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2019 Nobel Prize in Medicine jointly awarded to three scientists for new treatments for cancer and anemia
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E; All animals need oxygen
H for the conversion of food in-
to useful energy, and whenev-
er the levels of oxygen in the
animal bodies change, the cells will ad-
just themselves to adapt to the changes
so as to maintain energy supply. Three
scientists from America and Britain,
namely Gregg L. Semenza, Sir Peter J.
Ratcliffe and William G. Kaelin Jr., were
jointly awarded the 2019 Nobel Prize in
Physiology or Medicine for their discover-
ies on the mechanism of how cells re-
spond to oxygen availability and hypox-
ia, revealing substantially the impact of
oxygen on animal cells and paving the
way for fighting against cancer, anemia
and many other diseases.

The levels of oxygen in animal cells
and tissues vary from time to time, for

example, people might face low oxygen

will rise, contributing to an increased pro-
duction of red blood cells or new blood
vessels, and it is found that human be-
ings are adaptable to varying levels of ox-
ygen even before embryonic develop-
ment. Yet, how this process is itself con-
trolled by O, remains a mystery to scien-
tists.

Gregg L. Semenza, professor of the U.
S. Johns Hopkins University, together
with Sir Peter J. Ratcliffe, professor of
the U.K. University of Oxford, have
long been studying the relationship be-
tween the EPO gene and varying oxygen
levels. By using gene-modified mice, Se-
menza discovered that the oxygen sens-
ing mechanism is present in all human
tissues, but not merely confined to the
kidney cells where EPO is normally pro-
duced. It was also discovered that the ac-
tivity of EPO is associated with a

is encoded as hypoxia-inducible factor

(HIF) .

In 1995, Semenza further discovered
that HIF was found to consist of two dif-
DNA-binding proteins, namely
and ARNT called

When oxygen levels

ferent

HIF-1 o
HIF-18) .
high, cells contain very little HIF-1a.

(also

are

This is because it will normally react
with oxygen and be rapidly degraded.
However, when oxygen levels are low,
HIF-1 o will combine with ARNT to in-
crease the amount of EPO gene, but
such oxygen-dependent mechanism is yet
to be revealed by scientists.

On the other hand, during his re-
search study on Von Hippel-Lindau's dis-
ease, William G. Kaelin Jr., professor of
the U.S. Harvard University, discovered
that cancer cells lacking a functional

VHL gene express abnormally high lev-

are restored, showing that VHL is an im-
portant factor in controlling responses to
hypoxia. Several rounds of experiments
eventually proved that VHL gene i1s a
key component for HIF-1 o degradation.

Ratcliffe
study how O, levels affect the interac-
tion between VHL and HIF-1a, and
published their key findings in 2001 si-

and Kaelin continued to

multaneously.

They discovered that under normal ox-
ygen levels, hydroxyl groups are added
in HIF-1 o, allowing VHL to recognize
HIF-1 o
process, and eventually deactivating
EPO. But when hypoxia the
amount of O, reduces and so VHL can-

and regulate its degradation
exits,

not be attracted, making HIF-1 o associ-
ate with ARNT to become HIF, thereby
stimulating EPO activity and producing
more red blood cells.

sensing mechanism of cells, for example,
cancer cells will interfere with the pro-
cess of producing new blood vessels in
the human body, leading to effective pro-
liferation of cancer cells. Based on the sci-
entists' findings, the medical industry is
now making intense ongoing efforts to de-
velop drugs either activating or blocking
the oxygen-sensing machinery, for in-
stance, by controlling the formation of
red blood cells in hope of treating ane-
mia successfully.

The Nobel Committee said the three
scientists established the basis for peo-
ple's understanding of how oxygen levels
affect cellular metabolism and physiologi-
cal function, significantly advancing peo-
ple's knowledge in biological responses
and reforming strategies to fight diseases.
The Nobel prize sum of $9 million Swed-
ish kronor (approximately HK$7.2 mil-

levels on highlands, by then the levels of
(EPO)

the hormone erythropoietin
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DNA-binding protein complex in the hy-
(HRE) , which

poxia-response element
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The last time I spoke during Commence-

ment week at Harvard, was 25 years ago, I
was Vice President — and someone asked
me, "what is the best thing about being
Vice President?" 1 said well, there's the
great seal of the Vice President of the Unit-
ed States. And if you close one eye and
turn your head just right, it says President
of the United States.
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els of HIF-1 o, but if VHL gene is rein-

troduced into cancer cells, normal levels

One of the root causes of most diseas-

es is related to the failure of the oxygen
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is to be shared equally among

them.
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