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Description

Biomedicine, a multidisciplinary field at the intersection of
biology and medicine, is dedicated to understanding the
mechanisms of health and disease at the molecular, cellular and
systems levels. Grounded in the principles of biological sciences,
biomedicine applies these to medical practices, diagnostics and
therapeutic interventions aimed at preventing, diagnosing and
treating diseases. As it spans areas like genetics, immunology,
pharmacology and cellular biology, biomedicine draws from a
range of scientific disciplines to uncover the biological basis of
conditions that affect human health. This approach enables
researchers and clinicians to develop highly targeted therapies,
often personalized to meet the specific genetic and molecular
profiles of patients. The integration of biomedicine into
healthcare has led to remarkable advancements, transforming
treatment paradigms and enabling the development of precision
medicine a field within biomedicine that seeks to tailor
healthcare strategies based on individual variability in genes,
environment and lifestyle.

Molecular genetics

One of the most heartfelt areas of biomedicine lies in
molecular genetics, where scientists investigate the genetic
foundations of diseases. Human genomes, comprising nearly
20,000 genes, are now accessible through advanced sequencing
technologies, allowing researchers to identify mutations and
genetic variations linked to diseases like cancer, cystic fibrosis
and neurodegenerative disorders. Cancer research, for example,
has benefited enormously from molecular genetics, as scientists
can now detect mutations in specific genes such as BRCA1 and
BRCA2, which are linked to a higher risk of breast and ovarian
cancers. With this genetic information, physicians can offer
more precise diagnoses, forecast potential disease risks and
develop individualized treatment regimens, including gene
therapy. Gene therapy, an innovative approach within
biomedicine, involves modifying genes to treat or prevent
disease. This could mean replacing a faulty gene with a healthy
copy, deactivating a problematic gene, or introducing a new
gene to help fight disease. These advancements offer new hope
for patients with genetic disorders that were once considered
untreatable. Biomedicine has also revolutionized pharmacology
and drug development, where molecular understanding informs
the creation of medications that act on specific cellular

pathways. This specificity reduces unwanted side effects and
increases drug efficacy, as seen in the field of targeted cancer
therapies. Unlike traditional chemotherapy, which affects both
cancerous and healthy cells, targeted therapies inhibit specific
proteins or genes that drive cancer growth. Imatinib (Gleevec),
for instance, was one of the first targeted cancer drugs
developed to inhibit the BCR-ABL protein in chronic myeloid
leukemia, a discovery made possible by the deep understanding
of cellular mechanisms in biomedicine. In addition, the emerging
field of pharmacogenomics examining how genes affect a
person’s response to drugs enables even finer precision in drug
prescription. By analyzing genetic variations, doctors can predict
how patients will metabolize drugs, allowing for dosage
adjustments and reducing the likelihood of adverse reactions.
This integration of genomics into pharmacology is redefining
therapeutic approaches, for personalized medicine that
considers an individual’'s genetic makeup when designing
treatment plans. The role of biomedicine in infectious disease
research has become even more prominent in recent years,
particularly with the COVID-19 pandemic highlighting the need
for rapid vaccine development and antiviral therapies.
Biomedicine was central to the creation of mRNA vaccines, a
groundbreaking technology used in the Pfizer-BioNTech and
Moderna COVID-19 vaccines. Unlike traditional vaccines, which
use weakened pathogens, mRNA vaccines introduce genetic
instructions that prompt cells to produce a protein found on the
virus’s surface, triggering an immune response. This approach
not only accelerated vaccine development but also opened for
treating other diseases, including influenza and Zika virus. The
pandemic underscored the importance of biomedicine’s
contributions to global health, driving investment in vaccine
research, antiviral drug development and diagnostic tools that
can quickly and accurately identify pathogens.

Autoimmune diseases

Beyond molecular and genetic approaches, biomedicine has
advanced understanding in immunology, particularly in
autoimmune diseases and immunotherapy. Immunotherapy,
which leverages the immune system to fight diseases, has
transformed the landscape of cancer treatment. Checkpoint
inhibitors, for example, are drugs that block proteins used by
cancer cells to evade immune detection, enabling the body’s
immune cells to attack the cancer effectively. This technique has
shown promising results in treating cancers such as melanoma
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and lung cancer, offering an alternative for patients who may that modulate immune responses, reducing the severity of
not respond well to traditional treatments. On the other side, autoimmune diseases like rheumatoid arthritis, multiple
biomedicine has shed light on autoimmune diseases conditions sclerosis, and Crohn’s disease. Such treatments provide relief for
where the immune system mistakenly attacks healthy cells. millions of patients who might otherwise face debilitating
Advances in immunology have led to the development of drugs symptoms and complications.
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