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The hallmark of cancer is uncontrolled cell proliferation. The cell cycle is a complex reaction
cascade comprising positive and negative protein regulators. Its fundamental task is to ensure the
production of a pair of genetically identical daughter cell. To achieve this, DNA is faithfully replicated
once during the S phase and the identical chromosomal copies are distributed equally to two daughter
cells during the M phase. For malignant development to manifest, acquired damage to genes associated
withthe cell cycles must occur.

This article reviews the information currently available on the roles of cell cycle regulator):i

proteins in normal cells, and the abnormalities encountered in human cancer.
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Table 1. Abnormalitiesin Cell Cycle-Related Genes in Human Cancers®

Gene Type of abnormality Type of Cancer
Cyclin
Cyclin A Site of integration of hepatitis B virus, yielding a stabilized protein  Liver
Cyclin E Increased expression and aberrant low molecular weight forms Breast, colon, prostate
Cyclin D1 Chromosomal translocations cause constitutive high expression ~ Parathyroid (PRAD1)
B-cell lymphoma (BCL1)
Gene amplification and increased expression Breast, esophagus, head and
neck, lung, liver, bladder
Increased expression without amplification Breast, colon
Cyclin-dependent kinase
CDK4 Amplification and increased expression Gliomas, sarcomas
Mutation that disrupts p16™ binding Melanoma
Phosphatase
CDC25B Increased expression Breast
Cyclin-dependent kinase inhibitor
p16™* Loss of expression due to deletions, point mutations, or DNA Pancreas, esophagus gliomas,
methylation leukemias etc.
pl5™** Deletions (links to p16™ gene) Leukemias, lung, etc.
p21°”* Impaired induction after DNA damage in p53 mutant cells Numerous types of cancers
p27 Impaired function in TGFb-resistant cells Numerous types of cancers

C1/S checkpoint control proteins

p53 Loss of heterozygosity, point mutations, and inactivation by Numerous types of cancers
viral oncoproteins
Rb Loss of heterozygosity, deletions, point mutations, and Numerous types of cancers

inactivation by viral oncoprotéins
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Table 2. Frequency of p16 Inactivation in Primary Tumors by Mechanism®”

1043

HD* Mutation Methylation T

Tumor Type % T % % Total, % ¥
Glioma 60 <5 24 85
Head and neck 50 10 20 80
Esophagus 20 30 20 70
Pancreas 30 30 ND 60
Bladder 45 <5 <5 55
Mesothelioma 50 <5 ND 55
ALL, T-cell 50 <5 ND 55
Breast 10 ND 30 40
NSCLC 20 15 ND 35
Colon 0 ND 30 30
Melanoma 25 <5 ND 30
Ovary 10 <5 10 25
Prostate 20 ND ND 20
Renal cell 15 ND ND 15
Pituitary 15 0 ND 15
Sarcoma 10 <5 ND 10
Gastric 10 0 ND 10
SCLC 5 ) ND ND 5

NOTE. Frequency of involvement are approximations based on pooled or individual studies with relative small

sample sizes.

Abbreviation: ND, not done; ALL, acute lymphoblastic leukemia; NSCLC, non-small-cell lung cancer; SCLC,

small-cell lung cancer.

*Homozygous deletions based on deletion mapping in primary tumors of xenografis, likely an underestimate.

Newer studies that use microsatellite markers of FISH probes very close to the p16 locus are more accurate than many

older studies.
+ Methylation of 5’ CpG islands.

$# Based on these frequencies, p/6 inactivation will occur in at least 357,000 new cancer cases (of 1,382,

400 projected in the United States in 1997, excluding skin cancer) or 26% of all cancers, a figure only rivaled by the

p53 gene.
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