
Nanomedicina e 
tematiche collegate



What is Nanomedicine?

• Nanomedicine is an interdisciplinary field of science 
which involves physics, engineering, biology, chemistry, 
medicine and other sciences for diagnosis and treatment 
of diseases by means of nanotechnology.

• The ultimate goal of nanomedicine is to treat the human 
body at the atomic and molecular levels, and to repair a 
body like we repair conventional machines today.  



Cancer: 8.2 million deaths in 2012; 14 million people diagnosed in 2012, to an 
expected 24 million people in 2035 [WHO, world report on cancer 2014]



Trends in Healthcare
Modern Issues: 

-We are getting older and sicker

-Demand of care is growing

-We don’t take good care of ourselves

-We expect better choices

HEALTHY LIVING AND HEALTHY AGEING

-Prevention and earlier diagnosis

-More precise and individualized treatment

-Integral disease management tailored to the medical conditions of the patient

-Inclusive healthcare tailored to the setting: hospital->home, urban & remote

-Engaged and empowered patients, participating in their own treatment





Needs in nanomedicine
A number of academic centers of excellence in nanomedicine exist, but with no 
adequate resources and expertise for the development and no access to market

need to understand market

Large number of Pharma, Med-Tech companies and Healthcare providers have
access to market but most of them do not know how to handle very innovative 
technologies and do not want to take uncontrolled risk

need de-risked innovation

Small number of qualified SMEs involved in nanomedicine exist but they have only
limited development capacities

need to leverage capabilities

Early stage research projects most of the time are not market and medical need
oriented and lot of money has been spent with limited output

need to refocus projects and money investment

Huge need for efficient translation research from discovery to development
and commercialization

(“from bench to market” and the Common Strategic Framework of the EU)
ETP Nanomedicine annual meeting, 2011



Cost Considerations for Nanomedicine Applications

I. Demographic changes, cancer, cardiovascular, neurodegenerative & muscolo-
skeletal diseases are expected to be the major cost-causing diseases.

II. Further, personnel-intensive care (e.g. days in hospital) is very cost-intensive

Taking this into account, nanomedicine innovations are likely to reduce future health costs if 
they:

• aim at major cost-causing diseases, and at the same time

• reduce personnel costs, for example by reducing the required days of in-patient care

• contribute to “healthy-aging” via raising the health status of the population

On the other hand, nanomedicine innovations are lilely to have no major effect or even increase 
future health care costs if they

• aim at disease of minor cost relevance such as infections or diseases with a low 
prevalence and incidence, or

• come as add-on technology, which offers only a small health effect at significant 
costs so that the cost-benefit ratio is unfavourable, or

• result in additional procedures without substantial health effects (e.g. more 
diagnostic procedures).

ETP Nanomedicine annual meeting, 2011



Cost Considerations for Nanomedicine Applications
Example: Cardiovascular disease

With 30 % of the projected deaths the leading cause of death worldwide

Due to huge number of patients, even small effects will result in large cost 
impacts

Main cost drivers are intensive care for chronic patients and rehabilitation for 
stroke patients

Potential nanotechnology innovations which may offer a cost reduction:

• detection of unstable plaques to early identify those patients at 
high risk of heart attack for effective protection streategies

• or even more simultaneous detection and treatment of unstable 
plaques

ETP Nanomedicine annual meeting, 2011



(prevenzione 
secondaria)



