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The idea that all cancers are genetic in nature and occur as a  
step-wise accumulation of additional of mutations, many of which are 
initiated by environmental factors, is a natural addition to investigation 
of the cell cycle control mechanisms  (Biology COS standard 4, AP Bi-
ology Enduring Understanding 2.C). In Anatomy and Physiology class-
es, cancers of various body systems are examined (COS standards 
3a and 9a). There are also several points of linkage with the Career/
Tech Intro to Biotechnology course (COS objectives 5, 11 and 14). In 
all cases, the distinction should be made between a relatively small 
number of cancer types with strong inherited risks and most forms of 
cancer that are primarily due to mutations acquired throughout the 
life of the individual.  

Hereditary Nonpolyposis Colorectal Cancer (HNPCC®) is a high 
school lab, developed at HudsonAlpha, which focuses on inherited 
cancer risk and detection. Students complete a family pedigree and 
interpret the pedigree to determine individual family member’s risk 
for developing HNPCC. Students then complete a gel electrophore-
sis-based DNA analysis to diagnose family members with the HNPCC 
linked mutation. The lab introduces students to a genetic counselor 
and laboratory technician for career exploration. The HNPCC lab has 
been incorporated in the AMSTI Science in Motion program for high 
school life science classes across Alabama. The kit is available for 
purchase through a partnership with Carolina Biological Supply.  
More information can be found at www.hudsonalpha.org/available- 
educational-kits.

Cancer   
 
Cancer is a collection of diseases that are character-
ized by uncontrolled growth of cells and their spread 
to surrounding tissues. All cancers are genetic dis-
eases because changes in the genes that control cell 
growth and division are involved. However, only about 
5% of cancers are strongly hereditary – primarily 
caused by mutations that are inherited from parent to 
child. Therefore, most cancers do not result from in-
herited mutations, but instead develop from an accu-
mulation of DNA damage acquired during our lifetime. 
These cancers begin with a single normal cell that be-
comes genetically damaged. The transformation from 
that initial cell into a tumor is a stepwise progression. 
The number of genetic mutations that are required to 
convert a genetically normal cell into an invasive tu-
mor is not known but most likely varies among cancer 
types. These genetic changes may involve single letter 
or base substitutions, large deletions or duplications, 
or chromosomal rearrangements impacting vast sec-
tions of the genome. Most cancer cells have a number 
of both large-scale chromosome abnormalities and 
single letter mutations.

Historically, the diagnosis and staging of cancers has 
been based on the appearance of the cancer cells 
under a microscope and the spread to surrounding or 
distant tissues. Treatment decisions and options are 
often based upon this information. However, in many 
cases, individuals with similar-appearing tumors 
will show markedly different responses to 
treatment. We now know that differenc-
es at the molecular level, not visible 
under a microscope, are responsi-
ble for the varying outcomes. 

Microarray-based expression 
studies can be used to identify 
which genes are activated or 
silenced in the formation of 
cancer. Expression patterns can 
classify patients into groups that 
correlate with cancer subtypes 
and responses to a specific drug or 
clinical outcome. If validated, these 
differences can be used to predict out-
comes for new patients, helping physicians 
identify the most optimal treatment or course  
of action.

Microarray experiments are currently too cumber-
some to perform in a clinic, so they are not likely to be 
used routinely to diagnosis patients. 

However, once a small subset of the genes most 
relevant to predicting disease or treatment outcome 

is discovered, it becomes possible to detect the 
corresponding protein levels in the cancer 

cells using specially labeled antibod-
ies. For example, some of these 

proteins have been identified for 
breast cancer. Detecting wheth-
er each protein is present and 
at what level is useful in deter-
mining which therapy will be 
most effective for treatment. 

In the 2008 Annual Report 
to the Nation, the National 

Cancer Institute noted that both 
the incidence and death rate for 

all cancers combined is decreasing. 
While cancer death rates have been 

declining for several years, this marks the 
first decline in cancer incidence, the rate 

at which new cancers are diagnosed.

APPLICATIONS


