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Imaging	and	Therapeutic	
Capabilities	of	Nanoparticles	

a OCT, optical coherence tomography; MRI, magnetic resonance imaging; PET, positron emission tomography; SPECT, single 
photon emission computed tomography; CT, computed tomography. 



Nanotechnology 

Nanotechnology is a multidisciplinary 
field, which covers a vast and 
diverse array of devices derived from 
engineering, biology, physics and 
chemistry and fast becoming the 
hope to answer many problems we 
have not been able to tackle 
previously.  



Nanotechnology in cancer  
There are two general, synergistic goals 
that should be striven to increase the 
efficacy per dose of any therapeutic or 
imaging contrast formulation:  
 

1.  To increase its targeting selectivity 

2.  To endow the agent(s) comprising the 
theranostic formulation with the means to 
overcome the biological barriers that 
prevent it from reaching its target  



An ideal therapeutic or imaging 
system  

selectively directed against the 
disease site  

• at the cellular level meaning to 
cell clusters  

•  in the early stages of the 
transformation towards the 
malignant phenotype. 



Challanges 
1.  Selectivity: the identification of suitable 

early markers of neoplastic disease, se  
2.  Understanding tumor evolution over time  
3.  Deployment of these markers in 

screening and early detection protocols  
4.  Development of technology for the 

biomarker-targeted delivery of multiple 
therapeutic/imaging agents  

5.  Simultaneous capability of avoiding 
biological and biophysiscal barriers.  



Targeted	drug	delivery	

Localize and treat 
• Targeted drug delivery 
− Nanoparticles containing 

drugs, contrast agent etc, 
are coated with targeting 
agents (e.g. conjugated 
antibodies) 
− The nanoparticles 

circulate through the 
blood vessels and reach 
the target cells 

Drugs are released directly 
into the targeted cells 



1. Targeting selectivity 
2. Overcome the  
Biological barriers 

THERANOSTIC  

TRADITIONAL TREATMENT 

NANOTECHNOLOGY  



Biological barriers 
•  protective exclusion by the blood–

brain barrier or the vascular 
endothelium 

•  augmented osmotic pressure states 
in cancer lesions, resulting in 
outward convection of the thera- 
peutic moiety 

•  nanoparticle sequestration , seizure 
blocking by the RETICULO-
ENDOTHELIAL SYSTEM  





Targeting strategies I 

EPR  
•  Cancer needs more suplply in order to 

grow 
•  to facilitate this it forms neovasculature 

structures. 
•  the vasculature supplying cancer 

lesions have increased endothelial 
leakage resulting in the preferential 
protracted lodging of injected 
particulates (EPR) 



Targeting strategies II 
Labeling 
•  Process: conjugation of active 

recognition moieties to the surface of a 
nanovector to increase specificity  

•  Problems : 
•  complexity in the nanoparticle 

preparation, 
•   increased particle size  
•  the risk of bio- logical adverse 

reactions to the targeting agent. 



Advantages of  labeling 
1.  the delivery of much greater therapeutic 

payloads per target biorecognition event 
2.  the ability to carry multiple, potentially 

different targeting agents, providing 
selectivity enhancement  

3.  the ability to integrate means to bypass 
biological barriers 

4.   and the colocalized delivery of multiple 
agents, resulting in targeted combination 
therap/diagnostic. 



Targeting strategies III 
Activation  

1.  ultrasound to burst lipid- encapsulated 
‘microbubbles’ 

2.   photodynamic therapy on silica-based 
carriers  

3.  localized thermal ablation of cancer 
lesions by the combined use of gold 
nanoshells and optical activation in the 
near-infrared region, by which deep 
tissue penetration can be achieved 



Targeting strategies IV 
Non-specific physicochemical interactions  
•  the size of the particle is largely 

responsible for its margination dynamics.  
•  hydrodynamic drag, van der Waals and 

steric interactions 
•  particulates with size of about 100 nm 

display tendency to remain distal to the 
endothelium 

•  Thus most suitable for  cancer 
applications. 



AuNP-DG	
	Deoxyglucose	Labeled	Gold	
Nanoparticle	as	CT	Contrast	

Agent	for	Molecular	
Imaging	of	Cancer	

	
Patented,	2016	



Motivation	
• Our	current	cancer	Tx	methods	
works	with	mainly	early	diagnosis	

•  Emergent	need	for	more	efficient	
combined	diagnostic	and	therapy	
modalities	



Key	technology		in	cancer	
diagnosis	

	

– Current	modalities	are	not	specific	enough	to	
differentiate	tumor	from	surrounding	tissues	
• Use	contrast	agents		

– Resolution	is	not	optimal	to	differentiate	
tumor	below	certain	size.	PET	

– Considering	even	one	mutated	cell	can	trigger	
a	tumor	formation	we	need	to	develop	better	
imaging	tools	

IMAGING 



Key	element	in	cancer	therapy	
IMAGING 

We	use	fiducials		

Currently	no	real-time	tumor	
imaging	for	targeting	is	available	in	

Treatment	room			





• High	resolution	CT	is	used	for	
contouring	and	treatment	while	
PET	is	used	to	identify	tumor	
extend	
	