A preemptive war is a war that is commenced in an attempt to repel or defeat a perceived inevitable offensive or invasion, or to gain a 
strategic advantage in an impending (allegedly unavoidable) war before that threat materializes. It is a war which preemptively 'breaks the 
peace'. The term: 'preemptive war' is sometimes confused with the term: 'preventive war'. The difference is that a preventive war is 
launched to destroy the potential threat of an enemy, when an attack by that party is not imminent or known to be planned, while a 
preemptive war is launched in anticipation of immediate enemy aggression. Most contemporary scholarship equates preventive war with 
aggression, and therefore argues that it is illegitimate. The waging of a preemptive war has less stigma attached than does the waging of a 
preventive war. 
Prevenzione Primaria: è la forma classica e principale di prevenzione, focalizzata sull'adozione di interventi e comportamenti in grado di 
evitare o ridurre l'insorgenza e lo sviluppo di una malattia o di un evento sfavorevole. La maggior parte delle attività di promozione della 
salute verso la popolazione sono, ad esempio, misure di prevenzione primaria, in quanto mirano a ridurre i fattori di rischio da cui potrebbe 
derivare un aumento dell'incidenza di quella patologia. Frequentemente la prevenzione primaria si basa su azioni a livello 
comportamentale o psicosociale (educazione sanitaria, interventi psicologici e psicoeducativi di modifica dei comportamenti, degli 
atteggiamenti o delle rappresentazioni). Un esempio di prevenzione primaria è rappresentato dalle campagne antifumo promosse 
dai governi. 
Prevenzione Secondaria: si tratta di una definizione tecnica che si riferisce alla diagnosi precoce di una patologia, permettendo così di 
intervenire precocemente sulla stessa, ma non evitando o riducendone la comparsa. La precocità di intervento aumenta le opportunità 
terapeutiche, migliorandone la progressione e riducendo gli effetti negativi. Un esempio di prevenzione secondaria è lo svolgimento del 
Pap test nella popolazione femminile sana. 
Prevenzione Terziaria: è un termine tecnico relativo non tanto alla prevenzione della malattia in sè, quanto dei suoi esiti più complessi. La 
prevenzione in questo caso è quella delle complicanze, delle probabilità di recidive e della morte (anche se, in tale caso, tutti i trattamenti 
terapeutici sarebbero in un certo senso, paradossalmente, "prevenzione"). Con prevenzione terziaria si intende anche la gestione dei 
deficit e delle disabilità funzionali consequenziali ad uno stato patologico o disfunzionale. 
La prevenzione quaternaria è la prevenzione della medicina non necessaria o la prevenzione della medicalizzazione.

Le forme di prevenzione

http://en.wikipedia.org/wiki/War
http://en.wikipedia.org/wiki/Invasion
http://en.wikipedia.org/wiki/Preventive_war
http://it.wikipedia.org/wiki/Promozione_della_salute
http://it.wikipedia.org/wiki/Popolazione
http://it.wikipedia.org/wiki/Diagnosi_precoce
http://it.wikipedia.org/wiki/Pap_test
http://it.wikipedia.org/w/index.php?title=Complicanze&action=edit&redlink=1
http://it.wikipedia.org/wiki/Recidiva_(medicina)


• Unable to detect and treat at the single cell level
• Unable to detect and treat at the DNA level

• Late diagnosis and treatment
• Unable to detect and treat metastasis in time 
• Unable to carry out selective treatment on only 

cancer cells
• Healthy tissue damage

• X-rays treatment could cause a secondary cancer
• Unable to treat effectively bone cancer and 

marrow
• Unable to complete cancer cure

• Recurrence occurs after the treatment 
• Patients eventually die 
• Expensive treatment 

Nanomedicine 
is a future 
medicine

Disadvantages of Conventional Clinical 
Modalities

















i-STAT Portable Clinical blood Analyzer

The competition is tough:
•Radiometer ABL800 FLEX analyser (Radiometer) – desktop 
blood gas analyser.
•HemoCue 201+ meters (HemoCue) – portable systems that a  
used to measure haemoglobin.
•FreeStyle Optium (Abbott) – portable blood glucose monitorin
system.
•FreeStyle Mini (Abbott) – portable blood glucose monitoring
system.
•epoc Blood Analysis System (Epocal) – portable blood gas an  
electrolyte testing.
•RAPIDLab 348EX Blood Gas System (Siemens Healthcare 
Diagnostics) – desktop blood gas analyser.
•RAPIDPoint 500 system (Siemens Healthcare Diagnostics) –
desktop blood lactate assay.
• …

Example of an integrated POC biosensor

Example list price of the technology and consumables:
•i-STAT analyser: non-wireless £5191, i-STAT Wireless £6191.
•i-STAT downloader/recharger: £1100.
•CG4+ cartridge: £12.49 per cartridge (unit size: box of 25 
cartridges).

Electrochemical
detection



in Philips «Minicare» platform
Nanobiotech-enabled biosensing platform













Troponin levels can be used as a test of several different heart disorders, 
including myocardial infarction. 

http://en.wikipedia.org/wiki/Myocardial_infarction




Curiox Biosystems:

DropArray™
Technology platform for the convenient and cost-efficient
miniaturization of aqueous bioassays
Reduction of material and reagent required;
Reduction of reaction time by a factor of ten
Possible reduction of the research costs for drug discovery by 50%
Chip and bench-top station
First commercialization success in May 2008:
www.curiox.com

In 2015:

Compatibile con la tecnologia Luminex

http://www.curiox.com/


Importance of nanomedicine for cancer treatments

RES: An older term for the mononuclear phagocyte system

- A part of the immune system that consists of the phagocytic cells located in reticular connective tissue. 
- The cells are primarily monocytes and macrophages, and they accumulate in lymph nodes and the spleen.

