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A few days ago it was announced that the 2019 Nobel Prize 
in Medicine goes to William Kaelin, Peter Ratcliffe and Gregg Se-
menza to discover how cells know and adapt to the oxygen levels 
around them.

HIF (Hypoxia Induction Factor): The regulation of oxygen levels 
makes history: A Nobel Prize that opens new horizons in the early 
detection, prevention, awareness and treatment of cancer.
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A little history
In the 18th century, Carl Sheele determined that approximately 

1/4 of the volume of the air was "air fire"; that is, in the atmosphere 
there is an absolutely necessary component X that allows combus-
tion, that is, without the air we cannot burn things.

Carl Wilhelm Scheele discovered oxygen independently in Up-
psala in 1773, or even earlier, and Joseph Priestley, in Wiltshire 
in 1774, but the honor is usually awarded to Priestley because he 
published his work before. 

Antoine Lavoisier, whose research helped discredit the then 
popular theory of combustion and corrosion phlogiston, coined 
the name "oxygen" (O2) in 1777.

Decades later it was learned that oxygen is released by pho-
tosynthesis carried out by plants. It was found that in the human 
body this element is transported by a protein, hemoglobin. And we 
understood that oxygen is fundamental to our understanding of 
life.

Figure: 2

Figure: 3

In addition, we knew that body tissues can be deprived of oxy-
gen in different circumstances: Ex: during exercise, during a stroke, 
against thrombi or clots, etc. However, until the discoveries of Kae-
lin, Ratcliffe and Semenza, it was not entirely clear how this adap-
tation was regulated at the fundamental level of gene expression. 
So: How do we detect when there is little or a lot of oxygen? What 

Citation: Adrian Pablo Hunis. “Nobel Prize in Medicine 2019”. Acta Scientific Cancer Biology 3.12 (2019): 01-03.



Nobel Prize in Medicine 2019

02

Figure 4

Figure 5

mechanisms are behind that physiological response to lack of oxy-
gen?.

In this story there are 2 protagonists Erythropoietin and the hy-
poxia-inducible factor (HIF), formed by the hypoxia-inducible fac-
tor 1 (HIF-1α) and an activator of this factor that we will call ARNT.

Semenza and Ratcliffe studied how a hormone, called Erythro-
poietin, responds to low oxygen levels, promoting red blood cell 
production and preventing cell death. That is, Erythropoietin is re-
sponsible for acting when there is hypoxia (little O2). So, who tells 
the Erythropoietin gene to be activated?

Semenza and his colleagues identified that together with the 
erythropoietin gene, there are specific segments of DNA that me-
diate the response to hypoxia. Semenza isolated a complex of two 
proteins that bind just to this region of DNA, collectively called hy-
poxia-inducible factor (HIF), that work together to activate certain 
genes when oxygen is low in cells.

Then: lower O2, HIF sticks to the erythropoietin gene, activates 
its transcription, erythropoietin is produced and then this hor-
mone already activates all mechanisms to resist low oxygen. Who 
regulates HIF-1α?

In those years, many other research groups discovered that 
when there is a lot of oxygen HIF-1α degrades rapidly, but when 
there is little oxygen HIF-1α almost does not degrade, then there 
must be something that joins HIF-1α and so regulates it. 

The answer came through William Kaelin and Peter Ratcliffe 
who studied a syndrome called Von Hippel-Lindau, which increas-
es the risk of cancer. Families with this disease have mutations in 
a protein called VHL. Kaelin showed that cells without a VHL gene 
that works well cannot respond to O2. However, when the VHL 
gene is reintroduced into cancer cells, normal levels are restored. 
In other words, the VHL protein is involved in the control of hy-
poxia responses.

This is how it was found that the VHL protein reported by Kae-
lin interacts with HIF reported by Ratcliffe and Semenza, deactivat-

ing hypoxia responses by marking its destruction once O2 levels 
increase. This conclusively links VHL to HIF.

That is, when there is little O2, HIF-1α informs cells that they 
are poor in O2 producing erythropoietin and activating various 
mechanisms. But when O2 levels are restored, VHL sticks to HIF and 
causes its degradation, leaving things as they were before, that is, 
in homeostasis.

The search focused on a specific portion of the HIF-1α protein 
that is known to be important for VHL-dependent degradation, and 
both Kaelin and Ratcliffe suspected that the key to the detection of 
O2 reside somewhere in this protein domain.

In 2001, in two simultaneous papers, it was shown that under 
normal oxygen levels, hydroxyl groups are added at two specific 
positions in HIF-1α. This modification of the protein, called prolyl 
hydroxylation, allows VHL to recognize and bind HIF-1α and de-
grade it.

Figure 6

Therefore, this explains how normal oxygen levels control the 
rapid degradation of HIF-1α with the help of oxygen-sensitive en-
zymes (called prolyl hydroxylases, later identified).
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Figure 7

Summary
Low oxygen, HIF-1α activates the production of Erythropoietin, 

Erythropoietin activates mechanisms to combat hypoxia. Then the 
oxygen rises, hydroxyl groups are added to a part of HIF-1α and 
VHL then marks HIF-1α for degradation. And everything as new.

The work has helped to understand how the body adapts to 
low oxygen levels, thus producing red blood cells and developing 
new blood vessels. The ability to detect O2 is also important for the 
proper growth of a developing fetus and placenta.

Researchers are also trying to develop anti-cancer drugs aimed 
at oxygen detection processes.

Death cells Living cells.
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