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Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

TCD:	  EURONANOFORUM	  2015	  –	  FUTURE	  FLASH!	  BEST	  
PROJECT	  

NAMDIATREAM	  awarded	  as	  	  
the	  best	  NMP	  European	  project	  	  
out	  of	  more	  than	  1000	  
EU	  funded	  projects	  	  
at	  EuroNanoForum	  2015	  
(Riga,	  Latvia,	  June	  2015)	  
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Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

Personalised	  medicine:	  companion	  diagnos<cs	  model:	  
useful	  but	  simplified	  

©TCD 2014 Courtesy of Prof. J. O’Leary, Head of Histopathology, St. James’s Hospital, Ireland 



Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

Personalised	  health	  care:	  	  
the	  emerging	  reality	  

©TCD 2014 Courtesy	  of	  Prof.	  O’Leary	  



Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

How	  far	  can	  we	  go	  towards	  precision	  medicine?	  

Courtesy	  of	  Prof.	  O’Leary	  
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Cancer at TCD and integrated areas 
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Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

The	  changing	  view	  of	  Cancer	  

Size	  	  
(nm)	  

1	   10/100	  

mm	  

©TCD 2014 Courtesy	  of	  Prof.	  O’Leary	  
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It’s the Cancer cell after all 
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•! New Diagnostics 
•! More Efficient drugs 
•! New Therapeutics 
•! New Combination Therapy 
•! Personalised Therapies 
 
 Solving unmet clinical needs 

Folic acid

Paclitaxel
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Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

“NANO”	  -‐	  Benefits	  for	  Clinical	  Treatment	  

Cancer	  therapies	  are	  currently	  limited	  to	  surgery,	  radia<on,	  and	  
chemotherapy.	  All	  three	  methods	  risk	  damage	  to	  normal	  <ssues	  or	  
incomplete	  eradica<on	  of	  the	  cancer.	  	  

	  

Nanotechnology	  offers	  the	  means	  to	  aim	  therapies	  directly	  and	  selec<vely	  at	  
cancerous	  cells.	  

	  
–  Passive	  Targe<ng	  

–  Ac<ve	  Targe<ng	  

–  Nanocarriers	  (next	  slides)	  

–  Destruc<on	  from	  Within	  (next	  slides)	  

hEp://nano.cancer.gov	  



>#$)$7?'8-&&%@%'2=A&$).'"#$!%&'($)*'+,!-.!/012'&!

9*)-0*##$%#;'3-#'"#=@'"%&$M%#?'*)"'7*#@%<)@'

?!L#-2$!)7&9$!-.!>$2'($),!79$&+*!7)$!6-**'12$!10+!+#$!<7'&!8-<6-&$&+*!+,6'8722,!'&820>$!7!&7&-87))'$)W!7!
+7)9$H&9!<-'$+,!8-&K097+$>!+-!+#$!&7&-87))'$)W!7&>!7!87)9-!V*08#!7*!+#$!>$*')$>!8#$<-+#$)76$0H8!>)09*XY!!

Q-0)8$4!_'8F'!_/!$+!72!ABCD!=7&-<$>'8'&$!



>#$)$7?'8-&&%@%'2=A&$).'"#$!%&'($)*'+,!-.!/012'&!

2%;7#=0<-)'3#-E'P$71$)'

15 

#E64\\&7&-Y87&8$)Y9-(!7&>!=7+0)$!37&8$)!)$('$L!!

Folic acid

Paclitaxel



>#$)$7?'8-&&%@%'2=A&$).'"#$!%&'($)*'+,!-.!/012'&!
©TCD 2014 

9*)-+7--&X$7'3-#'%Y%0<M%'7*#@%<)@N'
',=&<&*?%#%"'9*)-7%01)-&-@?'

