,27]. At present time
the mortality from esophageal carcinoma has exceeded 80%
in five years (http://www.cancer.gov). A radical approach is
necessary to prevent cancer development in high risk indi-
viduals with precancerous lesions.

2.7.4. Gastric cancer

Polymorphism in selected genes, LOH and PTEN muta-
tions have been detected in gastric cancer [7,28,29]. Heli-
cobacter pylori infection is a known risk factor of gastric
carcinogenesis [30]. H. pylori infection induces genomic
instability and inflammation in gastric cancer patients [31].
Serum levels of p53, c-met, and APC reflects progression
of the disease [32]. Since H. pylori is associated with gastric
cancer, it was an obvious thought to develop a vaccine against
this bacterium or use antibiotic to kill H. pylori. Due to the
reasons not understood to date, removal of H. pylori was
found to be associated with development of the esophageal
cancer. Certainly, future research in this direction will shed
light on this complex problem.

2.7.5. Kidney cancer

Not many markers have been studied in kidney cancer.
However, kallikrein 1 has shown promising results in kid-
ney cancer detection [33,34]. Kallikreins are present on the
walls of blood vessels of kidney and abnormal expression
of the gene results in cancer development. In few studies
microsatellite instability has also been reported [35]. Benign
mixed epithelial and stromal tumor of the kidney (MEST) is a
new and rare entity. These tumors are composed of two com-
ponents: a stromal and an epithelial one. Clinical outcome is
usually good; no specific cytogenetic alterations have been
described up till now.

2.7.6. Acute myeloid leukemia (AML) and childhood
acute lymphocytic leukemia (ALL)

Translocation markers on selected chromosomes have
been reported for ALL and AML [36]. The samples are
collected from neonatal blood spots. Suggestions have been
made that the childhood cancer starts before birth and exoge-
nous factors, such as environment, infectious agents, and
life-style of parents contribute to the development of cancer.
Polymorphism in NR3C1 has also been reported [37].

2.7.7. Liver cancer

Major etiologic factors associated with human hepatocel-
lular carcinomas (HCCs) include infection with hepatitis C
(HCV) and hepatitis B virus (HBV), excess alcohol intake and
aflatoxin B-1 exposure. In a recent study, chromosomal alter-
ation was observed in liver cancer, specifically deletion of 4q,
16q, 13q, and 8p positively correlated with hepatitis B virus
etiology whereas loss of 8p correlated with the cancer in hep-

atitis negative cases [38]. Nakajima et al. reported genomic
instability due to centrosome duplication, thus affecting the
cell cycle check point regulation, and mutation in p53 [39].
Due to centrosome aberration and a defective checkpoint sys-
tem, liver cells have the potential for genetic instability and
aggressive behavior. These effects were observed irrespective
of the tumor size or stage.

2.7.8. Lung cancer

Smoking is the causative factor in lung cancer. Lung
cancer is divided in two main histological groups, 80% of
them are non-small cell lung carcinomas (NSCLCs) and the
remaining are small cell lung carcinomas (SCLCs). A num-
ber of chromosomal deletions are reported in these two types
of cancers (NSCLCs: 3p, 6q, 8p, 9p, 9q, 13q, 17p, 18q, 19p,
21q, 22q; SCLCs: 3p, 4p, 4q, 59, 8p, 10q, 13q, 17p) [40,41].
Specifically, the frequency of LOH at 3p, 9p, 13q, and 17p
was related to proliferative activity in smokers with Stage I
NSCLC [42,43]. Mutation in several genes (such as EGFR,
K-ras, p53, erbB2) and polymorphism in CYPIAI, GSTM1
and GSTTI have also been reported [44,45]. Mitochondrial
genomic instability is also a diagnostic marker for lung can-
cer when this marker is used in combination with other lung
markers [46,47]. Information about the smoking history of
the participants in the study is also available.

2.7.9. Ovarian cancer

Epithelial ovarian cancer (EOC) is the leading cause of
death from gynecological malignancies in the United States.
BRCA mutations predispose a person’s risk to develop breast
and ovarian cancer. So far no reliable genetic marker has
been identified which can be used to detect this cancer in
early stages of cancer development. Microarray technologies
have indicated the role of the BRCA1, BRCA2, p53, Her2/neu,
PIK3CA, AKT2, K-ras, c-myc, pS3, pl6, and p27 in ovarian
cancer [48]. In small number of plasma DNA samples, muta-
tion of p53 has been reported [49]. Attempts are being made
to identify proteomic or glycomic markers of ovarian cancer
but success is awaited.

