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Basics of Diagnostic DNA Microarray Technology.
Case Study: Hepatocellular Carcinoma
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Abstract. The DNA microarray technique is capable of
identifying the expression of thousands of genes simultaneously.
This technology has become instrumental in cancer research
for diagnosis and biomarker discovery purposes. This minireview will introduce DNA microarrays at the basic technical
level and will focus on high risk Hepatocellular Carcinoma
(HCC) patients, namely hepatitis B and C infected individuals.
Of the 30,000-40,000 protein coding genes identified in the
human genome project (1, 2), only a small number are
"turned on" in a specific cell type. Changes at the genome
level are the underlying cause of cancer development with
some genes being "turned on" and others being "turned off";
in addition to multiple mutational alterations, such as those
associated with the tumor suppressor gene p53 (3).
Monitoring these multiple genetic changes will assist in
identifying many genes which are involved in the process
that transforms normal into cancer cells and can identify
potential diagnostic and prognostic cancer indicators.
In addition, genomic profiling is well-suited to the
development of effective therapeutic strategies so that
genes can be identified based on drug responsiveness
and/or side effects (4). DNA microarrays can scan
thousands of genes at the same time and identify specific
"cancer" genes. It could be well argued that DNA
microarrays are a complicated form of Northern Blotting.
This is applicable at the tissue level rather than with serum;
however, markers, once identified, can be specifically
targeted within the blood as cancer lesions secrete many
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compounds into the circulatory system. This fact is
particularly true in the case of liver diseases.
Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer-related death worldwide (5) and late
diagnosis is the main contributor to the high fatality rate
associated with this disease. Currently, ·-fetoprotein (AFP)
is the only biomarker used to diagnose HCC. AFP is not
always elevated in early stages of HCC (6) and can be
highly elevated in non-cancerous cirrhotic liver diseases
such as hepatitis B- and C-infected individuals (7). The
following sections will discuss diagnostic DNA arrays with
relevance to HCC research with respect to at-risk patients
infected with hepatitis B (HBV) and/or C (HCV) viruses.
Traditional methods, such as Northern and Southern
Blotting can monitor one gene at a time; DNA
microarrays, however, can scan thousands of genes
simultaneously and require a small quantity of sample.
Similar to the Northern Blot technique, DNA microarrays
rely on the specific base-pairing association of a DNA or
RNA segment to its complementary version (i.e.,
hybridization). The subject DNA or RNA is labeled
(usually with a proper fluorescent dye) such that it can be
detected once it is hybridized on the target surface which
immobilizes known DNA segments (the target surface can
be a glass or nylon membrane). These known DNA
segments, on the support surface, are defined as probes.
Thousands of different probes can be arrayed on the same
surface and hence the name: DNA microarrays. These
probes are usually either spotted cDNA (usually 300 bases
in length) or in situ synthetic (or spotted) oligonucleotide
segments (short 20-30 mer, or long 60-80 mer) (8, 9).
Depending on the nature of the surface and the probes,
each microarray can perform differently (10). In fact,
different microarrays can complement each other and can
be used in tandem to optimize the outcomes (11). It
should be mentioned that some investigators use the term
"probes" for the labeled nucleic acid materials within the
sample rather than to the ones arrayed on the surface.
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Experimental and Analytical Procedures of
Diagnostic DNA Microarrays
DNA microarrays were first introduced in 1995 (12) and
since then thousands of studies utilizing this technique have
been published. Cancer is by far the most investigated
disease using DNA microarrays. A keyword search using
"cancer" and "DNA microarray" on the PubMed database
will result in over 1,100 hits in 2005 alone. By monitoring
the expression of 6,000 genes among liver tissues of HCVinfected HCC patients, a significant genetic difference was
observed among patients bearing the mutant p53 gene
(missense mutations in exons 5-9) compared to those
bearing the wild type version of this gene (13). This kind of
study is categorized under the supervised analysis of the
DNA microarray data; that is to say, to identify groups of
genes that are associated with a specific condition (in the
above example, it is the mutation in the p53 gene). In
supervised analysis of microarray data, the investigator is
aware of the function of the evaluated genes and the
analysis is commonly used to identify groups of genes that
are related to pathological, biological or biophysical
conditions. Based on gene expression profiles, prediction
methods can be built and evaluated.
On the other hand, in unsupervised analysis, gene
expression profiles are generated, without any preassumption or pre-knowledge of genes’ functions. It relies
only on gene expression profiles to classify (or group)
cancer lesions. In a study that utilized unsupervised analysis,
specific genes that are expressed in normal tissues including
the liver were identified and their patterns within the
cancerous lesions (based on published work) were evaluated
(14). It was suggested that a set of liver-specific genes were
well-suited for the classification of the degree of tumor
differentiation (poor, moderate and well) (14).
The experimental steps leading to either supervised or
unsupervised analysis are similar and are presented in Figure
1. In summary, total RNA is extracted from the cells (cancer
vs. normal). cDNA based on the poly A nature of mRNA is
synthesized by reverse transcription. Amplification of either
cDNA (usually for cDNA microarray) or cRNA (for
oligomicroarrays) is performed. During amplification, nucleic
acids are labeled with two different fluorescent dyes, such as
cyanine 3 (Cy3) for cancer cells and cyanine 5 (Cy5) for
normal cells. Labeled cDNA or cRNA is applied
simultaneously on the DNA microarray plate. Nucleic acids in
the sample will anneal to their complementary DNA strands
attached to the array slide. The color and intensity of the
signal are correlated with the original concentration of mRNA
in the cell. Genes which are over-expressed in the cancer
lesion will be colored green (Cy3 is dominant), while the
under-expressed ones are colored red (Cy5 is dominant). The
yellow color will mean no change and no color means that the
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gene is absent in both cell groups. The final stage includes
clustering (grouping) of similarly expressed genes so that
genes which are "turned on/turned off" can be identified. A
computer-based color scale can be established to determine
the degree of repression or induction. Clustered genes can be
visualized via color-coded matrices as shown in Figure 2.
Computational hierarchical clustering is widely used
when dealing with microarray data (15) and it is common to
perform two-way hierarchical clustering, for both the genes
and the tested subjects (see Figure 2). In simple terms, the
two genes which are very similar are paired together and the
computer algorithm will merge those two genes such that
they are considered one (pseudo gene) and then the genes
which are next, in terms of similarity, are also joined
together (15). This process is repeated until a giant cluster is
formed. Figure 3 represents a theoretical cluster of 7 genes
(designated alphabetically: A, B, C….etc). A correlation
scale can be established with 1, for example, being highly
correlated and –1 being not correlated (one increases while
the other decreases). It is common to perform two-way
clustering, as both the genes and the tested subjected are
clustered (see Figure 2).