4--X' 01*C7%#N'I-('7! /YW! 3Y! :-27&>W! PY! ")7&W! `Y! a-2F-(W! ?Y! :)'&7bI$22-W! I02H27,$)$>! &7&-67)H82$*! .-)! 6$)*-&72'[$>!
<$>'8'&$4!+)7&*27H-&!'&+-!82'&'872!<7)F$+*4!Bc\ABCGd!JQT=4!cefcfCgGChCeB!J&!1--F4!R7&>1--F!-.!32'&'872!=7&-<$>'8'&$4!
@)-<!T$&8#!+-!T$>*'>$W!:012'*#$)4!:7&!Q+7&.-)>!:012'*#'&9W!ABCG!

Targeting ligand

ENP core

Biocompatible coating

Therapeutic coating
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Source: Bregoli L., Gavin-Imedio J., Movia D., Prina-Mello A., 2015 Nanomedicine (Elsevier) 



Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

Nanomedicine products 
Product name (year 
of clinical approval) 

Supplier Core nanomaterial Administration 
route 

Mode of action Indication Main advantage  

Marqibo 
(2012) 

Talon 
Therapeutics Inc. 

Liposome I.V. Drug  delivery (drug: 
vincristine) 

Philadelphia 
chromosome negative 
ALL 

Reduced side effects vs. 
free drug 

NanoTherm (2010) MagForce 
Nanotech AG 

Iron-oxide NP Stereotactic Magnetic 
thermotherapy 
[13] 

Glioblastoma 
  

Increased overall survival 
vs. standard treatment 

Genexol/ Cynviloq 
(2007) 

Samyang 
Biopharma. 
(South Korea) 

Micelle I.V. Drug  delivery (drug: 
paclitaxel) 

NSCLC and metastatic 
breast cancer 

Reduced side effects vs. 
free drug 

Rexin-G (2007) Epeius 
Biotechnologies 
Corp. 
(Philippines) 

Pathotropic NP I.V. miR122 targeting [24] All metastatic solid 
malignancies 

Increased survival vs. 
chemotherapy alone 

Abraxane (2005) Abraxis 
Bioscience/ 
Celgene Europe  

Albumin-bound NP I.V. Drug delivery[11] (drug: 
paclitaxel) 

Metastatic lung and  
breast cancer 

Reduced side effects vs. 
free drug 

Myocet (2000) Sopherion 
Therapeutics, 
LLC and 
Cephalon, Inc.  

Non-PEGylated 
liposome 

I.V. Drug delivery (drug: 
doxorubicin) 

Metastatic ovarian and 
breast cancers, HIV-
Kaposi sarcoma 

Reduced side effects 
vs. free drug 

Ontak  
(1999) 

Seragen, Inc. Fusion protein  I.V. Drug delivery (drug: 
Diphtheria toxin) 

Cutaneous T-cell 
lymphoma 

Reduced risk of tumour 
progression 

DaunoXome (1996) Galen, Ltd. Non-PEGylated 
liposome 

I.V. Daunorubicine citrate 
delivery 

Advanced HIV-Kaposi 
sarcoma 

Reduced side effects vs. 
standard chemotherapy 
alone 
  

Doxil 
(1995) 

Centocor Ortho 
Biotech, J&J 
  

PEGylated liposome I.M. Drug delivery (drug: 
doxorubicin) [12] 

Metastatic ovarian and 
breast cancers, HIV-
Kaposi sarcoma and 
multiple myeloma 

Reduced side effects vs. 
free drug 

Oncaspar (1994) Enzon 
Pharmaceutical, 
Inc. 

Polymeric NP I.V./I.M. Drug delivery (drug: L-
asparginase) 

ALL Reduced side effects vs. 
free L-asparginase 
  

Bregoli	  et	  al,	  2015,	  Nanomedicine	  (Elsevier)	  
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Product name (year 
of clinical approval) 

Supplier Core nanomaterial Administration 
route 

Mode of action Indication Main advantage  

Marqibo 
(2012) 

Talon 
Therapeutics Inc. 

