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Fig. 3. Expression of clone 52B1 in biopsies and tissue culture. The normalized
hybridization value for clone 52B1 was determined as outlined in Figs. 1 and 2.
Top, hybridization of 52B1 in biopsies taken of normal mucosa (A), adenomas
(A), and colon carcinomas (C). Column, mean hybridization for each tissue group;
@, data points for each biopsy. Bottom, normalized hybridization for clone 52B1
determined in untreated HT-29 and SW-480 colon carcinoma cells and in cells
treated with 5 mm sodium butyrate for 24, 48, or 96 h. The 24-h time points
were done in duplicate for each cell line. Data are plotted as percentage of the
untreated control cells.
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chosen which showed complementary alterations in expression in vivo and in
vitro, as illustrated in Fig. 3. The percentage of change in expression of each of
these clones between untreated HT-29 cells and those treated with sodium
butyrate for 96 h (abscissa) was then plotted against the percentage of change
between the mean normalized hybridization value for the clone in normal mucosa
as compared to the mean normalized hybridization value for the adenomas (top)
or the carcinomas (bottom). r, correlation coefficient.

normal mucosa and adenoma. The correlation coefficient was
0.86 when the same in vitro data were compared to the change
in expression between normal mucosa and carcinoma. Both of
these figures are significant at P < 0.01. It is important to note
that the clones were selected from the data bases because they
showed complementary changes in vitro and in vivo, without
regard to the quantitative extent of change. This emphasizes
the significance of the high degree of correlation between the
extent of change for each of these sequences in vivo and in vitro.
Regulation of the relative levels of expression of these 8 se-
quences may therefore be part of a genetic program which
generates at least one lineage of normal colonic cell differentia-

tion, this regulation being altered in at least one pathway by
which colonic epithelial cells progress towards increasing de-
grees of transformation.

The final analysis of the data is a comparison of the expres-
sion of each of the 379 sequences in our sublibrary in normal
mucosa to their expression in the flat mucosa of high risk
familial polyposis patients. In this case, the histogram of ratios
of expression (Fig. 5) was dramatically skewed. Twenty (76 of
379) of the sequences were elevated in expression between 3-
and 10-fold in high risk familial polyposis mucosa and 5% (18
of 379) were decreased in expression 60 to 90% (Fig. 5; Table
1). These extensive changes in gene expression in low risk
mucosa compared with high risk familial polyposis mucosa
contrast markedly with comparisons among low risk mucosa,
adenomas, and carcinomas, in which changes in expression
were far fewer and quantitatively smaller (Fig. 2; Table 1).

DISCUSSION

We have demonstrated that alterations in expression of
cloned genes can be detected in human biopsy specimens during
the progression from normal colonic mucosa, to adenoma, to
carcinoma and that the flat mucosa of genetically high risk
familial polyposis individuals exhibits a pronounced change in
the pattern of gene expression when compared to the normal
mucosa of very low risk individuals. In addition, we have been
able to identify a subset of 8 sequences in which the relative
levels of expression characterize colonic epithelial cells as dif-
ferentiated or transformed.

