
Lecture 14. Personalized medicine (the future of medicine).  

 

Learning outcomes: 

1. Give the definition to the terms “personalized medicine”, “gene therapy”, “target delivery”, 

“nanoparticles”, “nanotechnology”. 

2. Explain how the omics technologies can be used for individual diagnostics, treatment and 

profilactics of human diseases? 

3. Analyze the modern and future methods of biomedicine used for treatment of human diseases 

(nanotechnology, biocompatible polymers, artificial tissues and organs, using the stem cells, 

radiation oncology and etc.). What are their dangers and perspectives? 

4. Characterize the methods of gene therapy “ex vivo” and “in vivo”, give the specific examples. 

5. Analyze the perspectives and dangers of human genome editing, its bioethical consequences. 

 

Personalized medicine, also referred to as precision medicine, is a medical model that 

separates people into different groups—with medical decisions, practices, interventions and/or 

products being tailored to the individual patient based on their predicted response or risk of 

disease. The terms personalized medicine, precision medicine, stratified medicine and P4 

medicine are used interchangeably to describe this concept though some authors and 

organisations use these expressions separately to indicate particular nuances. 

While the tailoring of treatment to patients dates back at least to the time of Hippocrates, the 

term has risen in usage in recent years given the growth of new diagnostic and informatics 

approaches that provide understanding of the molecular basis of disease, particularly genomics. 

This provides a clear evidence base on which to stratify (group) related patients. 

Among 14 Grand Challenges for Engineering, initiative sponsored by National Academy of 

Engineering (NAE), personalized medicine has been identified as a key and prospective 

approach to “achieve optimal individual health decisions”, therefore overcoming the challenge 

of “Engineer better medicines”. 

In personalised medicine, diagnostic testing is often employed for selecting appropriate and 

optimal therapies based on the context of a patient's genetic content or other molecular or cellular 

analysis. The use of genetic information has played a major role in certain aspects of 

personalized medicine (e.g. pharmacogenomics), and the term was first coined in the context of 

genetics, though it has since broadened to encompass all sorts of personalization measures, 

including the use of proteomics, imaging analysis, nanoparticle-based theranostics, among 

others. 

Targeted drug delivery, sometimes called smart drug delivery, is a method of delivering 

medication to a patient in a manner that increases the concentration of the medication in some 

parts of the body relative to others. This means of delivery is largely founded on nanomedicine, 

which plans to employ nanoparticle-mediated drug delivery in order to combat the downfalls of 

conventional drug delivery. These nanoparticles would be loaded with drugs and targeted to 

specific parts of the body where there is solely diseased tissue, thereby avoiding interaction with 

healthy tissue. 

Nanotechnology or nanotech is the use of matter on an atomic, molecular, and 

supramolecular scale for industrial purposes. The earliest, widespread description of 

nanotechnology referred to the particular technological goal of precisely manipulating atoms and 

molecules for fabrication of macroscale products, also now referred to as molecular 

nanotechnology. A more generalized description of nanotechnology was subsequently 

established by the National Nanotechnology Initiative, which defined nanotechnology as the 

manipulation of matter with at least one dimension sized from 1 to 100 nanometers. This 

definition reflects the fact that quantum mechanical effects are important at this quantum-realm 

scale, and so the definition shifted from a particular technological goal to a research category 

inclusive of all types of research and technologies that deal with the special properties of matter 

which occur below the given size threshold. It is therefore common to see the plural form 



"nanotechnologies" as well as "nanoscale technologies" to refer to the broad range of research 

and applications whose common trait is size. 

Nanotechnology as defined by size is naturally broad, including fields of science as diverse as 

surface science, organic chemistry, molecular biology, semiconductor physics, energy storage, 

engineering, microfabrication, and molecular engineering. There are hopes for applying 

nanorobots in medicine. Nevertheless, progress on innovative materials and methodologies has 

been demonstrated with some patents granted about new nanomanufacturing devices for future 

commercial applications, which also progressively helps in the development towards nanorobots 

with the use of embedded nanobioelectronics concepts. 