Liposome I.V. Drug  delivery (drug: 
vincristine) 

Philadelphia 
chromosome negative 
ALL 

Reduced side effects vs. 
free drug 

NanoTherm (2010) MagForce 
Nanotech AG 

Iron-oxide NP Stereotactic Magnetic 
thermotherapy 
[13] 

Glioblastoma 
  

Increased overall survival 
vs. standard treatment 

Genexol/ Cynviloq 
(2007) 

Samyang 
Biopharma. 
(South Korea) 

Micelle I.V. Drug  delivery (drug: 
paclitaxel) 

NSCLC and metastatic 
breast cancer 

Reduced side effects vs. 
free drug 

Rexin-G (2007) Epeius 
Biotechnologies 
Corp. 
(Philippines) 

Pathotropic NP I.V. miR122 targeting [24] All metastatic solid 
malignancies 

Increased survival vs. 
chemotherapy alone 

Abraxane (2005) Abraxis 
Bioscience/ 
Celgene Europe  

Albumin-bound NP I.V. Drug delivery[11] (drug: 
paclitaxel) 

Metastatic lung and  
breast cancer 

Reduced side effects vs. 
free drug 

Myocet (2000) Sopherion 
Therapeutics, 
LLC and 
Cephalon, Inc.  

Non-PEGylated 
liposome 

I.V. Drug delivery (drug: 
doxorubicin) 

Metastatic ovarian and 
breast cancers, HIV-
Kaposi sarcoma 

Reduced side effects 
vs. free drug 

Ontak  
(1999) 

Seragen, Inc. Fusion protein  I.V. Drug delivery (drug: 
Diphtheria toxin) 

Cutaneous T-cell 
lymphoma 

Reduced risk of tumour 
progression 

DaunoXome (1996) Galen, Ltd. Non-PEGylated 
liposome 

I.V. Daunorubicine citrate 
delivery 

Advanced HIV-Kaposi 
sarcoma 

Reduced side effects vs. 
standard chemotherapy 
alone 
  

Doxil 
(1995) 

Centocor Ortho 
Biotech, J&J 
  

PEGylated liposome I.M. Drug delivery (drug: 
doxorubicin) [12] 

Metastatic ovarian and 
breast cancers, HIV-
Kaposi sarcoma and 
multiple myeloma 

Reduced side effects vs. 
free drug 

Oncaspar (1994) Enzon 
Pharmaceutical, 
Inc. 

Polymeric NP I.V./I.M. Drug delivery (drug: L-
asparginase) 

ALL Reduced side effects vs. 
free L-asparginase 
  

Main advantage 

Reduced side effects vs. 
free drug

Increased overall survival 
vs. standard treatment

Reduced side effects vs. 
free drug

Increased survival vs. 
chemotherapy alone

Reduced side effects vs. 
free drug

Reduced side effects
vs. free drug

Reduced risk of tumour 
progression

Reduced side effects vs. 
standard chemotherapy 
alone

Reduced side effects vs. 
free drug

Reduced side effects vs. 
free L-asparginase

Nanomedicine approved products 
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Movia D. et al., Biomaterials, 2014, Prina-Mello et al., IEEE Trans Mag 2012 

Drug 
release 

Folic acid 
Paclitaxel 

Gold  
nanomaterial 

Nucant 
Doxorubicin 

Iron Oxide  
nanomaterial 

©TCD 2014 
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NP2 

NP3 

Shelling  Drug 

NP4 

Targeting 

NP5 

NP1 

Tier 1 Tier 2 Tier 3 

Tier 1 

Tier 2 

Tier 3 

» Physico-chemical characterisation 
» Internalization: mechanism and time-dependence 
» Cytotoxicity 
» Biodegradation 

» Biocompatibility 

» Targeted drug delivery 

Uncoated NPs of different sizes 

Shell-coated NPs 

Purpose-specific 
functionalized NPs 
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©TCD 2014 
Source: Movia D. et al., Biomaterials, 2014, 35, 9, 2543-2557   

