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Gaps in our Knowledge of Genetics underlying Common Familial Cancer
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It has long been recognized that cancers have a familial component;
some cancers more strikingly than others. This is composed of both
shared genetic and environmental factors. Twin studies (monozygotic
versus dizygotic) have found statistically significant effects of heritable
factors in prostate (42%), colorectal (33%), and breast (27%) cancers
[3]. Mendelian genetic factors account for a small proportion of these
heritable factors, most notably BRCAI and BRCA2, APC, and the most
common mismatch repair genes (MLHI, MSH2, PMS2, and MSHS).
Although mutations in these genes confer a high relative risk of cancer,
the fact that they are rare makes their population-attributable fraction
low [2]. Case-control genome-wide association studies (GWAS) have
characterized the other extreme of hereditary cancers-common genetic
variants in the population which are associated with small increases in
cancer risk [1]. With the GWAS, the relative risk estimates are on the
order of 1.2 to 1.7, explaining only a small proportion of heritable risk.
There is a large gap between these two extremes, representing 10 - 40%
of the heritable risk that has yet to be defined. This is in part because
cancer is a complex disease involving the interplay of multiple genetic
and environmental factors. With the development of affordable whole
genome sequencing technology, some of this may be teased apart in the
not-so-distant future, but based on the low relative risk findings from
the GWAS, its clinical utility is still in question.

The gap in understanding that requires immediate attention is the
role of genetic variants that fall between the two extremes; moderately
penetrant genetic variants that confer 3-fold or greater increase in
relative risk. Increased cancer surveillance would be justified in this
population, and like the known highly penetrant cancer genes, the
molecular pathways identified may play a role in all cancers. One
approach to identify moderately penetrant cancer genes is to use whole
genome or exome sequencing of affected relative pairs from families
with dense clustering of cancer, but without evidence of one of the
known inherited syndromes. The genetic variants will likely be rare
(<1% ofthe population) and may be unique to a family, but the genes and
molecular pathways involved are likely to intersect with other families
and prior knowledge to reveal true positives. When analyzing 10’s of
1000’s of variants coming out of this type of analysis, it is tempting
(but flawed) to screen for variants that are clearly damaging. However,
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Figure 1: Inverse relationship risk, severity and frequency of a genetic
mutation. The highly penetrant cancer syndromes are represented as the left
arrow. The low-penetrance variants identified through GWAS are characterized
by the right arrow. The gap in our knowledge is represented as the arrow
between the two. The width of the arrows represents the clinically observed
proportion of each diagnostic group. The red, blue, green sliders represent
the lifetime relative risk of cancer, the theoretical severity, and the population
frequency associated with the different classes of genetic variants respectively.

the moderately penetrant genetic variants probably do not damage
a protein. For example, if an oncogene is involved, a non-structural
amino acid change may make it slightly more active, or if a tumor
suppressor is involved, it may have reduced activity or expression.
Identifying these moderately penetrant genes underlying familial
cancer will be challenging, but with next-generation sequencing and
evolving bioinformatics resources, we now have the tools to tackle this
challenge and the clinical utility is justified.

References

1. Chung CC, Chanock SJ (2011) Current status of genome-wide association
studies in cancer. Hum Genet 130: 59-78.

2. Hemminki K, Lorenzo Bermejo J, Forsti A (2006) The balance between heritable
and environmental aetiology of human disease. Nat Rev Genet 7: 958-965.

3. Lichtenstein P, Holm NV, Verkasalo PK, lliadou A, Kaprio J, et al. (2000)
Environmental and heritable factors in the causation of cancer-analyses of
cohorts of twins from Sweden Denmark and Finland. N Engl J Med 343: 78-85.

*Corresponding author: Deborah W. Neklason, Research Associate Professor
of Oncological Sciences Huntsman Cancer Institute at University of Utah Fax:
(801)585-5763; E-mail: deb.neklason@hci.utah.edu

Received January 05, 2012; Accepted January 10, 2012; Published January 14,
2012

Citation: Neklason DW (2012) Gaps in our Knowledge of Genetics underlying
Common Familial Cancer. Genetics S2:€001. doi:10.4172/2161-1041.S2-e001

Copyright: © 2012 Neklason DW. This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

Hereditary Genetics

Colorectal Cancers

ISSN:2161-1041 Genetics an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/21678065
http://www.ncbi.nlm.nih.gov/pubmed/21678065
http://www.nature.com/nrg/journal/v7/n12/full/nrg2009.html
http://www.nature.com/nrg/journal/v7/n12/full/nrg2009.html
http://www.nejm.org/doi/full/10.1056/NEJM200007133430201
http://www.nejm.org/doi/full/10.1056/NEJM200007133430201
http://www.nejm.org/doi/full/10.1056/NEJM200007133430201

	Title
	Corresponding author
	References

