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Molecular biology as applied to the prevention of chronic-degenerative
diseases. From preventive to predictive medicine
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Dear Sir,

Chronic-degenerative diseases (CDD), including atherosclerosis, cancer and chronic-obstructive pulmonary
diseases,are the main causes of death in developed countries, accounting for approximately 90% of mortality.
These pathologies arise from a complex network of risk-factors both exogenous and endogenous in origin.
The role of preventive medicine in counteracting this major public-health problem is pivotal, especially since
treatment of these diseases is difficult.The goal of preventive medicine is to shed light on the network of CDD-
related risk factors in healthy subjects, thus allowing for primary preventive interventions aimed at removing
harmful exposures, increasing host-defence mechanisms and activating targeted early-screening programs in
susceptible individuals.CDD risk-factors are identified by anamnestic evaluation and questionnaires as well as
chemical-laboratory analyses and the clinical examination of patients. For example, the risk assessment for
atherosclerosis is performed by analysing diet and smoke-exposure habits, measuring blood pressure, lipid
profile, etc., however, a similar approach may only in part be pursued for cancer because the majority of the
related pathogenic phenomena occurs at molecular level.

Molecular biology has been developing a variety of tools useful to identify at molecular level the risk for
developing CDD in relation to the occurrence of exogenous and endogenous risk factors. In the case of
exposure to environmental genotoxic factors, it is possible to verify whether or not this situation triggered
the host’s defence mechanisms, thus affecting the biological target represented by DNA. The binding
between genotoxic metabolites and DNA (DNA-adducts) can be analysed in vivo by non-invasive and
sensitive procedures, such as 

32
P-postlabelling,[1] thus quantifying the molecular effective dose of

environmental risk factors.[2] 
As far as endogenous risk factors are concerned, molecular biology employs an array of PCR-methods for

analysing genetic susceptibility, thus disclosing the possibility of identifying in healthy subjects the genetic
assets which increase the risk of developing CDD.[3] Interestingly in primary prevention, these methods
are non-invasive because any cell of the organism can be used to perform the analyses. Examples of
molecular risk-analysis for CDD are already available for cancer, atherosclerosis and glaucoma, the main
cause of irreversible blindness in the world.

It has been demonstrated that cancer risk is increased where are a high levels of bulky DNA adducts,[4]
cytogenetic alterations,[5] adverse polymorphisms of genes involved in activation and detoxification of
carcinogenes [6] and mutations of proto-oncogenes.[3] 

DNA-adduct formation is known to be a common event in atherosclerosis.[7] The occurrence of
endogenous risk-factors for atherosclerosis can be examined by testing the genetic asset of genes involved
in thrombosis,[8] antioxiant activites [9] and endogenous production of atherogenic metabolites.[10] 

The risk for glaucoma can be evaluated by exploring the genetic asset of genes encoding proteins [11]
and antioxidant activities [12] maintaining the integrity of the trabecular meshwork, the structure
regulating the outflow of the aqueous humour from the anterior chamber of the eye.

Recently, the decoding of the human genome disclosed the possibility of analysing the expression of
thousands of genes in a single test using microarray technology.[13] It is therefore possible nowadays to
move from single to multi-gene analysis of CDD risk-factors, thus considerably increasing the chance of
having predictive results.This goal has already been achieved in animal experimental models. Microarray
analysis successfully identified the gene-expression profile conferring the high risk of developing skin
cancer in healthy rats after 28 days of exposure to a sunlight-mimicking source,[14] after which the
predicted cancer occurred almost 1 year later.[15] The same method predicted, after 28 days, the selective
occurrence of lung cancer in healthy smoke-exposed mice.The cancer occurred only in the strain bearing
a mutation of the p53 gene while not appearing in their wild-type litter-mates,[16] the related cancers
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developed 9 months after exposure.[17] The main problem in transferring these methods to humans is that
in preventative medicine materials need to by collected by non-invasive procedures. Great technological
effort is ongoing to satisfy this prerequisite, the main target is to improve the sensitivity of these methods
by using mRNA reverse-transcription to complementary-DNA and its amplification by PCR.[18] In such a
way it is possible to use negligible amounts of tissue thus allowing for the possibility of applying non-
invasive sampling procedures, such as mucosal scraping.

Therefore, it can be concluded that preventive medicine already has available an array of molecular
methods to analyse the risk of developing CDD in individuals who are still healthy. It is likely that new
effectual tools will become available in the next year. Hygienists should be involved both in the
development and the application of these powerful methodologies to guarantee their availability to the
preventive medicine of CDD.
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