Liver Cancer and Diagnostic DNA Microarrays
There have been many published work that utilize gene
expression profiles and clustering to pin down specific genes,
either as down-regulated or up-regulated, within the liver of
HCC patients. Using a 12,800 gene microarray showed that
1.6% of those genes are up-regulated within HCC patients
while 12.7% showed down-regulation (16). Growth rate,
vascular invasion and p53 expression levels can actually alter
the gene expression pattern of HCC (17). A more recent
investigation identified 703 genes, differentially expressed in
HCC tissues compared to normal tissues (18). Among those
703 genes, there were 9 genes which encode for secretory
proteins including the most common biomarker of HCC,
AFP protein (18) Identification of secreted proteins has
special significance since those candidates can be evaluated
as biomarkers within the circulation. PGCP, a glutamate
carboxypeptidase, and two secreted phospholipases A2
(PLA2G13 and PLA2G7) were considered as attractive
secreted proteins, unique for HCV-infected HCC patients
(19). Similarly, HSP70, a heat shock protein, was proposed as
a molecular marker for early detection within HCC patients
that bear either HCV or HBV (20).
Hepatocarcinogensis caused by HBV have different
genetic pathways than that associated with HCV. It was
shown, for example, in a comparative study, that HBV
associated HCC resulted in the elevation of the gene
expression of genes relating to metastasis, transcription and
signal transduction (21). Similar set of genes were identified
in a hepatocyte cell line (X18) which is conditioned to
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overexpress the HBV-carcinogenic x protein (22). On the
other hand, the genetic signature of HCV-linked HCC
showed up-regulation of the genes responsible for
detoxification and immune response (21). This discrepancy
in the genetic profiles of HCV- and HBV-infected HCC
patients can be attributed to the virological differences
between these two infectious viruses. HBV is a DNA virus
whose genetic material reaches the host cell nucleus. It
usually functions without integrating into the host genome.
In addition, HBV is known to encode for a protein known
as the x protein (HBx protein) which is proposed to play a
crucial role in HBV-mediated carcinogenesis. HCV,
however, is an RNA virus that remains in the cytoplasm
during its life cycle and is believed to contribute to HCC
development mainly through chronic inflammation.

