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Abstract
In the field of medicine, the goal of personalized medicine is to provide tailored treatment plans to individual patients based on their unique 
biological characteristics. This approach is becoming increasingly important as it enables physicians to optimize patient outcomes while minimizing 
the risk of adverse effects. One critical tool in personalized medicine is molecular imaging, which enables the visualization of specific biological 
processes at the molecular level. In this essay, we will explore the role of molecular imaging in personalized medicine. Molecular imaging is now 
widely used in the treatment of many diseases, with a particular emphasis on cancer care. It refers to the in vivo identification and quantification 
of key biomolecules and molecular events that underpin malignant conditions. This article discusses both established and emerging molecular 
imaging methods in oncology. Current molecular imaging techniques have benefits for both clinical cancer care and drug development.
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Introduction 

In the field of medicine, the goal of personalized medicine is to provide 
tailored treatment plans to individual patients based on their unique biological 
characteristics. This approach is becoming increasingly important as it enables 
physicians to optimize patient outcomes while minimizing the risk of adverse 
effects. One critical tool in personalized medicine is molecular imaging, which 
enables the visualization of specific biological processes at the molecular level. 
In this essay, we will explore the role of molecular imaging in personalized 
medicine. Molecular imaging is now widely used in the treatment of many 
diseases, with a particular emphasis on cancer care. It refers to the in vivo 
identification and quantification of key biomolecules and molecular events that 
underpin malignant conditions. This article discusses both established and 
emerging molecular imaging methods in oncology. Current molecular imaging 
techniques have benefits for both clinical cancer care and drug development.

Cancer is one of the most difficult issues in public health care, affecting 
millions of people worldwide and leading to high mortality rates. According to 
the World Health Organization, cancer incidence, prevalence, and mortality 
are expected to rise significantly due to population growth and ageing because 
cancer is positively correlated with patients' ages, even if it affects younger 
people. This emphasises the importance of promoting and advancing health-
care systems and strategies, as well as developing conventional therapy 
methods such as chemotherapy, radiation therapy, and surgery, to eliminate 
cancer cells, increase patient survival rates, and ensure sustainability, while 
also providing satisfactory global healthcare based on prevention, accurate 
diagnosis, and effective treatment with less multi-drug resistance, high 
selectivity, and less cytotoxicity [1-3].

Literature Review 

What is molecular imaging?

Molecular imaging is a medical imaging technique that enables the 
visualization of molecular and cellular events in living organisms. It uses 
non-invasive methods to create images of specific biological processes at 
the molecular level. It involves the use of specialized probes or tracers that 
bind to specific biomolecules and emit signals that can be detected by imaging 
devices. The probes can be labeled with various types of radioisotopes, 
fluorescent dyes, or other contrast agents.

The role of molecular imaging in personalized medicine

Molecular imaging plays a crucial role in personalized medicine by 
enabling the detection and monitoring of specific molecular targets that are 
involved in disease development and progression. It allows physicians to 
identify the underlying biological processes that contribute to disease and to 
assess the effectiveness of treatment strategies. Here are some of the specific 
ways in which molecular imaging is used in personalized medicine [4,5].

Ultra sound

Ultrasound is a high-resolution structural imaging technique that is widely 
used in diagnostic clinical imaging. Ultrasound is a biological system approach 
and imaging technique that can be used as two highly efficient methods for 
thermal cancer therapy therapies (thermoablation and high-intensity frequency 
ultrasound treatment (HIFU) that produces hyperthermia or hypothermia). It 
can also be used in clinical trials for diagnosis because of its advantageous 
properties such as its safety due to no ionising irradiation, wide availability, 
portability, real-time imaging/acquisition time (min), high spatial resolution, 
external or internal application (endoscopy), low cost, high sensitivity, and ability 
to be combined with contrast agents to separate contrast and morphological 
imaging (with use of harmonics). These characteristics increase interest in the 
wide range of ultrasound applications and its role.

Discussion

Diagnosis and staging of diseases

Molecular imaging can be used to diagnose and stage various diseases, 
including cancer, cardiovascular diseases, and neurodegenerative disorders 
[6,7]. For example, in cancer diagnosis, molecular imaging can be used to 
identify the presence and location of specific biomarkers, such as tumor 
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antigens or receptors. This information can be used to determine the type and 
stage of cancer and to guide treatment decisions.

Treatment planning and monitoring

Molecular imaging can also be used to plan and monitor treatment 
strategies. For example, it can be used to determine the expression levels 
of specific biomolecules, such as hormone receptors, which can affect the 
response to certain therapies. Molecular imaging can also be used to monitor 
treatment response in real-time, enabling physicians to modify treatment plans 
as necessary.

