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to cancer.2 This process of programmed cell death is known 
as apoptosis. Consequently, the TP53 gene holds great impor-
tance for human cell regulation, and serious problems with 
the spread of tumorous cells can arise if a copy of the gene 
becomes defective. Li Fraumeni syndrome (LFS) occurs when 
a copy of the TP53 gene becomes defective, leading to early 
childhood cancers, multiple primary tumors, and an approxi-
mated 90% risk of developing cancer during one’s lifetime.3 
The TP53 gene is vital to humans as we have so few copies. 
Elephants, on the other hand, have 20 copies of TP53.2 This 
surplus of TP53 raises questions about the potential benefits 
of having more copies of the gene. Scientists at the Univer-

sity of Utah’s Huntsman 
Cancer Institute have con-
ducted research that delves             
into this topic.

One study, conducted 
by pediatric oncologist Dr. 
Joshua Schiffman, consisted 
of testing 36 mammal spe-
cies, including African and 
Asian elephants, as well as 

humans.2 Peripheral lymphocytes, more commonly known as 
white blood cells, were collected from the two elephant spe-
cies, healthy humans, and individuals with LFS.2 The samples 
were then exposed to methods of radiation to promote DNA 
damage, and the cell responses were recorded. The team cal-
culated that the cancer mortality for both elephant species 
was around 4.81%, while the cancer mortality for humans 
was around 11 to 25%.2 The elephants’ cells seemed able to 
drastically reduce their cancer mortality rate compared to 
humans, and the mechanism for doing so is thought to boil 
down to the TP53 gene.2 

After further analysis of the TP53 genes, the team exposed 
the lymphocyte cells to 18 hours of radiation in order to 
develop DNA mutations, and found that elephant cells went 
through apoptosis nearly 20% more often than human cells, 
and significantly more often than cells from LFS individu-
als.2 TP53 in elephants may, according to the study, lead to 
the triggering of apoptosis as a response to DNA damage 
much more frequently than in humans.2 Furthermore, TP53 
in elephants appeared to kill damaged cells displaying an 
increased risk cancer development instead of trying to repair 
them.2 This precautionary measure of killing suspected cells 
before they become cancerous may partially explain why can-
cer rates in elephants remain so low, and may present new                        
methods to fight cancer.

“... The TP53 gene is able to arrest 

the growth of cancerous cells and 

could provide an avenue to help 

humans beat cancer.”
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CANCER IS THE SECOND LEADING CAUSE OF 
death among Americans and as we continue to age, 
proximal solutions to the elimination of cancer are 

slim. According to the American Cancer Society, in 2016, 
more than 1,685,000 newly diagnosed cases will occur and 
595,000 humans are expected to die due to cancer.1 Not only 
is cancer deadly, but it is also costly. The U.S. spent $88.7 bil-
lion on cancer in 2011.1 As this public health threat escalates, 
new discoveries have emerged that may help us in fighting it. 
One such discovery has shifted attention to a very unexpected 
mammal: the elephant. One might believe that, the larger 
the animal, the more cells it has, and thus the more likely it 
would be to develop can-
cer because of its need to 
replicate more cells. How-
ever, this may not be the 
case, as a vital new insight 
into cancer could lie in the 
body of one of the big-
gest animals on the planet. 
Elephants can live up to 70 
years, similar to a human 
lifespan.2 While on average one in two men and one in three 
women will develop cancer over their lifetime, only five per-
cent of elephants die of cancer.1, 2 Do these animals possess a 
secret defense that miraculously protects them from cancer? 
A recent study may have found the answer, in a tumor sup-
pressor gene known as TP53.

 CANCER AND SUPPRESSION

Cancer occurs due to an uncontrollable, abnormal growth 
in cells.1 It can be caused by external factors, such as drug 

use and daily diets, or it can be due to internal factors, such as 
genetic mutations in our DNA, hormones, or immune con-
ditions.1 Cell division is critical because cells need to repli-
cate for proper tissue function, resilience and reproductive 
fitness.3 However, our bodies need a way to keep mutations 
in cells from propagating out of control. Uncontrolled cell 
replication is not very common because tumor suppressors 
deploy a defense mechanism that keeps cells from becom-
ing cancerous.3 Tumor suppressors are genes that encode for 
proteins that negatively regulate the cell cycle.3 This process 
of negative cell regulation is important if a cell becomes can-
cerous, because a tumor suppressor could potentially prevent 
the replication of that cell. Thus, a loss of function in a tumor 
suppressor gene could lead to cancer due to a lack of control 
over cell division.3 

One particular tumor suppressor is the TP53 gene,  which 
codes for the functional tumor protein p53 – and it is not 
only found in elephants.2 Humans have two copies of this 
gene that destroys cells with DNA mutations that could lead 
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EVOLUTIONARY INSIGHTS