Challenges of DNA Microarray Analysis
One of the challenges that researchers face when analyzing
DNA data is the complex nature of the genes identified which
requires deep knowledge, not restricted to a handful gene
groups or specific pathways. Smith et al., for example, proposed
fifty potential marker genes, specific for HCV-infected liver
cancer patients (19). Unfortunately, this study which used
unsupervised analysis did not identify genes that could
distinguish early HCC against advanced HCC. Genes were,
however, further clustered based on their roles, such as cellproliferation and cell cycle control, revealing more details of the
molecular mechanism of hepatocarcinogenesis. Oxidative
stress-related genes were linked to HCC development and as a
novel finding, the study showed that a serine/threonine kinase
(STK15) encoding gene was up-regulated in HCV-infected
HCC pateints (19). STK15 is a centrosome-coupled kinase,
associated with segregation abnormalities and aneuploidy in
many cancerous lesions. Another interesting study indicated
that the degree of similarities of gene expression patterns of
HCV-HCC and HCV late cirrhosis were stronger than HCVHCC and healthy individuals (23). This finding supports the
theory that HCV contributes to HCC development mainly
through its inflammatory-causing effect, namely liver cirrhosis.
Moreover, DNA arrays will probably identify genes which
have unknown roles. Okabe et al. identified 165 genes as upregulated within HCC patients and 170 as down-regulated;
69 genes from the former and 75 from the latter had
unknown functions (24). DNA arrays can also be used to
study the metastatic nature of a specific cancer type.
Hepatitis-B positive HCC patients were categorized based on
the metastatic nature of their cancer lesion. It was suggested
that HCC with metastatic potential is evolutionary different
than non-metastatic liver cancer (25). An 153 gene model was
developed and successfully predicted 85% of the tested
metastatic HCC patients (25). Such a model can serve as
predictive tool for further therapies.

General Concerns
DNA microarrays can monitor large number of genes and due
to the complexity of such work, reproducibility seems to be the
main concern within genomic research that focuses on
diagnosis. Intra-individual changes can also affect the outcomes
such as age, gender, smoking, nutrition states. Reproducibility
concerns are common within different DNA platforms (10).
The differences will probably increase when using home-made
gene arrays, where quality control is a major concern. Applying
rigid experimental design, however, showed similarities up to
90% within various DNA microarray platforms (26). More
encouraging, microarrays are currently used in routine clinical
prognostic screening in The Netherlands for breast cancer (27).
Cross-reactivity can also be encountered within DNA arrays,
and is termed "cross-talk". To increase validity of the DNA
arrays experiments, analyses should be conducted by different
investigators such that the samples are blinded during analysis.
It is strongly recommended that after any DNA array
conclusion, confirmation studies conducted with different
samples in different laboratories should be performed. This is
the only way to strongly validate any conclusion drawn from
DNA array experiments.

Conclusion
Despite the number of studies dealing with the molecular
profiling of HCC with respect to HBV or HCV infections,
scientific efforts should continue on the genetic front to
enrich our understanding of the role of hepatitis in HCC
development and to identify new biomarkers. To our
knowledge, for example, there has been no large scale
attempt to investigate co-infected HBV and HCV patients
who develop primary liver cancer. Co-infection with those
two pathogenic viruses can significantly increase the risk for
HCC development due to the synergistic effects of the two
infections (28, 29) and will most probably result in some
changes at the molecular level. Such an investigation will
increase the knowledge surrounding liver cancer and its
relation to hepatitis infections.
In summary, high-throughput genomic techniques have
revolutionized cancer research and moved it to a stage
where many genes can be studied simultaneously. Valuable
information regarding cancer development, therapy and
diagnosis can now be obtained. For example, Welsh et al.
(30) studied the genome profiles of cancer lesions with
various anatomic sources including HCC and focused their
study on genes which encode secreted proteins. The study
suggested that MIC-1 gene, which plays a role in apoptosis
and growth inhibition, is elevated within metastatic prostate,
colorectal and breast cancer tissues (31). ELISA has also
shown that this secreted protein is elevated in the serum
suggesting its potential as a biomarker for these three
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Figure 1. Schematic representation of the experimental steps leading to expression DNA microarray analysis.
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Figure 2. Representation of computer-based color scale, reprinted with authorization from reference 19. The figure shows two-way hierarchical clustering
results for 50 genes which were identified as potential HCC markers. Intensity of the green color indicates the degree or repression while the red color
intensity is related to the degree of over-expression.

different cancer lesions (30). For optimum outcomes,
genomic approaches should work hand-in-hand with other
methodologies such as proteomic approaches (32). The aim
is to identify new molecular targets that may serve as
biomarker indicators for early detection of cancer.
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