«the protein corona»



Nanoparticles in oral drug delivery

• Improving stability and solubility of drugs in G.I tract
• Improving solubility of drugs in G.I tract
• Increasing bioavailability of drugs
• Alter PK of drugs, e.g. extending half-life
• Targeting drugs to specific cells, tissues and organs
• Reducing toxicity of drugs
• Mitigating metabolism and drug-drug interactions (RIF and 

P.I’s)

Dube A, Ng K, Nicolazzo JA, Larson I. Effective use of reducing agents and nanoparticle encapsulation in stabilizing catechins in alkaline solution. 
Food Chemistry. 2010;122(3):662-7.
Dube A, Nicolazzo JA, Larson I. Chitosan nanoparticles enhance the plasma exposure of (−)-epigallocatechin gallate in mice through an 
enhancement in intestinal stability. European Journal of Pharmaceutical Sciences. 2011;44(3):422-6.
Boyd, B. J. (2008). Past and future evolution in colloidal drug delivery systems. Expert Opinion on Drug Delivery, 5, 69-85.
Delie, F., & Blanco-Príeto, M. (2005). Polymeric particulates to improve oral bioavailability of peptide drugs. Molecules, 10(1), 65-80.



Migliori proprietà chimico-fisiche dei farmaci per 
contro l’HIV

• Effective oral administration of Saquinavir is a challenge
• Saquinavir has poor solubility (35 µg/ml)

• Solubility increased 400 fold through encapsulation in 
cyclodextrin and polyalkylcyanoacrylate nanoparticles (15.8 
mg/ml)

Boudad, H., Legrand, P., Lebas, G., Cheron, M., Duchêne, D., & Ponchel, G. (2001). Combined hydroxypropyl-β-cyclodextrin and poly(alkylcyanoacrylate) 
nanoparticles intended for oral administration of saquinavir. International Journal of Pharmaceutics, 218(1-2), 113-124.



Modulazione del profilo farmacocinetico dei farmaci
contro l’HIV

Indinavir has elimination half-life of 11.5 min (free drug) and 71 h for nanoparticle 
formulation at 10 mg/kg

Kingsley, J., Dou, H., Morehead, J., Rabinow, B., Gendelman, H., & Destache, C. (2006). Nanotechnology: A Focus on Nanoparticles as a Drug Delivery 
System. Journal of Neuroimmune Pharmacology, 1(3), 340-350.



Aumentata concentrazione dei farmaci contro l’HIV
nelle cellule e negli organi

18 fold increase in uptake of 
Didanosine in macrophages 
following encapsulation in 
nanoparticles (mannosylated)

Jain, S. K., Gupta, Y., Jain, A., Saxena, A. R., Khare, P., & Jain, A. (2008). Mannosylated gelatin nanoparticles bearing an anti-HIV drug didanosine
for site-specific delivery. Nanomedicine : nanotechnology, biology, and medicine, 4(1), 41-48.
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Modulazione del profilo farmacocinetico
dei farmaci contro la tubercolosi

Sharma, A., R. Pandey, et al. (2004). "Chemotherapeutic efficacy of poly (DL-lactide-co-glycolide) nanoparticle encapsulated antitubercular drugs 
at sub-therapeutic dose against experimental tuberculosis." Int J Antimicrob Agents 24(6): 599-604.
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Esempi di nanomedicine in 
sviluppo contro l’HIV (2010)

Mamo, T., Moseman, E. A., Kolishetti, N., Salvador-Morales, C., Shi, J., Kuritzkes, D. R., Langer, R., Andrian, U. v., & Farokhzad, O. C. (2010). Emerging 
nanotechnology approaches for HIV/AIDS treatment and prevention. Nanomedicine, 5(2), 269-285.



Esempi di nanofarmaci

• Tumour-targeted 
nanomeds

• Caelyx (Liposomes)
• Feridex (iron oxide 

particles for MRI 
imaging)

• Abraxane (Albumin-
bound nanoparticles)

• Rapamune (nano-
crystal technology) 



Alcuni nanofarmaci approvati



Albumin-bound paclitaxel

- approved by FDA in 2005
- mitotic inhibitor drug
- antimicrotubule agents
- treatment of breast cancer
- Chemically bonded to albumin as a delivery vehicle

Younkee Paik  et al. (2007) Rotational-Echo Double-Resonance NMR Distance Measurements for the Tubulin-Bound Paclitaxel Conformation.  
Am. Chem. Soc.



