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Editorials

Can Clinicians Afford to Ignore
Molecular Medicine?

It is easy to lose the discrimination between 'subject matter' and 'skill'. We find
surgeons not looking beyond honing their surgical skills; physicians thinking that
medicine is all about giving a diagnostic label and prescribing well laid out treatment
from standard textbooks; and pathologists whose world begins and ends with perfect
recording and recall of morphological descriptions and pictures. Over the last
decade, one has begun to realize that understanding disease and medicine is
incomplete without the knowledge of molecular medicine. Most would now agree
that 'medical practice' or 'study of disease' cannot be reduced to 'picture matching'
(as in pathology) or being technically sound (as in surgery).

Our approach to the understanding of human disease has come a long way. Man's
initial approach was to understand deviation from the 'physiology' of the human
being as a whole and the approach was predominantly physical or clinical. Later
came the era of autopsies and looking at internal organs. The next leap in our
understanding of disease was provided by histopathology. This was furthered by the
introduction of the electron microscope. However, the last two decades have seen the
emergence of molecular medicine as the principal guiding force for most activities
in the fields of diagnostics, therapeutics and research. This has abolished all barriers
between chemistry, biology and medicine.

We have only to appreciate the role of molecular medicine in oncology to get a feel
of the overall impact of this new discipline. For many years, genes associated with
cancers have been principally subdivided into oncogenes and tumour suppressor
genes. Genes involved in cancers are the altered forms of those that are crucial for
normal cell physiology. Thus, they are best classified on the basis of their physiological
processes. Today, we have precise techniques to identify rearrangements, deletions,
duplications, translocations and mutations in these genes.P

In oncology, the role of molecular medicine is currently being defined in
diagnosis, classification, staging, prognostication, and evaluation of response and
relapse. Its utility is most in the classification of tumours, especially lymphomas,
leukaemias, paediatric small round cell tumours and soft tissue tumours. Most of
these cancers are associated with specific chromosomal translocations that result
in aberrant gene expression or in chimeric genes and proteins. It should be
emphasized that the presence of these genetic lesions, while being useful for
classification, are not markers for the diagnosis of malignancies. For example,
there could be a small proportion of circulating cells with t(14; 18) (associated with
follicular lymphoma) or t(9;22) (associated with chronic myeloid leukaemia) in
healthy individuals.v' However, in established neoplasms, specific genetic lesions
are extremely good tools for classifying cancers from the point of clinical behaviour
and treatment.

A debatable area is the use of clonality as a criterion to define neoplasia. Many
clonal lymphoid proliferations do not behave as clinical malignancies. Similar
problems exist in defining early cancers. For such purposes, one would have to first
define the number of genetic abnormalities that are necessary to define clinical
cancers. Current thinking suggests that to become a 'cancer' cell, a normal cell needs
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to accumulate at least five or six mutations, and that the dividing line between
hyperplasia and neoplasia may not be as clear as has been traditionally accepted. 1.2.5.6

Application of molecular techniques to conventional paraffin sections through in
situ hybridization and in situ polymerase chain reaction (PCR) has helped in under-
standing the molecular basis of disease processes without losing the morphological
context. Ability to perform PCR, reverse transcriptase-PCR (RT-PCR), mutational
analysis and other molecular techniques on DNA and RNA extracted from paraffin
sections has also come as a great boon to molecular medicine. Thanks to such
approaches, retrospective studies can be conducted on cases where long term follow up
is available and on data accrued on well controlled clinical trials of patients.

In the field of diagnostics, continued progress in molecular medicine has made the
application easier. For example, translocations involving the ALK gene (in the
diagnosis of anaplastic large cell lymphoma) used to be initially investigated through
Southern blotting, later with RT-PCR and now through immunohistochemistry.'
Hence, the progress has, in a relatively short span of time, translated into simple
diagnostic tests that can be employed by surgical pathologists. Cytogenetic analysis
of tumours has also received a big boost from the progress made by molecular
medicine. Fluorescent in situ hybridization, comparative genomic hybridization and
spectral karyotyping have been good adjuncts to conventional cytogenetics and have
made the analyses more objective.

