Key Advances in Cellular Hypoxia Discovery

An Infographic Timeline

Louis Pasteur observed that oxygen inhibits
fermentation in yeast, indirectly introducing the idea
of oxygen’s effect on cellular metabolism.

Pasteur Effect

Significance: First connection between oxygen levels
and cellular metabolic pathways.

Otto Warburg identified the metabolic shift in cancer
cells, favoring glycolysis even in the presence of oxygen
(aerobic glycolysis).

Warburg
Hypothesis

Significance: Laid groundwork for understanding
cellular metabolism under altered oxygen conditions.

Leon Jacobson and colleagues demonstrated hypoxia-
induced erythropoiesis, the process of red blood cell
production.

Hypoxia and
Erythropoiesis

Significance: Highlighted hypoxia as a physiological
regulator.

Eugene Goldwasser and colleagues purified
erythropoietin (EPO), a hormone promoting red blood
cell production.

EPO Discovery
Significance: ldentified EPO as a hypoxia-induced
hormone, linking cellular signaling to oxygen sensing.

Jim Billups and Barry Rothenberg develop the first
Modular Incubator Chamber for controlling low oxygen
cell culture environments.

Hypoxia
Chamber

Significance: Enabled low-cost hypoxia tissue culture
research.

Gregg Semenza and Guang Wang published findings on
hypoxia-inducible factor 1 (HIF-1). )
Discovery of
Significance: Established HIF-1 as a key regulator HIF-1
of cellular response to hypoxia, controlling gene

expression in low-oxygen conditions.

Semenza and colleagues uncovered the role of hypoxia
in reprogramming cellular metabolism via HIF-1,
promoting glycolysis and lactate production.

Metabolic
Reprogramming
Significance: Provided insights into hypoxia’s role in

homeostasis, cancer and other diseases.

William Kaelin Jr. and colleagues characterized oxygen-
dependent hydroxylation of HIF-1 and subsequent
ubiquitination and proteasomal degradation.

HIF-1

_ . . . Regulation
Significance: Clarified the role of oxygen in regulating

HIF-1 function.

Navdeep Chandel and colleagues revealed that
mitochondria play a central role in hypoxic signaling
by producing reactive oxygen species (ROS) under low
oxygen.

Mitochondrial
Role in Hypoxia

Significance: Connected mitochondrial function with
cellular adaptation to hypoxia.

Vascular endothelial growth factor (VEGF) was
identified as a hypoxia-induced mediator of
angiogenesis by Napoleone Ferrara.

Role of VEGF

Significance: Demonstrated the role of hypoxia in
vascular remodeling and its relevance to diseases like
cancer.

William Kaelin Jr., Sir Peter Ratcliffe, and Gregg Semenza
received the Nobel Prize for their groundbreaking
discoveries related to oxygen-sensing mechanisms.
All three laureates acknowledged using the Modular
Incubator Chamber to create hypoxic environments in
their research.

Nobel Prize

Significance: Recognized decades of work revealing
how cells adapt to oxygen availability, cementing the
field’s importance.

FDA approved belzutifan, a HIF-2 inhibitor, for treating

cancers like renal cell carcinoma.
Significance: Marked the transition of hypoxia research W

into therapeutic applications.

HIF-2 Inhibitor
Approved

Many researchers continue advancing our
understanding of hypoxic mechanisms, particularly
in immune regulation, stem cell biology, infectious
disease, and tissue regeneration, leading to improved
cell culture modeling, optimized therapeutic cell
cultures, and targeting hypoxia in disease.

Recent
Advances

Significance: Results have established the wide-
reaching influence of hypoxia on cellular processes,
with implications for therapies in ischemia, cancer, and
beyond.

A Em brient Inc Empowering Reproducibility in Cell Culture

4 A j .
@ Formerly known as ( billups-rothenberg inc em b rien t .com