Applications and Studies
Iron-oxide nanospheres
- Doxorubicin-loaded liposome + Iron-oxide nanospheres (Chemically bonded )
- Doxorubicin used in the treatment of 

different cancers, by intercalating DNA,
interrupting DNA replication

- formed a 100 nm long nanoparticle chain

How it works
Radiofrequency field generation nanoparticles vibration

liposome rupture dispersing the drug in its free form throughout the 
tumor.

1. Paul G. Tardi et. al. (1996). Liposomal Doxorubicin, Journal of Drug Targetting, Vol.4, No:3
2. Zhiqiang Yan et. al. (). LyP-1-conjugated doxorubicin-loaded liposomes suppress lymphatic metastasis by inhibiting lymph node
metastases and destroying tumor lymphatics. Nanotechnology , Vol.22, No:41.



MagForce
Nanotechnologies AG:
Nano-Cancer®-Therapy
No. 1 worldwide in the field of 
nanotechnology cancer treatments
• Cancer therapy without side-effects (can
be combined with
conventional treatments)
• 20 years of basic research
• Cost-efficient and simple application
• Ongoing licensing studies
www.magforce.com

From
J Neurooncol (2011) 103:317–324
DOI:10.1007/s11060-010-0389-0

13.4 months vs. 6.2



• 2001 - Prince Charles refers to ‘grey goo’ and 
Michael Crichton writes Prey

In the Nevada desert, an experiment has gone horribly
wrong. A cloud of nanoparticles -- micro-robots -- has
escaped from the laboratory. This cloud is self-sustaining
and self-reproducing. It is intelligent and learns from
experience. For all practical purposes, it is alive. It has
been programmed as a predator. It is evolving swiftly,
becoming more deadly with each passing hour. Every
attempt to destroy it has failed. And we are the prey.

Non tutto è necessariamente positivo riguardo alle 
nanotecnologie e i dibattiti etici infuriano quasi quanto 
quelli scientifici



The real “Dark Side” of 
Nanotechnology?

• There has not been enough research done to 
know what the biological implications of 
NanoIndustry will be.

• There is evidence to suggest possible problems.
• As a scientific community, we should be pro-active 

in addressing the possible risks.



More Studies are Needed to 
Understand Biouptake!
• Systematic studies over a range of 

nanoparticles sizes and surface chemistries
• Evaluation of specific Nanoconjugates

• Nanoparticles bound to particular molecules that 
may play a role in biouptake



Bioaccumulation?
• Accumulation of a substance within a species due 

to lack of degradation or excretion
• Most nanoparticles are not biodegradable
• If nanoparticles enter organisms low in the food 

chain, they may be expected to accumulate in 
organisms higher in the food chain

Need to understand possible health
effects of nanoparticle exposure!



Nanoparticle Aggregation

• In complex aqueous environments, many 
types of nanoparticles undergo aggregation

• Biological interactions with aggregated 
nanoparticles similar to bulk materials

• Intracellular aggregation may cause extensive 
damage and induce cell death

• May expect similar results to diseases caused by 
protein aggregation (i.e., sickle cell disease, prion 
diseases)



Facilitated Transport of Toxins

• Adsorbed molecules will enter cells if 
nanoparticles do

• Substances normally excluded from cells may 
then enter

• Substance may be toxic to
that organism or ones
further up the food chain

Toxin



Nanoparticle-Induced Activation of the 
Immune System

• In an organism, proteins will be the dominant 
adsorbate.  All extracellular proteins involved.

• Proteins change their conformation during 
adsorption, and thus may change function.

Complement Proteins
Antibodies (IgG, IgM)



Possible Induction of 
Auto-Immune Disorders

Macrophage
Phagocytoses Foreign
Material, Binds C3BC5B

Phagocytosis

Lymphocyte
Produces Antibodies

Macrophage
“Instructs” lymphocytes to 
generate antibodies against 
phagocytosed material

Antibodies

These antibodies may recognize proteins that 
were adsorbed to the nanoparticles. These were 
denatured proteins from the same animal. 
Antibodies may cross-react with “native” 
proteins, inducing Auto-Immunity.



Auto-Immune Disorders are 
Linked to Small Particulates

Example:  Wear debris is generated by
orthopedic implants.  Patients with such
implants have a statistically significant rise 
in the incidence of auto-immune diseases.

Example:  Industrial workers who breathe
particulate matter (i.e. silica dust) have a
significantly higher risk of auto-immune
disorders.
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