Gene therapy (also called human gene transfer) is a medical field which focuses on the 

utilization of the therapeutic delivery of nucleic acids into a patient's cells as a drug to treat 

disease. The first attempt at modifying human DNA was performed in 1980 by Martin Cline, but 

the first successful nuclear gene transfer in humans, approved by the National Institutes of 

Health, was performed in May 1989. The first therapeutic use of gene transfer as well as the first 

direct insertion of human DNA into the nuclear genome was performed by French Anderson in a 

trial starting in September 1990. It is thought to be able to cure many genetic disorders or treat 

them over time.  

Gene therapy can be in vivo and ex vivo. In biology, in vivo is often used to refer to 

experimentation done in a whole organism, rather than in live isolated cells, for example, 

cultured cells derived from biopsies. In this situation, the more specific term is ex vivo. Once 

cells are disrupted and individual parts are tested or analyzed, this is known as in vitro. 

CRISPR gene editing is a genetic engineering technique in molecular biology by which the 

genomes of living organisms may be modified. It is based on a simplified version of the bacterial 

CRISPR-Cas9 antiviral defense system. By delivering the Cas9 nuclease complexed with a 

synthetic guide RNA (gRNA) into a cell, the cell's genome can be cut at a desired location, 

allowing existing genes to be removed and/or new ones added in vivo (in living organisms). 

The technique is considered highly significant in biotechnology and medicine as it allows for the 

genomes to be edited in vivo with extremely high precision, cheaply and with ease. It can be 

used in the creation of new medicines, agricultural products, and genetically modified 

organisms, or as a means of controlling pathogens and pests. It also has possibilities in the 

treatment of inherited genetic diseases as well as diseases arising from somatic mutations such as 

cancer. However, its use in human germline genetic modification is highly controversial. The 

development of the technique earned Jennifer Doudna and Emmanuelle Charpentier the Nobel 

Prize in Chemistry in 2020. The third researcher group that shared the Kavli Prize for the same 

discovery (led by Virginijus Šikšnys) was not awarded the Nobel prize. 

 

The questions for self - control: 

1. What are the “personalized medicine”, “gene therapy”, “target delivery”, “nanoparticles”, 

“nanotechnology”? 

2. Applications of the “omics” technologies in individual diagnostics, treatment and profilactics 

of diseases. 

3. Modern and future methods of biomedicine. 

4. Gene therapy “ex vivo” and “in vivo”. 

5. Technologies of genome editing and their bioethical consequences.  

 

Recommended readings: 

1. Stratified, personalised or P4 medicine: a new direction for placing the patient at the 

centre of healthcare and health education (Technical report). Academy of Medical 

Sciences. May 2015. Archived from the original on 27 October 2016. Retrieved 6 

January 2016. 

2. "Many names for one concept or many concepts in one name?". PHG Foundation. 

Retrieved 6 January 2015. 



3. Egnew TR (1 March 2009). "Suffering, meaning, and healing: challenges of 

contemporary medicine". Annals of Family Medicine. 7 (2): 170–5. 

doi:10.1370/afm.943. PMC 2653974. PMID 19273873. 

4. "The Case for Personalized Medicine" (PDF). Personalized Medicine Coalition. 2014. 

Retrieved 6 January 2016. 

5. Smith R (15 October 2012). "Stratified, personalised, or precision medicine". British 

Medical Journal. Retrieved 6 January 2016. 

6. Lesko LJ (June 2007). "Personalized medicine: elusive dream or imminent reality?". 

Clinical Pharmacology and Therapeutics. 81 (6): 807–16. doi:10.1038/sj.clpt.6100204. 

PMID 17505496. S2CID 17860973. 

7. "Grand Challenges - Engineer Better Medicines". www.engineeringchallenges.org. 

Retrieved 2020-08-03. 

8. "Personalized Medicine 101". Personalized Medicine Coalition. Retrieved 26 April 2014. 

9. Priyadharshini VS, Teran LM (2016-01-01). Donev R (ed.). Chapter Five - Personalized 

Medicine in Respiratory Disease: Role of Proteomics. Advances in Protein Chemistry 

and Structural Biology. Personalized Medicine. 102. Academic Press. pp. 115–146. 

