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Nobel Prize 2019 pays tribute to translational physiology
on oxygen sensing
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The Nobel Prize in Physiology or Medicine is the first Nobel
award announced this year. In the past, the “or” between the
two subjects was true alternatives in most cases. This year the
Prize honors fundamental discoveries in a field linking phys-
iology to medicine, which we know as translational physiol-
ogy. The Nobel Prize 2019 in Physiology (or) Medicine goes
to William Kaelin Jr, Sir Peter Ratcliffe, and Gregg Semenza.
These researchers are honored for their groundbreaking work
on molecular cellular oxygen sensing—or speaking in more
detail—for unravelling the cellular pathways along which a
reduction of the pericellular oxygen tension leads to the acti-
vation of gene transcription. Their work started out from the
originally rather elusive hormone erythropoietin (EPO),
which is the essential humoral activating regulator of erythro-
poiesis. It was already known in the 70th of the last century
that EPO is produced but not stored by the kidneys and that its
production is stimulated by anemia or arterial hypoxia as it
occurs at higher altitudes or in states of limited alveolar diffu-
sion. Later, renal peritubular fibroblasts were identified as
production sites for EPO and EPO gene transcription was
recognized as the essential control process for EPO produc-
tion. Interstitial hypoxia, due to anemia or arterial hypoxia
reducing the oxygen delivery to the kidneys, would then
somehow lead to the transcription of the EPO gene that finally
would activate erythropoiesis and increase the oxygen trans-
port capacity of the blood [3].

Completely unclear and speculative at that time was the
functional link between hypoxia and the activation of EPO
gene transcription. The three Nobel laureates more or less
independently discovered the three key molecular elements
of this hypoxia signaling process.

First, a new heterodimeric transcription factor that ap-
peared during hypoxia and bound to the EPO gene enhancer
was discovered and characterized. This new transcription
factor—termed hypoxia-inducible factor (HIF)—was found
to be constantly produced but turned out to be rather unstable
at normal oxygen tensions [7].

A second essential finding was that the instability of HIF
resulted from rapid proteasomal degradation that was guided
by the ubiquitin-ligase von Hippel Lindau protein (vHL) [5].

The third key finding, which is the real core finding of the
oxygen sensing process, was that binding of HIF to vHL re-
quired hydroxylation of two prolyl residues in the HIF-α sub-
unit. This hydroxylation process, which is catalyzed by spe-
cific prolyl hydroxylases, requires 2-oxoglutarate and oxygen.
At lower oxygen tensions (hypoxia), hydroxylation of the
HIF-α subunit is reduced and HIF-protein becomes stable
and transcriptionally active [1, 2].

Certainly, these findings would have attracted less atten-
tion, if these events would be specific for special renal cells
or for the EPO gene. A major fourth breakthrough therefore
was the finding that the “HIF” mechanism is not specific for
EPO or for special renal cells, but is instead a generally work-
ing mechanism by which hypoxia triggers a number of HIF-
susceptible genes in almost all cells of the body [4, 8].

What most of these genes have in common is that their
encoded proteins help cells or organs to cope with the detri-
mental consequences of insufficient oxygen supply. Well
known in this context are glycolytic enzymes or vascular en-
dothelial growth factor (VEGF) which drives neovasculariza-
tion of hypoxic tissues.

In summary, the three Nobel laureates in conjunction dis-
covered a novel and very fundamental signaling pathway that
helps us as strictly oxygen-dependent beings to survive epi-
sodes of reduced oxygen supply to our organs. It should be
noted that Kaelin, Ratcliffe, and Semenza by educational
training are not basic scientists such as cell or molecular biol-
ogists but instead are active clinicians, (oncologist, nephrolo-
gist, and pediatrician). No doubt, the clinical background of
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the Nobel laureates also encouraged the translational aspects
of their research. Meanwhile, pharmaceutical inhibitors of
prolyl hydroxylases have been developed that “mimic” states
of cellular hypoxia and thus overcome insufficient EPO pro-
duction in states of kidney disease. Another example is the
development of HIF-antagonists to slow down cancer growth.

It is obvious that the Nobel laureates started with an
original physiological question, namely, how can an or-
ganism, organ, or cell sense hypoxia and directly transmit
the results of oxygen sensing into transcriptional gene
activity. Pflügers Archiv-European Journal of Physiology
always paid and still pays major attention to this topic. A
recently published special issue of our journal (vol 468,
issue 1) in 2016 was indeed devoted to “Oxygen physiol-
ogy: sensors and ion channels,” to which Gregg Semenza
also contributed a review on “Regulation of carotid body
oxygen sensing by hypoxia-inducible factors” [6].

Peter Ratcliffe also published early papers on hypoxia-
induced gene expression in Pflügers Archiv. Certainly,
Pflügers Archiv will provide a platform for research on
oxygen sensing also in the future, because many impor-
tant questions in the field remain to be answered. An
excellent review about the past, present, and future as-
pects of oxygen sensing and their applications can be
found in this issue of Pflügers Archiv. It has been written
by Fandrey, Schödel, Eckardt, Katschinski, and Wenger
who are peers in the field and also collaborators or even
former fellows of the laureates.
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