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Multi-stage carcinogenesis is an important concept in cancer biology. Each new
stage is triggered by the acquisition of an additional genetic aberration, leading to
clonal expansion of the cancer cell. The resulting tumor mass consists of cancer cells '
with all genetic aberrations, but may include precursor cells at some point of
carcinogenesis. In present study we focused on a typical example of the multi-stage
tumorigenesis - the model of Vogelstein on chronology of genetic events in colorectal
cancer. We aimed to analyze the process of carcinogenesis through study of genetic
heterogeneity, a biological feature of human cancer.

Eighty-six bulk colorectal cancer tissue samples and thirteen metastases were
examined for mutations in genes APC, CTNNB1, K-ras and TP53. Primary cancer
tissues with three mutated genes were selected for the next experiments. In order to
analyze intratumor heterogeneity of mutations, 50 regions (100x100x40um) consisting
of only tumor cells were microdissected from each sample. Mutational status was
determined by SNaPshot assay, a primer extension assay.

In the present study, simultaneous occurrence of mutations in APC, K-ras and
TP53 genes was found in 13 out of 86 cases (15.1%). In 10 out of 13 tumor tissues
analyzed, we verified the existence of intratumor heterogeneity and identified cancer
cell subpopulations corresponding to putative precursors: those with mutations in one
or two of the three genes. Intratumor heterogeneity in human cancer is probably due to
the precursor cancer cells. Also, most samples were likely to be of monoclonal origin,
and temporal sequences of the mutations could be deduced from the mutation patterns
of putative precursors. The orders of mutation events were various. The results with
two tissues accompanying adenoma histology did not contradict the core of the
Vogelstein model, i.e., APC is the first. The analysis also revealed considerable
heterogeneity in allele ratios of one or two of the chromosomes. Comparing primary
tumor tissue and its paired metastasis, we found significant similarity in somatic
mutation profiles.

To our knowledge, this is the first study of colorectal tumorigenesis, based on three
mutated genes, in individual cancer tissues. Our approach is promising to uncover the
process of carcinogenesis in other cancers too.
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