While it is clear that differences in gene expression within
biopsies may be accompanied by additional variations due to
anatomical position within the colon, dietary habits of the
individual, changes in colonic microflora which influence cell
physiology, inflammation of the mucosa, or other reasons, the
ability to quantitate the expression of each cloned sequence and
hence average the results from many individuals allows us to
reach certain overall conclusions. Chief among these are that
the pattern of gene expression in the tissue as a whole is very
different in the familial polyposis flat mucosa compared to the
normal mucosa (Fig. 5), especially in relation to the far fewer
alterations seen among the normal mucosa, adenoma, and
carcinoma (Fig. 2). This latter point also reflects on the question
of cell heterogeneity. While the flat mucosa of high risk familial
polyposis individuals is not identical to normal mucosa, these
tissues are far more similar than are the normal mucosa, ade-
noma, and carcinoma. It is unlikely, therefore, that all or even
most of the alterations in the high risk flat mucosa are due to
a shift in representation of cell types. The flat mucosa in familial
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Fig. 5. Comparison of familial polyposis flat mucosa to normal mucosa. Using
the normalized hybridization values for each of the 379 clones in the sublibrary,
the mean hybridization of each clone in the familial polyposis flat mucosa (n =
7) was compared to its hybridization in the normal mucosa (n = 6) by calculating
the ratio of the values for each clone N. The distribution of these ratios is plotted
as a histogram. Ordinate, number of clones (of the 379); abscissa, ratio of
expression in familial polyposis flat mucosa:low risk mucosa.
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polyposis which is at high risk for colon cancer development
therefore exhibits a very different pattern of gene expression
than the adenomas which have been regarded as benign pre-
malignant neoplasms in progression to cancer and the carci-
nomas themselves.

These extensive changes in gene expression may be associated
with risk in several ways: lineages of differentiation may be
altered or arrested; cell interactions may be affected which can
be permissive for or accelerate tumor development (24); or
multiple pathways which converge on the transformed pheno-
type (25, 26) may be initiated by the extensive changes, any one
of which can progress under the effects of other carcinogens or
promotors.

Although the differences in gene expression that we have
observed in each stage of progression from low risk colonic
mucosa, to adenoma, to carcinoma are less extensive than
between the low risk mucosa and the mucosa of familial poly-
posis, they are substantial. In comparing carcinoma to normal
colonic mucosa, 27 of the 379 sequences (7%) show either
increases or decreases in average level of expression greater
than 3-fold. In the case of platelet-derived growth factor stim-
ulation of 3T3 cell proliferation, it has been suggested that the
number of alterations in expression of genes in the abundant
and middle abundant class reflect a similar extent of alteration
in rare sequences (27). Therefore, on the order of 700 sequences
(7% of 10,000 different cellular sequences) in the colonic mu-
cosa may be altered in expression in progressing through the
stages of neoplastic cell transformation. In analyzing the data
on progression from normal mucosa, to adenoma, to carcinoma
we have presented data on complementary changes in expres-
sion of a subset of these sequences upon induction of differen-
tiation of HT-29 colon carcinoma cells in culture to a more
normal phenotype. These data provide direct evidence that the
patterns of gene expression seen are part of a differentiation/
transformation program in colonic epithelial cells, rather than
reflecting shifts in cell type within the biopsies. Further, this
overall extent in the number of mRNA sequences which change
between the normal colonic mucosa and the carcinoma, on the
order of 10%, is consistent with other estimates of the extent
of alteration in gene expression in transformation in other
systems. These include a chemically induced mouse colon tu-
mor (6), rat hepatomas (2, 3), human lymphoid neoplasia (4),
and most important, even the relatively simple transformation
of normal chick embryo fibroblasts with the Rous sarcoma
virus, in which approximately 1000 host cell sequences are
altered in expression (5).

We do not yet know the function of any of these sequences
for which the expression is altered in the tissue at risk or during
progression. Some may be related to lineages of colonic cell
differentiation, some to the mechanism or regulation of cell
cycle progression. Distinctions such as these are difficult to
make even with well-studied sequences. For example, expres-
sion of the c-Ha-ras-1 gene is related to colonic mucin secretion
(11) and also is a cell cycle-linked gene in colon carcinoma cells
(28), and further, the wild type gene can be considered to
provide a “housekeeping” function since it is expressed in so
many cell types. However, Klein (29) has argued that normal
cells must be finely tuned with regard to growth control, and
hence even alterations in expression of a gene of about 50%
(much less than the 3- to 10-fold seen here) may be highly
significant in determining cell phenotype. Baserga (30) also has
suggested that alterations in expression of any of a large number

of cell cycle linked genes could alter cell growth as a first step
in the progression to full cell transformation.
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