Not only does the TP53 gene provide new insights 
into maintaining DNA viability, but it also 

dons novel understandings of evolutionary develop-
ment. It may not be surprising that humans do not 
have as many copies of TP53 as elephants, but what 
is striking is that the elephant’s closest living relative, 
a small, furry mammal called a hyrax, has only one 
TP53 gene.4 Researchers at the Department of Human 
Genetics at the University of Chicago explored how 
elephants obtained so many more gene copies than 
their living relatives. The team used evolutionary 
genetics to determine what sets the Proboscideans – 
otherwise known as elephants and their ancestors – 
apart in an evolutionary way.4 They discovered that 
the elephant genome encodes for a single TP53 gene, 
but has 19 TP53 retrogenes.4 A retrogene is a DNA 
segment that was reverse-transcribed from RNA and treated 
in the cell as another copy of the original gene.5 As a result, 
more TP53 genes became expressed within the genome. Such 
retrogenes in Proboscideans were believed to have evolved 
over millions of years within the elephant lineage.4 This team 
not only sequenced the genome of current day elephants, but 
also of earlier Proboscidean mammals. These more ancient 
ancestors included the Wooly and Columbian mammoths, 
as well as the American mastodon.4 Upon sequencing their 
genomes, the team found a regularly occurring pattern. As the 
Proboscidean family tree continued though time, the species 
developed more retrogenes along the way.4 The researchers 
also found that the increasing copies of retrogenes correlated 
with Proboscidean size.4 The more copies of TP53, the larger 
the animal could get. Perhaps an increased ability to undergo 
apoptosis lead to the added capability to resist cancer, and 
enabled the Proboscideans to become giants. 

As we begin to understand how elephants became so 
large, the question of why larger mammals do not have higher 
cancer rates has remained a perplexing issue. It makes sense 
that a larger body needs to replicate more cells and, there-
fore, is at an increased risk of developing cancer compared 
to smaller bodied creatures. This idea was put to the test by 
epidemiologist Richard Peto in 1975. Peto compared cancer 
rates and aging in mice and found that body size and age 
were not correlated to an increased cancer risk.6 This finding, 
termed Peto’s Paradox, has become widely accepted. However, 
the mechanisms of cell protection with age and division is 
still under investigation.2 TP53 may be involved in one of the 
mechanisms that keeps cancer in control, even in the largest 
species on the planet. 

While the TP53 gene provides an encouraging under-
standing of cancer study, it is not the only reason elephants 
have a lower risk of developing cancer than humans. First, 
elephants simply do not practice some of the human behavior 
that greatly increases our risk for developing cancers such as 
an unhealthy diet, smoking, and drinking alcohol.1 Addition-
ally, infectious agents like HIV, as well as socioeconomic fac-
tors that can affect health such as access to medical care, con-
tribute to humans’ high cancer rates.1 Nevertheless, the TP53 
gene is able to arrest the growth of cancerous cells and could 
provide an avenue to help humans beat cancer.

 
POTENTIAL APPLICATIONS OF TP53

The discovery of TP53 has raised new questions about 
how we might benefit from the gene. Currently, research-

ers are investigating ways in which the genome of living cells 
can be manipulated to combat cancer. For example, Cas9 is 
a recently-discovered protein that can site-specifically cleave 
DNA and enable large deletions or genomic rearrangements; 
It is used increasingly for genome engineering.7 If we can rear-
range genetic information, how far are we from using Cas9 to 
insert DNA copies into the genome, specifically for the TP53 
gene? Such technology could play a crucial role in solving 
today’s conundrums of cancer prevention and treatment. 

In the future, we may be able to insert cancer fight-
ing genes from elephants into our own bodies – but should 
we? The ethics of genome modification are being intensely 
debated and, as our knowledge of this technology evolves, 
the questions may become increasingly difficult. If we could 
increase TP53 expression in our own bodies, we may very well 
be able to dramatically reduce our cancer rates. People may 
live longer, the costs of cancer may decrease, and the number 
of people with cancer could drop significantly. 

Although Schiffman’s results provide promising insights 
on fighting cancer in time, only preliminary evidence has 
been collected. More studies need to be conducted in order to 
determine how much of an effect TP53 genes have on survival 
rates. Additionally, only captive elephants were used in the 
experiment, which may not accurately portray the TP53 levels 
in wild elephants, where life expectancy is highest.2 Neverthe-
less, this study helps us begin to understand the mechanisms 
for cellular responses to DNA damage and the suppression of 
cancer. In the future we may find a way to benefit from these 
heightened levels of TP53 in elephants, but in the meantime 
we must continue to explore the exciting realm of cellular 
processes. As the adage goes, elephants never forget – but their 
genetic makeup may allow them to forget cancer.

Figure 1. African elephants grazing on Ol Pejeta Conservancy, Laikipia County, Kenya.  
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