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NORMAL COLON MUCOSA AT RISK CARCINOMA

Mucosa
Submucosa
Muscularis
propria
Germline (inherited) Methylation Protooncogene Homozygous loss of
or somatic (acquired) abnormalities mutations additional cancer Gross chromosomal
mutations of cancer Inactivation of suppressor genes alterations
Suppressor genes normal alleles Overexpression of
(“first hit") ("second hit") COXx-2
APC TP53at 17p13 Telomerase
APC at 5g21 p-catenin K-RAS at 12p12 LOH at 18g21 Other cancer
(SMAD 2 and 4) genes

Figure 17.49 Morphologic and molecular changes in the adenoma-carcinoma sequence. Loss of one normal copy of the tumor suppressor gene APC
occurs early. Individuals born with one mutant allele are therefore at increased risk of developing colon cancer. Alternatively, inactivation of APC in colonic
epithelium may occur later in life. This is the “first hit" according to the Knudson hypothesis (Chapter 7). The loss of the intact second copy of APC
follows (“second hit”). Other changes, including mutation of KRAS, losses at 18q2| involving SMAD2 and SMAD4, and inactivation of the tumor suppressor
gene TP53, lead to the emergence of carcinoma. Although there seems to be a temporal sequence of changes, the accumulation of mutations, rather than
their occurrence in a specific order, is most critical.

NORMAL COLON SESSILE SERRATED ADENOMA CARCINOMA

Germline (inherited) Alteration of second Microsatellite Accumulated mutations
or somatic (acquired) allele by LOH, instability in genes that regulate
mutations of mismatch mutation, or “mutator growth, differentiation,
repair genes promoter methylation phenotype" and/or apoptosis
MLH1, MSH2 TGFBR2, BAX, BRAF,
(MSH6, PMS1, PMS2) TCF4, IGF2R, others

Figure 17.50 Morphologic and molecular changes in the mismatch repair pathway of colon carcinogenesis. Defects in mismatch repair genes result in
microsatellite instability and permit accumulation of mutations in numerous genes. If these mutations affect genes involved in cell survival and proliferation,
cancer may develop.
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