(selected by the editor as leading opinion paper)  
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©TCD 2014 Adapted from Movia D. et al., Biomaterials, 2014, 35, 9, 2543-2557   
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©TCD 2014 Adapted from Movia D. et al., Biomaterials, 2014, 35, 9, 2543-2557   



>#$)$7?'8-&&%@%'2=A&$).'"#$!%&'($)*'+,!-.!/012'&!

iQ7.$b1,b/$*'9&j!O!"'$)!C!
" Cellular internalization 

NP2 

NP1 

N/T Au NB2
0.0

0.5

1.0

1.5

2.0

Ab
so

rb
an

ce
 @

 7
00

 n
m

 (a
.u

.)

N/T AuNB1
0.0

0.5

1.0

1.5

2.0
37 °C
4 °C
NaN3

***
**

Ab
so

rb
an

ce
 @

 5
60

 n
m

 (a
.u

.)

NP1 NP2 

©TCD 2014 

NP2 

Adapted from Movia D. et al., Biomaterials, 2014, 35, 9, 2543-2557   
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©TCD 2014 

NP1 NP2 

Adapted from Movia D. et al., Biomaterials, 2014, 35, 9, 2543-2557   
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©TCD 2014 Adapted from Movia D. et al., Biomaterials, 2014, 35, 9, 2543-2557   
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©TCD 2014 Adapted from Movia D. et al., Biomaterials, 2014, 35, 9, 2543-2557   
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©TCD 2014 Adapted from Movia D. et al., Biomaterials, 2014, 35, 9, 2543-2557   
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N6L 
Doxorubicin 

Iron Oxide  
nanomaterial 

Next NANOTOOL: MULTIFUN  

©TCD 2014 
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Tier 1 

Tier 2 

Tier 3 

» Physico-chemical characterisation 
» Internalization: mechanism and time-
dependence 
» Cytotoxicity 
» Biodegradation 

» Biocompatibility 

» Targeted drug delivery 

Uncoated NPs of different 
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Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

SPION	  applied	  to	  cancer	  treatment	  

Source:	  Kossatz	  et	  al.,	  2015,	  Breast	  Cancer	  Research	  
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Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

NANOMEDICINE	  AT	  TCD	  
Scien<fic	  Outputs	  



Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

Solving	  unmet	  medical	  needs:	  nano-‐products	  

•  New	  Diagnos<cs	  
•  More	  Efficient	  drugs	  

•  New	  Therapeu<cs	  
•  New	  Combina<on	  Therapy	  

•  Personalised	  Therapies	  
	  

	  

230 nanomedicine products are currently under development, 
thereof 49 are commercialised  (+36% since 2008) 

 

(source Bionest Partners 2013)  

à  Nanomedicine brings breakthrough solutions for 
  the diagnosis and treatment of the most critical diseases 



Trinity	  College	  Dublin,	  The	  University	  of	  Dublin	  

Embracing	  the	  “NANO”	  challenges	  for	  
be]er	  treatment	  to	  pa<ents	  

The	  creaHon	  of	  a	  sustainable	  infrastructure,	  educa<on	  and	  resources	  across	  the	  
nanomedicine	  value	  chain	  is	  therefore	  a	  must	  do	  in	  order	  to	  maximise	  the	  impact	  to	  

Society	  
Bregoli	  et	  al,	  2015,	  Nanomedicine	  (Elsevier)	  
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57% effort is in oncology 14% in phases II/III et III 
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165 drugs and 65 medical devices 70% of products in the four areas of 
oncology, infectious diseases, 

cardiovascular and orthopedics 
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Regulators  

(EMA, FDA, National Agencies) 
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Physico-chemistry 

Biological in-vitro 

Biological in-vivo 

Quality 

Expertise of the 
consortium partners SINTEF 

ULP 
TCD 

MUN 

CEA 

EMPA 
JRC 
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