With the identification of molecular signatures of different cancers, precise staging
is being attempted by using molecular techniques, especially on peripheral blood and
bone marrow. It remains to be seen whether such information proves to be more relevant
than that obtained by conventional staging procedures. Molecular methods are being
adopted for screening patients for several common cancers-screening cervical
samples for human papilloma virus 16 and 18 to identify cervical intraepithelial
neoplasia; screening stool samples for mutations in p53, APC, and K-ras to identify
colorectal cancers; screening saliva, urine and sputum for oral, bladder and lung
cancer, respectively. Mutation analysis can be used both in diagnosis and in assessing
biological progression of a tumour. The analyses can investigate for known (specific)
and unknown mutations in specific genes, and several techniques are now available for
such analyses. Screening patients for mutations in genes that are associated with
familial cancers poses difficult problems. Currently, we do not have a clear policy
regarding intervention in high-risk women with germline mutations in BRCA-l or
BRCA-2.8 Answers are clearer in patients with APC mutations.

A word of caution. Despite the progress made in molecular diagnostics, the
information obtained cannot substitute or overrule, in many situations, the knowledge
or the opinion provided by an expert morphological assessment. Further, this addi-
tional information is obtained at an enormous cost. Hence, one needs a lot of maturity
in putting these molecular diagnostic tools to optimal and meaningful use. The
decision to use molecular techniques should not be influenced by commercial interests
or from inability to make a precise diagnosis through less expensive techniques.

The activity burst in this field can be easily evidenced by the achievements of the
Human Genome Project (HGP).9.10As a result ofHGP, genes responsible for most of the
monogenic genetic diseases (such as cystic fibrosis), their nucleotide sequence and
mutational pattern have been identified. In contrast to the achievements made in
monogenic disorders, multifactorial diseases with involvement of multiple genes and
those that occur as a consequence of interaction with environmental factors are more
difficult to understand. Progress is being made in understanding the link between basic
molecular defects and functional disturbances in cells and organs-'genotype-
phenotype correlation'. Since most molecular events occur as cascades and, as many
links exist between different cascades, predicting the role of individual events can be
a far more difficult task than analysing a game of chess played between two champions.

Growth of molecular medicine has been made possible because of the accompany-
ing technological revolution. Microarray technology to detect expression patterns
and identify specific mutations has been the latest addition. I I Through expression
arrays, expression patterns of thousands of genes can be simultaneously analysed.
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One obvious limitation will be the presence of cellular heterogeneity within tumour
samples. Not only do tumours harbour several types of non-malignant cells within
them, tumour cells themselves, because of clonal evolution, are heterogeneous. And
it is this heterogeneity and the presence of even minor subclones, that will dictate the
tumour's behaviour.

Compared to the information explosion in molecular medicine, its direct thera-
peutic impact has been rather small. A few of the more successful spin-off's include
the use of herceptin in breast cancers that overexpress Her-2/neu and the use of anti-
CD20 in B-cell non-Hodgkin's lymphoma. There are several ongoing trials in the
fields of immunotherapy, anti-sense therapy and gene therapy using methods of gene
transfer. Despite these, molecular medicine has not made a major dent in improving
outcome from conventional methods of treatment. Progress in the field of molecular
pharmacology and its application in formulating chemotherapy protocols with an
intent to target the effects of the most relevant genetic aberrations may give a big boost
to molecular medicine. However, at this point in time, it would be wrong to assess
the relevance of molecular medicine in terms of the quantum gain in reducing
disease-related mortality and morbidity. Achieving the above goals has to be
preceded by a leap in our understanding of disease. Molecular medicine is currently
doing exactly this.
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