• 	CT	provides	anatomic	
information	w/	high	spatial	
resolution	

• 	PET	provides	physiological	
information	w/	limited	spatial	
resolution	
	
• No	functional	imaging		
currently	available	in	the	
treatment	room	

Image	taken	from	http://www.sdirad.com/
PatientInfo/pt_pet.htm	

Statement	of	the	Problem	



CT	Tracer	

• 	Most	currently	available	contrast	
agents	are	iodine-based	compounds	

• 	short	blood	retention	

• 	*EPR-effect	for	targeting	imaging	

• 	no	tumor-specific	targeting	ability	

	*EPR:	enhanced	permeability	and	retention	



• Elevated	metabolism	in	tumor	cells	(Warburg	Effect)	
• 	FDG	preferentially	taken	up	through	GLUTs	
• 	Hexokinase	6-phosphorylates	FDG	into	FDG-6-P	
• 	FDG-6-P	trapped	in	tumor	cells	
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• Longer	blood	retention	
due	to	large	molecular	
weight	(10s	to	100s	kDa)	

• 	Ease	of	synthesis:	wet	
chemistry	lab	

• 	Stable		
• 	Non-radioactive	
• 	EPR-effect		
• 	Tumor-specific	targeting	

• Toxicity?	
	

• 	Most	commonly	used	
PET	tracer:	18FDG	

• Tumor-specific	targeting	
ability	

• Complexity	of	synthesis:	
cyclotron/radiochemistry	
lab	:		Cost	&	Availability	

• 	short	half	life	(<	2	hours)	

• 	Radioactive	

Gold	Nanoparticle	PET		



AuNP-DG	
Uptake/entrapment	of	AuNP-DG	are	similar	to	FDG	
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Properties	of	AuNP-DG	

• 	AuNP	synthesized	using	
citrate	acid	reduction	of	
H[AuCl4]	
• 	Conjugate	2-DG	with	
organic	linker	
• 	Gold	core:	φ	~	4-70	nm;		
		AuNP-DG:	hydrodynamic	
φ	~	8	-	80nm	
• 	High	CT	contrast	at	low	
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TEM	image	showing	AuNP	
suspended	in	water.	



• 	A-549	cell	line	(FDG	positive)	used	for	the	in	vitro	
cellular	uptake	assay	

• 	AuNP,	AuNP-1-DG	and	AuNP-2-DG	used	to	incubate	
the	cells	
	 Cell	preparation	flow	chart.	

In-vitro	Experiments	

 
Aydogan B,  et al. Mol Imaging Biol. 2010 Oct;12(5):463-7. 



	TEM	imaging	

intracellular	localization	of	the	AuNP-DG	



Results	
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Aydogan et al. Phys Med Biol. 2010 Aug 7;55(15):4389-97. Epub 2010 Jul 20. 



In	the	literature	1	



In	the	literature		2	



Animal	Imaging	

•  AuNP	size	
– 20	nm	-50	nm		
– Avoid		filtration	

•  PEG	
– Longer	blood	
retention	

A	mice	after	8	hours	post	injection.	The	tumor	shown	in	black	
indicate	the	uptake	of	AuNP-DG	in	the	tumor	and	liver.		



MR		vs	CT	vs	CT	with	AuNP-DG		



Axial Coronal 

Sagittal 3D 





Animal	Imaging	

3D	rendering	of	the	same	mouse	after	1	hour	post	injection.	
Tumor	can	be	seen	clearly.		



Theranostic	application	of		
AuNP	

no NP 
pegNP 
AuNP 

No NP 
 
pegNP 
 
 

AuNP 

6MV External photon 
Treatment  



Clinical	Applications	1	
High	Risk	Prostate	Treatment	

The purpose of using the 
nanoparticles is  
to increase the therapeutic 
index via two synergistic 
effects:  
•  enhanced energy 

deposition within the 
prostate and  

•  simultaneous shielding of 
organs at risk 



MOTIVATION	
Goal is to deliver targeted  treatment to 
tumor while sparing  the surrounding 
healthy tissue, which includes bladder, 
rectum, vital nerves and the urinary 
sphincter.  
 
This should prevent people 
experiencing some common side 
effects of prostate cancer treatment 

•  Urinary incontinence and 
impotency. 

•  Secondary cancer 
 



Clinical	Applications	1	
Nano	Enhanced	Brachytherapy	



Clinical	Applications	2	
Personalized	Prostate	Treatment	



Nanospectra-	Aurolase	

https://nanospectra.com/wp-content/
uploads/2018/10/nanospectra-
animation.mp4 

•  Invented by Naomi Halas, 1994 
•  First clinical Trial started 2013, Terminated 2016 
•  Clinical Trial in prostate just treated the first patient 

https://youtu.be/HCIzFedD06M 



Toxicity	
Dogs 10 months Mice 



The thorough evaluation conducted on the 
gold nanoshell at the extensive exposure 
levels evaluated here identified no 
indication of toxicity, lack of tolerance, or 
immunological effects. 