Retrieved 2020-08-03. 

10. Xie J, Lee S, Chen X (August 2010). "Nanoparticle-based theranostic agents". Advanced 

Drug Delivery Reviews. 62 (11): 1064–79. doi:10.1016/j.addr.2010.07.009. PMC 

2988080. PMID 20691229. 

11. Muller, R; Keck, C (2004). "Challenges and solutions for the delivery of biotech drugs – 

a review of drug nanocrystal technology and lipid nanoparticles". Journal of 

Biotechnology. 113 (1–3): 151–170. doi:10.1016/j.jbiotec.2004.06.007. PMID 15380654. 

12. Drexler, K. Eric (1986). Engines of Creation: The Coming Era of Nanotechnology. 

Doubleday. ISBN 978-0-385-19973-5. 

13. Drexler, K. Eric (1992). Nanosystems: Molecular Machinery, Manufacturing, and 

Computation. New York: John Wiley & Sons. ISBN 978-0-471-57547-4. 

14. Hubler, A. (2010). "Digital quantum batteries: Energy and information storage in 

nanovacuum tube arrays". Complexity. 15 (5): 48–55. doi:10.1002/cplx.20306. S2CID 

6994736. 

15. Shinn, E. (2012). "Nuclear energy conversion with stacks of graphene nanocapacitors". 

Complexity. 18 (3): 24–27. Bibcode:2013Cmplx..18c..24S. doi:10.1002/cplx.21427. 

S2CID 35742708. 

16. Elishakoff,I., D. Pentaras, K. Dujat, C. Versaci, G. Muscolino, J. Storch, S. Bucas, N. 

Challamel, T. Natsuki, Y.Y. Zhang, C.M. Wang and G. Ghyselinck, Carbon Nanotubes 

and Nano Sensors: Vibrations, Buckling, and Ballistic Impact, ISTE-Wiley, London, 

2012, XIII+pp.421; ISBN 978-1-84821-345-6. 

17. Lyon, David; et., al. (2013). "Gap size dependence of the dielectric strength in nano 

vacuum gaps". IEEE Transactions on Dielectrics and Electrical Insulation. 20 (4): 1467–

1471. doi:10.1109/TDEI.2013.6571470. S2CID 709782. 

18. Saini, Rajiv; Saini, Santosh; Sharma, Sugandha (2010). "Nanotechnology: The Future 

Medicine". Journal of Cutaneous and Aesthetic Surgery. 3 (1): 32–33. doi:10.4103/0974-

2077.63301. PMC 2890134. PMID 20606992. 

19. Ermak G (2015). Emerging Medical Technologies. World Scientific. ISBN 978-981-

4675-81-9. 



20. Kaji, Eugene H. (7 February 2001). "Gene and Stem Cell Therapies". JAMA. 285 (5): 

545–550. doi:10.1001/jama.285.5.545. ISSN 0098-7484. PMID 11176856. 

21. Rosenberg SA, Aebersold P, Cornetta K, Kasid A, Morgan RA, Moen R, et al. (August 

1990). "Gene transfer into humans – immunotherapy of patients with advanced 

melanoma, using tumor-infiltrating lymphocytes modified by retroviral gene 

transduction". The New England Journal of Medicine. 323 (9): 570–578. 

doi:10.1056/NEJM199008303230904. PMID 2381442. 

22. Life Science Technologies, Cell Signaling: In Vivo Veritas, Science Magazine, 2007 

23. "The Nobel Prize in Chemistry 2020". The Nobel Prize. Retrieved 2020-12-10. 

24. Cohen J (October 7, 2020). "CRISPR, the revolutionary genetic "scissors," honored by 

Chemistry Nobel". Science. doi:10.1126/science.abf0540. 

25. Cohen J (2018-06-04). "With prestigious prize, an overshadowed CRISPR researcher 

wins the spotlight". Science | AAAS. Retrieved 2020-05-02. 

26. Lithuanian scientists not awarded Nobel prize despite discovering same technology. 

LRT.LT 

 


