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Summary. We describe an image analysis (IA) system 
that has been applied for the quantitative evaluation of 
mRNAs evidenced by in situ hybridization (ISH) with 
radiolabelled probes in cultured cells and in tissue 
sections. The  ISH-IA method was used for the 
evaluation of cultured cell morphological parameters 
such as cell and nucleous area (CA and NA, 
respectively) in parallel with the levels of mRNAs 
detected as  hybridization grains areas (GA). The 
evaluation of these parameters, together with the 
analysis of the levels of mRNAs (c-jun, cyclin A) 
specific for given cell cycle phases (i.e. G1 and S/G2), 
allowed the identification, in asynchronous cultures of 
human skin fibroblasts, of cells in G1 and SlG2 phases. 
The mRNA levels measured by ISH-AI were 
comparable with those detected by RT-PCR. This 
method was also applied for the analysis of fibronectin 
(FN) gene expression in control skin fibroblasts in 
relationship with the different phases of the cell cycle 
and in comparison with a tumor cell line (Sk-Hepl), 
heterogeneous either for morphometric parameters or for 
the levels of this transcript. Finally, the ISH-AI was 
applied for the semiquantitative evaluation of the 
expression, localization and alternative splicing pattern 
of FN mRNA in normal liver and in hepatocellular 
carcinoma (HCC) tissue sections. 
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Introduction 

The study of gene expression on mRNAs purified 
from tissues and in v i tro  cultured cel ls  by filter 
hybridization with specific probes (i.e. Northern blotting 
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and dot-blot) or by RT-PCR, allows the evaluation of 
mRNA levels representing the average value of 
molecules in the cell population under study. mRNA 
levels are often nonuniform and can vary as a function of 
differentiation stage, cell cycle, selection, etc. 

The in situ hybridization (ISH) (Buongiorno- 
Nardelli and Arnaldi, 1969; Gall and Pardue, 1969; John 
et al., 1969) overcomes these problems since it enables 
the identification and the visualization of mRNAs on 
target tissues and in vitro cultured cells, so  that the 
nucleic acid can be localized in association with given 
cell types expressing specific mRNAs. 

Until now, ISH has been mainly used as a qualitative 
tool for the detection of infectious agent genome or for 
the study of gene expression (Brahic and Haase, 1978; 
Haase et al., 1984; Lawrence and Singer, 1986; 
Sandberg and Vuorio, 1987; Basset et al., 1990; Pyke et 
al., 1991; McNicol and Farquharson, 1997), using either 
radiolabelled or  non-isotopic reporter molecules. 
Quantification of autoradiograms by computer-assisted 
image analysis (IA), measuring diffuse integrated optical 
density, has been developed by Davenport and Nunez 
(1990) and by Moro et al. (1990). 

We have applied ISH with radiolabelled probes in 
combination with a computer-assisted image analysis 
(IA) system giving, in an interactive mode, the measure 
of the autoradiographic grain areas and the measure of 
morphometric parameters in cultured cells and in tissue 
sections (Moro et al., 1990, 1992; Colombi et al., 1993). 
In particular, we have applied ISH-IA for the study of 
the expression of fibronectin (FN) mRNA in: 1) tumor 
cell lines expressing homogenous or heterogenous levels 
of this transcript (Moro et al., 1990); 2) skin fibroblasts 
derived from Ehlers-Danlos syndrome (EDS) (Pope and 
Burrows, 1997) patients showing an altered FN mRNA 
splicing at the EDA region (Colombi et al., 1991); and 
3) human laryngeal and ectocervical carcinomas in 
relationship with tumor grading (Moro et al., 1992; 
Barlati et al., 1994, 1995). Finally, ISH-IA was applied 
for the study of the modulation of the levels of FN, 
collagen type I (proal) and their integrin receptor (i.e. 




