The thorough evaluation conducted on the gold nanoshell at the extensive exposure 
levels evaluated here identified no indication of toxicity, lack of tolerance, or 
immunological effects. Gad et al. Int. J. of Toxicology, 2012 



Challenges	in	medical	applications	
in		

West	
Can	be	turned	into	an	Advantage		

in	
West	Bank	

	Gaza and All Palestine 



 A state should be built on science 
 Chaim Weizmann Israel’s first president   

A Nature reporting trip to the region 
showed how hard conditions are. 
Frustration and anger bubble below the 
surface — but the scientific spirit 
endures. 

Nature 563, 293 (2018) 





International support can 
help Palestinians to at 
least establish a scientific 
base. There is already a 
scattering of foreign 
funding programs and 
external collaborations, 
and more would help. 
 
Interaction with 
scientists abroad can 
reduce the isolation felt 
by Palestinian 
colleagues, as well as 
open up more 
opportunities for funding 
and collaboration 

In the West Bank and East Jerusalem, 
the welcome seeds of sustainable 
research are being planted. Wittingly or 
not, academics there poignantly echo 
Weizmann’s sentiment that any new 
s t a t e n e e d s t o b e b a s e d o n 
s c i e n c e . 
The challenges they face are 
immense. The conditions of the 
occupation prevent people from moving 
freely in and out of the territories, and 
block or delay imports of crucial research 
consumables. Money for research, from 
any source, is at best a pittance. 
The situation in Gaza is even 
more critical. There, even the basics 
of daily life, such as continuous access 
to drinking water, cannot be taken for 
granted. And scientists have few 
resources for research and even less 
contact wi th the outs ide wor ld . 
Electricity is rationed to a few 
hours per day. Yet science is 
pursued. 
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NanoTherapy	



Current	&	Future	work	

	
•  Biokinetic	distribution	in	animals	
•  	Clearance	
•  Toxicity	
•  Unique	nanomaterials	(i.e.,biodgradable)	to	
reduce	toxicity		

•  Specific	targeting	for	different	cancer	types		





Conjugation	
•  Conjugation	of	2-DG	with	the	AuNP	using	mercapto	
groupin	the	1-	or	2-carbon	position	by	the	condensation	
reaction	of	1-	or	2-amino-deoxyglucose	with	
mercaptosuccinic	acid	(Hermanson	2008).	The	reaction	
solution	was	prepared	by	dissolvingmercaptosuccinic	
acid	(8°ø10−2	M),	D-(+)-glucosamine	hydrochloride	
(8°ø10−1	M),	1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide)	(EDC,	4	°ø	10−2	M)	and	N-
hydroxysuccinimide(NHS,	4	°ø	10−2	M)	in	deionized	
water.	This	solution	was	kept	at	room	temperature	for	
2	h	and	then	added	to	the	concentrated	AuNP	
suspension	of	equal	volume.	



Biological barriers 
•  protective exclusion by the blood–

brain barrier or the vascular 
endothelium 

•  augmented osmotic pressure states 
in cancer lesions, resulting in 
outward convection of the thera- 
peutic moiety 

•  nanoparticle sequestration , seizure 
blocking by the RETICULO-
ENDOTHELIAL SYSTEM  



Biological barriers 
•  protective exclusion by the blood–

brain barrier or the vascular 
endothelium 

•  augmented osmotic pressure states 
in cancer lesions, resulting in 
outward convection of the thera- 
peutic moiety 

•  nanoparticle sequestration , seizure 
blocking by the RETICULO-
ENDOTHELIAL SYSTEM  



Targeting strategies I 

EPR  
•  Cancer needs more suplply in order to 

grow 
•  to facilitate this it forms neovasculature 

structures. 
•  in general, the vasculature supplying 

cancer lesions might have increased 
endothelial leakage resulting in the 
preferential protracted lodging of 
injected particulates 



Targeting strategies II 
Labeling 

•  conjugation of active recognition 
moieties to the surface of a nanovector.  

•  specificity is then increased,  
•  complexity in the nanoparticle 

preparation, 
•   increased particle size  
•  the risk of bio- logical adverse 

reactions to the targeting agent. 



Advantages of  labeling 
1.  the delivery of much greater therapeutic 

payloads per target biorecognition event 
2.  the ability to carry multiple, potentially 

different targeting agents, providing 
selectivity enhancement  

3.  the ability to integrate means to bypass 
biological barriers 

4.   and the colocalized delivery of multiple 
agents, resulting in targeted combination 
therap/diagnostic. 



Targeting strategies III 
Activation  

1.  ultrasound to burst lipid- encapsulated 
‘microbubbles’ 

2.   photodynamic therapy on silica-based 
carriers  

3.  localized thermal ablation of cancer 
lesions by the combined use of gold 
nanoshells and optical activation in the 
near-infrared region, by which deep 
tissue penetration can be achieved 



Targeting strategies IV 
Non-specific physicochemical interactions  
•  the size of the particle is largely 

responsible for its margination 
dynamics.  

•  particulates with size of about 100 nm 
display tendency to remain distal to the 
endothelium 

•  sizes smaller than this crucial radius are 
more likely to be useful in cancer 
applications. 