Targeted therapy

Molecular imaging can be used to guide targeted therapies that specifically 
target the molecular pathways that contribute to disease. For example, in 
cancer treatment, molecular imaging can be used to identify the expression 
levels of specific biomarkers, such as HER2/neu in breast cancer, which can 
be targeted with specific drugs, such as trastuzumab. This approach can 
improve treatment outcomes while minimizing the risk of adverse effects.

Drug development

Molecular imaging can be used to evaluate the efficacy and safety 
of new drugs in development. For example, it can be used to determine 
the pharmacokinetics of a drug, which refers to how the drug is absorbed, 
distributed, metabolized, and excreted by the body. This information can help 
to optimize the dosage and administration of the drug.

Technologies used in molecular imaging

Several technologies are used in molecular imaging, including positron 
emission tomography (PET), single-photon emission computed tomography 
(SPECT), magnetic resonance imaging (MRI), and optical imaging.

PET

PET is a molecular imaging technique that uses positron-emitting isotopes 
to label biomolecules of interest. When the isotopes decay, they emit positrons, 
which interact with electrons in surrounding tissues, producing gamma rays 
that can be detected by PET scanners. PET can be used to visualize various 
biological processes, such as metabolism, blood flow, and receptor expression.

SPECT

SPECT is a molecular imaging technique that uses gamma-emitting 
isotopes to label biomolecules of interest. When the isotopes decay, they emit 
gamma rays that can be detected by SPECT scanners. SPECT can be used to 
visualize various biological processes.

Conclusion

This imaging technique has been used in therapeutics and diagnostics by 
determining the presence and extent of molecular targets for a specific disease 
and confirming the effective administration of these drugs; it is used for the 
targeted delivery of drugs, including genetic material, which is on the rise. It is 
also used in blood pool enhancement, perfusion imaging, characterization of 
lesions, phase and metabolism, echocardiography, monitoring and quantifying 
arthritis, identifying the phase of this heterogeneous disease, and detecting 
sites of atherosclerosis pathogenesis before lesions occur by accumulating 
microbubbles in ECAM-rich sites.

Acknowledgement

None.

Conflict of Interest

Authors declare no conflict of interest.

References
1. Calvo, Margarita, Alexander J. Davies, Harry L. Hébert and Greg A. Weir, 

et al. "The genetics of neuropathic pain from model organisms to clinical 
application." Neuron 104 (2019): 637-653.

2. Colloca, Luana, Taylor Ludman, Didier Bouhassira and Ralf Baron, et al. 
"Neuropathic pain." Nat Rev Dis Prim 3 (2017): 1-19.

3. Macosko, Evan Z., Anindita Basu, Rahul Satija and James Nemesh, et al. "Highly 
parallel genome-wide expression profiling of individual cells using nanoliter 
droplets." Cell 161 (2015): 1202-1214.

4. Faber, Catharina G., Janneke GJ Hoeijmakers, Hye-Sook Ahn and Xiaoyang Cheng, 
et al. "Gain of function nav1. 7 mutations in idiopathic small fiber neuropathy." Ann 
Neurol 71 (2012): 26-39.

5. Alsaloum, Matthew, Mark Estacion, Rowida Almomani and Monique M. Gerrits, 
et al. "A gain-of-function sodium channel β 2-subunit mutation in painful diabetic 
neuropathy." Molecular Pain 15 (2019): 1744806919849802.

6. Trapnell, Cole, Davide Cacchiarelli, Jonna Grimsby and Prapti Pokharel, et al. "The 
dynamics and regulators of cell fate decisions are revealed by pseudotemporal 
ordering of single cells." Nat Biotechnol 32 (2014): 381-386.

7. Brenner, David J., Carl D. Elliston, Eric J. Hall and Walter E. Berdon. "Estimated 
risks of radiation-induced fatal cancer from pediatric CT."  Am J Roentgenol 176 
(2001): 289-296.

How to cite this article: Alberto, Palma. “The Importance of Molecular Image 
Analysis in Synthetic Biology.” J Mol Genet Med 16 (2022): 590.

https://pubmed.ncbi.nlm.nih.gov/31751545/
https://pubmed.ncbi.nlm.nih.gov/31751545/
https://pubmed.ncbi.nlm.nih.gov/32584191/
https://pubmed.ncbi.nlm.nih.gov/26000488/
https://pubmed.ncbi.nlm.nih.gov/26000488/
https://pubmed.ncbi.nlm.nih.gov/26000488/
lm.nih.gov/21698661/
https://pubmed.ncbi.nlm.nih.gov/31041876/
https://pubmed.ncbi.nlm.nih.gov/31041876/
https://pubmed.ncbi.nlm.nih.gov/24658644/
https://pubmed.ncbi.nlm.nih.gov/24658644/
https://pubmed.ncbi.nlm.nih.gov/24658644/
https://pubmed.ncbi.nlm.nih.gov/11159059/
https://pubmed.ncbi.nlm.nih.gov/11159059/