2.7.10. Pancreatic cancer

Pancreatic cancer is the fourth leading cause of cancer-
related deaths in the United States. The incidence rate and
mortality is almost the same for this cancer. The most fre-
quently used markers are K-ras mutation and telomerase
although these markers are not sufficient to detect the dis-
ease in early stages and more research is needed in this area
[50]. To identify high risk population, patient related infor-
mation is very useful. If a person has long-standing diabetic,
history of alcohol uptake, has K-ras mutation, and shows
hypermethylation of p16, chances are the person is at high
risk of developing pancreatic cancer.

2.7.11. Prostate cancer
Allelic imbalance, loss of 8p, mutations in androgen and
progesterone receptors, and loss of heterozygosity have been
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observed in prostate cancer [51-56]. Similar to other epithe-
lial cancers, telomerase activity is reduced in this cancer.
Current research focus in several labs is on the identification
of genetic polymorphism in genes involved in hormone-
regulated pathways in cancer [56,57]. Presently, men with
a family history of prostate cancer can be provided with lit-
tle advice in terms of preventive action. It is likely that one
or more genetic mutations associated with a high risk for
prostate cancer will be identified in the near future. The eti-
ology of prostate cancer remains obscure. Racial differences
in genetic polymorphisms that have a role in biosynthesis
and metabolism of androgen may partly account for racial
differences in prostate cancer risk. Phylogenetic models for
prostate cancer should be developed incorporating multiple
loci from individual genes. This will maximize the chance of
identifying individuals with high risk genotypes resulting in
better intervention strategies.

2.7.12. Thyroid cancer

CA125 marker, detected in cells isolated from circulat-
ing blood can distinguish malignant from benign follicular
thyroid tumors [58]. Another marker, HBME-1, which is nor-
mally utilized for the diagnosis of papillary carcinoma, can
also be used for follicular carcinoma diagnosis using fine-
needle aspiration biopsy samples [10].

In general, the advantage of using genetic markers, as
opposed to RNA or proteomic markers, is that the starting
material, DNA, is very stable and since most of the detec-
tion technologies are PCR based, only very small amount of
material is needed for the assay.

3. Epigenetic markers in cancer diagnosis and risk
assessment

Epigenetics of human cancer has become an area of emerg-
ing research due to growing understanding of specific epi-
genetic pathways, identification of epigenetic markers, and
rapid development of detection technologies. Since only 15%
cancers are familial, it is logical to understand epigentics
which covers the remaining cancers. Changes in the sta-
tus of DNA methylation and chromatin modifications are
among the most common molecular alterations in human neo-
plasia. The CpG islands of many genes, which are mostly
unmethylated in normal tissue, are methylated to varying
degrees in human cancers, thus representing tumor specific
alterations in age-matched population [59]. DNA methyla-
tion markers are used in cancer diagnostics for both disease
classification and disease detection. As a classification tool,
CpG island hypermethylation is generally analyzed on suffi-
cient quantities of primary tissues such as surgically resected
tumor sample. DNA methylation status of individual gene
can also be used for diagnosis and risk assessment [60-62].
Abnormal methylation can predispose cells into precancer-
ous stage through inactivation of tumor suppressor genes and
cell cycle regulatory genes by hypermethylation and reacti-

vation of oncogenes by hypomethylation within the promoter
region.

Some regions of a gene are referred to “core regions” for
methylation although methylation has been observed in “non-
core regions” also [63]. If methylation of non-core region
leads to core region, especially in tumor suppressor genes,
this could be used as a tumor marker for diagnosis and/or
risk assessment to identify high risk population. Some groups
are intensely investigating the role of methylation in non-
promoter regions. The advantage of utilizing methylation
markers in screening high risk population is that methyla-
tion changes can be detected in exfoliated cells from buccal
cells (oral cancer), urine (bladder cancer), pancreatic juice
(pancreatic cancer), sputum (lung cancer), and in free DNA
from the plasma to detect different cancers [13,64]. Screen-
ing stool for colorectal cancer DNA markers has a potential
to be used in clinic [5,6]

3.1. Examples

A brief description of epigenetic markers in different
tumor types is described below.

3.1.1. Bladder cancer

Death-associated protein-kinase (DAPK) is associated
with early recurrence of bladder cancer as detected by methy-
lation analysis [65]. Statistical analyses showed a significant
association between DAPK promoter methylation and higher
pathological stage, but not with tumor size or nuclear grade.
There is a need to identify more markers for this cancer type.
Comparing MSI results with methylation profiles of specific
genes in the samples collected from a nested case-control
study would be useful in establishing the importance of epi-
genetic markers in clinic.

3.1.2. Brain cancer

The most studied brain tumor epigenetic markers are
abnormal methylation of tumor suppressor genes CDKN2A,
CDKN2B and pl4ARF [66]. Imprinting of the human neu-
ronatin (NWNAT) gene, located on 20ql1.2-q12, a region
exhibiting loss of heterozygosity in acute myeloid leukemia
and myelodysplastic/myeloproliferative disease, has also
been used in diagnosis [67].

