Translational Medicine

OPEN 8ACCESS Freely available online

Perspective

Metabolic Reprogramming as a Therapeutic Target in Cancer Care

Ibrahim Haddad’

Department of Medical Biochemistry, University of Jordan, Amman, Jordan

DESCRIPTION

Cancer cells exhibit profound alterations in metabolism that
distinguish them from normal tissues. These changes are not
merely consequences of rapid growth but actively support tumor
survival, proliferation, and resistance to therapy. The concept of
metabolic reprogramming has gained attention as researchers
seek to understand how cancer cells modify energy production
and biosynthetic pathways. Translating these insights into
clinical applications has opened new opportunities for targeted
interventions that disrupt tumor metabolism.

One of the most recognized features of cancer metabolism is
the preference for glycolysis even in the presence of adequate
oxygen, a phenomenon often referred to as aerobic glycolysis.
This metabolic shift allows cancer cells to generate intermediates
needed for the synthesis of nucleotides, lipids, and proteins.
While less efficient in terms of energy production, this pathway
supports rapid cell division. Therapeutic strategies aimed at
inhibiting key enzymes involved in glycolysis have been explored
as a means to limit tumor growth.

In addition to glucose metabolism, cancer cells often rely on
alternative nutrient sources such as glutamine. Glutamine serves
as a carbon and nitrogen donor, contributing to the synthesis
of macromolecules and maintaining redox balance. Targeting
glutamine metabolism has emerged as another potential
approach for cancer treatment. Inhibitors that disrupt glutamine
utilization can impair tumor growth, particularly in cancers that
exhibit high dependence on this nutrient.

Lipid metabolism also plays a critical role in cancer progression.
Tumor cells frequently increase the synthesis and uptake of fatty acids
to support membrane formation and signaling processes. Enzymes
involved in lipid synthesis have been identified as potential therapeutic
targets. By interfering with these pathways, it may be possible to
disrupt the structural and functional integrity of cancer cells.

The tumor microenvironment influences metabolic behavior
as well. Limited oxygen availability and nutrient competition
within the tumor mass create conditions that drive metabolic
adaptation. Cancer cells must adjust to these constraints, often

developing mechanisms to survive under stress. Understanding
these adaptations provides insight into vulnerabilities that can
be exploited for therapeutic purposes. For example, targeting
pathways that enable survival under low oxygen conditions may
enhance the effectiveness of existing treatments.

Metabolic reprogramming is closely linked to immune responses
in the tumor environment. Immune cells require energy and
nutrients to function effectively, and competition with cancer
cells can limit their activity. Some tumors create conditions that
suppress immune cell metabolism, reducing their ability to attack
malignant cells. Strategies that restore immune cell function
by modulating metabolic pathways are being investigated as
complementary approaches to immunotherapy.

Advances in imaging technologies have enabled the visualization
of metabolic activity in tumors. Techniques such as positron
emission tomography allow clinicians to assess glucose uptake and
identify areas of high metabolic activity. These tools are valuable
for diagnosis, staging, and monitoring treatment response. They
also provide a means to evaluate the effectiveness of therapies
targeting metabolic pathways.

The development of drugs targeting cancer metabolism requires
careful consideration of potential effects on normal tissues. Many
metabolic pathways are shared between healthy and cancerous
cells, raising concerns about toxicity. Selectivity is therefore a key
objective in drug design. Researchers aim to identify differences
in metabolic regulation that can be exploited to minimize harm
to normal cells while effectively targeting tumors.

CONCLUSION

Metabolic reprogramming represents a significant area of interest
in cancer research and treatment. By targeting the altered metabolic
pathways that support tumor growth, it is possible to develop novel
therapeutic strategies. Additionally, variability between patients
necessitates flexible strategies that can be adapted to different clinical
scenarios. Continued research and collaboration are essential for
addressing these challenges. Ongoing efforts to understand these
processes and translate findings into clinical applications will
contribute to improved outcomes for patients with cancer.
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