
1999; Vol. 32, P 3 Molecular pathology

The methods reported above are the most frequently used
techniques for DNA analysis when approaching clinical problems.
Other DNA methods have been developed which could be usefully
applied in diagnostic molecular pathology. So many technical
advances have been made in the last decade that now the ques-
tion lies not so much in deciding how to apply a method to solve a
problem, but more in deciding which is the right question to answer.
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RNA analysis:
Biological and morphological methods

G. Stanta

Institute ofPathology University of Trieste and International Center
for Genetic Engineering and Biotechnology Trieste, Italy.

In the last 10 years, most of the work in molecular pathology has
been performed at the DNA level. The next challenging step is to
understand how gene products govern pathological cellular path-
ways. For this reason, we recently developed new qualitative and
quantitative RNAmethodologies to study pathological alterations at
the messenger RNA(mRNA) level.

The handling of RNA presents many more problems than does
that of DNA. This is because ribonuclease (RNase) enzymes, which
rapidly degrade RNA, are ubiquitous. Moreover, temperature and
alkaline environment can rapidly destroy it. Consequently, RNA
methods require more precautions than do DNA methods. This is
one of the reasons why molecular pathology laboratories are less
familiar with this kind of method. Gloves, RNase-free reagents and
ware, specifically treated water, low temperature and accurate han-
dling of samples and reagents are prerequisites.

The first problem with RNA is an accurate method of extraction;
the RNA must be protected against RNase throughout the entire
procedure. Even in these conditions, it can easily be degraded.
Even more precautions are needed to extract total RNA from fixed
and paraffin-embedded tissues. In this case the RNA is already
partially degraded and only fragments of 200 bases or less are pre-
sent (1). The use of paraffin-embedded tissues is advantageous
since the huge pathological archives of pathology departments
could be utilized. In this kind of material the specific lesions can be
microdissected after histopathological examination. For this rea-
son, we developed a reliable method of RNAextraction from paraf-
fin-embedded tissues (2). Good commercial extraction kits, specif-
ically for paraffin tissues, are also available (3).

The qualitative classical methods for RNAanalysis, such as in
situ hybridization or Northern blot, are not highly sensitive; high
expression at cellular level for in situ hybridization and a large
amount of extracted RNA for Northern blot are needed. This prob-
lem could be overcome with more sophisticated techniques such
as the RNase protection assay (RPA) or reverse transcription-poly-
merase chain reaction (RT-PCR) and more recently by in situ PCR.
This last method is still not completely reproducible for RNA but the
possibility of combining high sensibility and morphology is so excit-
ing that many laboratories are keen to use it. RPA is a reliable and
sensitive method but is more complicated and time-consuming
than RT-PCR and is less sensitive.

Nowadays, the most important challenge is the development of
a quantitative analysis of gene expression. In this way, the dynam-
ics of cellular alterations at the molecular level can be deciphered.
The role of quantitative changes in gene expression in cancer and
other diseases can give more information on the pathogenesis and
evolution of diseases. Many methods have been proposed for the
quantitative analysis of RNA from cells or fresh tissues, such us
competitive POR analysis. We developed quantitative methods for
RNA analysis in paraffin-embedded tissues, using RT-PCR in spe-
cific conditions (4, 5). The most relevant point is linearity between
the log of target RNAconcentration and the log of the amplification
products; only in this case is a quantitative analysis possible. For
this reason, specific conditions of target concentration and number
of amplification cycles must be found (4).

To quantify the results, we used gamma-counter or phosphor
imaging analysis (4) and capillary electrophoresis quantification
(5). More recently, we have become interested in real-time PCR,
where the quantitative analysis conditions are defined directly dur-
ing the amplification procedure.
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