3.1.3. Breast cancer

When serum DNA of breast cancer patients was analyzed
for methylation analysis, hypermethylation of ESRI, APC,
HSDI7B4, HICI, and RASSFIA genes was observed [68].
Nevertheless, further studies, including larger sets of patients
and more diversified tumors, as well as benign lesions, are
needed to validate these results.

3.1.4. Cervical cancer
Hypermethylation of three genes, MYODI, CDHI, and
CDH13, was observed in sera of cervical cancer patients as
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determined by MethyLight technology of methylation analy-
sis [68]. These investigators used cervical cancer markers in
prognosis of the disease. Presence of human papilloma virus
(HPV) genome is a risk factor for cervical cancer. Methy-
lation of HPV16 and HPV18 specific genes has also been
reported [69-71]. Preliminary reports indicate hypermethy-
lation of SPARC, TFPI2, RRAD, SFRP1, MT1G, and NMES]
genes in samples isolated from cervical cancer patients.

3.1.5. Colorectal cancer

In CRC and gastric cancer methylation markers have
been detected during very early stages. Loss of imprinting
(LOI) has been observed in peripheral leukocytes and has
been used in predicting CRC [72]. The DNA repair gene
06-methylguanine-DNA methyltransferase (MGMT) is fre-
quently methylated in colorectal cancer [73]. Some colorec-
tal cancers arise from a ‘field defect’ defined by epigenetic
inactivation of MGMT. Detection of this abnormality was
reported to be a useful tool in risk assessment for colorec-
tal cancer [74]. Based on Restriction Landmark Genomic
Analysis (RLGS) analysis, tumor suppressor genes, SLC5A8
and SFRP1, were identified from small cell colorectal cancer
patient samples. These genes silence WNT signaling pathway
[75]. MLH]1 also gets hypermethylated in CRC [76].

3.1.6. Endometrial cancer

DNA isolated from vaginal secretion collected from tam-
pons for aberrant methylation of five genes (CDH13, HSPA2,
MLH]I, RASSFIA, and SOCS2) was examined using Methy-
Light in patients with endometrial cancer [77]. Involvement
of htMLHI, p16(INK4a) and PTEN in the malignant transfor-
mation of endometriosis have also been proposed in contribu-
tion of endometrial cancer [78]. Since collection of samples
was achieved by non-invasive techniques, these tests have
potential to be applied in clinic.

3.1.7. Liver cancer

Analysis of hepatocellular carcinoma by RLGS led to the
identification of COSC1, a tumor suppressor gene, associated
with JAK-STAT signaling pathway [79]. Methylation of p76,
RASSFla, CASPS, and CDH13 has been observed in liver
cancer [80]. Other potential markers of the liver cancer are
DCLI, MAGE-AI and MAGE-A3.

3.1.8. Lung cancer

Based on RLGS analysis, a tumor suppressor gene,
BMP3B, was identified from small cell lung cancer patient
samples. Other genes which frequently show hypermethy-
lation in lung cancer include p16, DAPK, FHIT, MGMT,
CDKNZ2A, and RARbeta [60,76]. There was a strong corre-
lation between the expression of FHIT at the transcript and
protein level.

3.1.9. Oral cancer
In a recent study, oral cancer was diagnosed using methy-
lation of anumber of genes including p16(INK4a), p14(ARF),

RBI, p21(Wafl), p27(Kipl), PTEN, p73, 0(6)-MGMT, and
GST-P [81]. Data on patient age, sex, tobacco use, alco-
hol consumption, lesion site, degree of tumor differentia-
tion, tumor size, presence of lymph node metastasis, and
clinical stage was also available for these patients. Overall,
gene methylation was detected in about 50% of samples and
was closely correlated with tobacco use and/or alcohol con-
sumption. Of the genes investigated, p/6(INK4a), pI14(ARF),
0(6)-MGMT, RB1, PTEN, and p27(Kipl) were found to be
methylated, but methylation of p21(Waf1), p73, and GST-P
was not detected. Methylation frequencies were much higher
for each gene when computed among informative cases only.
The most significant outcome of this investigation was the
concurrent promotor hypermethylation of pl/6(INK4a) and
pI14(ARF) which correlated significantly with tumor size,
lymph node metastasis, and stage III/IV advanced OSCC.

3.1.10. Prostate cancer

A number of genes get inactivated in prostate cancer due to
hypermethylation. These genes include 14-3-3 sigma factor,
laminin-5 and GSTPI [82,83] Since GSTPI gene does not
have mutations on specific sites and polymorphism in this
gene has not been reported in prostate cancer, gene inactiva-
tion of GSTP1 by hypermethylation seems to be the primary
mechanism which contributes to the development of prostate
cancer. Another potential marker is PDLIM4 which could be
used as a sensitive molecular tool in detection of prostate
tumorigenesis.

