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Acidic tumor environment promotes survival and growth of cancer cells

Tumors are not a comfortable place to live: oxygen deficiency, nutrient scarcity, and the accumulation of sometimes
harmful metabolic products constantly stress cancer cells. A research team from the German Cancer Research Center
(DKFZ) and the Institute of Molecular Pathology (IMP) in Vienna has now discovered that the acidic pH value in tumor tissue
—known as acidosis—is a decisive factor in how pancreatic cancer cells adapt their energy metabolism in order to survive
under these adverse conditions. The results were published in the journal Science.

Poor blood circulation and increased metabolic activity often create hostile conditions in tumors: typical symptoms include a
lack of oxygen, glucose, and other nutrients, the accumulation of sometimes harmful metabolites, and acidification of the
tumor environment. Experts refer to this as acidosis.

The team led by Wilhelm Palm from the DKFZ and Johannes Zuber from the IMP investigated how cancer cells adapt to these
harsh conditions. First, the researchers systematically switched off each gene individually in pancreatic cancer cells using the
CRISPR-Cas9 gene editing tool and then tracked how its loss affected the survival and growth of the cells under defined stress
conditions. These experiments were initially conducted in culture dishes. The genes identified using this approach were then
specifically switched off in mice with pancreatic cancer, and the effects were compared with the results from the cell culture.

The comparative analysis of hundreds of such genes relevant to cancer cell growth under stress conditions surprisingly
showed that the metabolism of cancer cells in the mouse model was strongly influenced by adaptations of their energy
balance to tumor acidosis. The metabolism of cancer cells within a tumor differs significantly from that in conventional cell
culture and can best be replicated by an acidic environment.

“It is not just the lack of oxygen or nutrients that changes the metabolism in the tumor — it is primarily the acidification of the
tumor environment,” explains Wilhelm Palm. Acidosis helps cancer cells switch from sugar-based energy production
(glycolysis) to more efficient energy production through respiration in the mitochondria. These cell structures, known as
organelles, are also referred to as the “powerhouses of the cell.”

The researchers were able to show that the acidic pH value triggers profound changes in the mitochondria. Normally, they are
present in cancer cells as small, fragmented structures. Under acidic conditions, however, they merge into extensive networks
that are significantly more efficient.

This is possible because acidosis inhibits the activity of the signaling protein ERK. Overactivation of this signaling pathway
normally causes mitochondria in cancer cells to repeatedly divide into many small fragments. If this fragmentation does not
occur as a result of tumor acidosis, mitochondria can use various nutrients more efficiently for energy production. If genetic
intervention prevents the mitochondria from fusing, cancer cells lose their metabolic flexibility and grow much more slowly in
the acidic environment of a tumor.

“Our results show that acidosis is not simply a by-product of tumor metabolism, but an important switch that controls the
energy supply and survival strategies of cancer cells,” explains co-study leader Johannes Zuber. In the long term, these
findings could open up new avenues for therapies that specifically target the energy metabolism of tumors.
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