Additional Comments Some genes, such as BRCAI and
APC, have multiple promoters. Methylation of one promoter
does not seem to be sufficient to silence these genes in breast
cancer [63]. In thyroid cancer, thyroid-stimulating hormone
receptor (TSHR) expression is frequently silenced in epithe-
lial thyroid cancers associated with decreased or absent TSH-
promoted iodine uptake. This occurs due to hypermethylation
of the TSHR and the GA-binding protein, a transcription fac-
tor, binds the unmethylated TSHR promoter in FRTL-5 cells
(cell lines derived from thyroid) but does not bind to the
methylated promoter in FRT cells. Attempts are being made
to utilize level of methylation of different genes to correlate
with the stage of the disease.

Generally, tissues and serum are used as samples to iso-
late DNA and measure methylation levels of specific genes.
In recent years, a number of other novel sources of DNA have
been successfully tested, for example, nipple aspirate fluid,
breast fine-needle washings, pancreatic juice, bronchial brush
samples, buccal cells, needle biopsies, prostate fluid or ejac-
ulate, lymph nodes, bronchialveolar lavage, exfoliated cells
from bladder and cervix, urine or urine sediments, peritoneal
fluid, stool and vagina tampons. Some attempts also have
been made to isolate DNA from paraffin blocks with limited
success.

Since one gene can be regulated genetically as well as epi-
genetically simultaneously, it is important to understand the
contextin which a gene is used for diagnostic purposes and for
understanding the mechanism of carcinogenesis. DNA based
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biomarkers can be easily transferred from a research labora-
tory setting into routine diagnostics in a clinic due to the stable
and amplifiable nature of DNA. Furthermore, methylation
analysis is attractive since positive signals can be detected
that are independent of the expression levels of genes.

Diagnosic care must be taken into account regarding the
information associated with the sample, such as patient’s life-
style, exposure and genetic history, consumption of alcohol,
presence of diseases other than cancer.

4. Challenges and potential solutions

Challenges in the cancer diagnostic markers can be
divided into two broad categories: biological and technical.
Biological challenges relate to the nature of carcinogene-
sis and the sample which is used for DNA analysis (either
for genetic or epigenetic markers). Technological challenges
include the ability to collect quality material and analyze to
get high sensitivity and specificity of biomarkers. We have
explained both types of challenges by giving several exam-
ples in the following section.

Although it is evident that DNA circulates freely in the
blood stream of healthy controls or even cancer patients, the
source (origin) of this DNA remains enigmatic. It is possible
that lymphocytes and other nucleated cells are the source
of this circulating DNA in normal person but DNA may be
released from the tumor cells of a cancer patient. One such
example exists for lung cancer where the levels of plasma
DNA are 4-6 times higher in cancer patients than in normal
cells [84-86]. However, hard core evidence does not exist
showing that the source of DNA is lung in case of lung cancer
patient. Investigations on circulating DNA pave the way for
the development of a tumor specific biomarker that could
be critical as a serial biomarker and may also be important
diagnostically.

In methylation analysis by microarray approach, selection
of the primers should be done very carefully. A key in such
analysis is quantitation to best utilize these markers in clinic.
Furthermore, combining genetic, epigenetic, and proteomic
markers for diagnosis of specific tumor types is still a chal-
lenge. Care should be taken in such approaches to measure
sensitivity and specificity. Multiplexing needs improvement
too.

Prenatal diagnosis in selected cancers can be achieved
by direct DNA testing if the population at risk has a lim-
ited number of relatively common mutations, or if the gene
being tested is small. The use of polymorphic markers located
very close to a given gene location can identify patients and
carriers indirectly and may be used for early diagnosis in
pregnancy. The challenge is in efficient utilization of human
genome sequence information and high-throughput technolo-
gies.

Most of the samples for genotyping studies are in the form
of serum or plasma stored 20-30 years ago for epidemiologi-
cal studies. Although serum and plasma are not a good source

of DNA, compared to tissue or cells, whole genome ampli-
fication (WGA) can be achieved using the latest technology
in the genotyping field [87]. The amplified DNA is good for
mutation detection and SNP identification [88,89]. The only
problem with this method is that it is expensive due to high
price of the enzymes used for amplification [90].

When researching markers of cancer for clinical use, it is
important that biomedical pathways and their alterations are
measured in the same tumor populations.

5. Concluding remarks

Current genetic and epigenetic markers offer unprece-
dented sensitivity to detect cancer even during the pre-
invasive stage. The high sensitivity of these tests, however,
is associated with low specificity. Better selection of indi-
viduals at highest risk of cancer using biomarkers in easily
collectable samples, such as sputum, blood, or exhaled breath,
as well as a better understanding of genetic susceptibility, may
improve their positive predictive values, minimize unnec-
essary downstream investigations or treatment, as well as
reduce screening costs.
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