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? Eloaywyn otn vovoiloTpLkn




Tt elvall n vavoiatplkn?

o O 0pog «vavolatplkn» meplypadel TIG ebAPHOYEC TNEG VOVOVOTEXVOAOYLOG
oTnNV laTpKn Kol elkotepa  otn dlayvwon, tn Oepameia, TtV
napakoAovBnon kot Tov €AEyXO PBLOAOYIKWV CUCTNUATWY OE HOPLAKO
enimedo pe TN XpAon vavodLlataéewv Kol vVavoSouwy.

o H vavoiotpwkg ocuvbuadlel TOLKIAEC BOOLKEC ETOTAUEG OMWG Eilval N
Latpkn, N PUoLkn, N xNUELa, N Bloloyia, N GOPUAKEUTLKN KOL N LNXOVLKT).

O 2TOXOC TNG VOVOILOTPLKAC €lvall va eTITPEPEL pLa TILO EyKALpn Kol akpLBn
Sldyvwon Kol va TIOPEXEL LA TILO ATtoTEAECHOTIKA Beparmeia e 0co TO
Suvatov ALYOTEPEC TTAPEVEPYELEC OE OXEON HE TNV “KAOoOLKA LaTPLKN).



MeyeBoc vavoowpatdiwy
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KupLotepa €ld6n vavoowpatdiwy
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EpapUoYEC VAVOLOTPLKNAC




MRI ($59)
Resolution: 25 um-1 mm
Scan time: 30-60 min

g Iron oxide,
Gd_DTp;{"}ji,ﬁ....u manganese oxide

Gd-DOTAS'_',"'\Lé"z

Fluorine 5
CT () ail ") Quantum dot
Resolution: 25-250 um 0 AL Optical ($)
Scan time: 5-15 min nanociE o ’E);zé@ o 0 Resolution: T um-1 mn
. " Flu0{e?cen:j Scan time: 1-5 min
: Lipid-coated i N€ATIRITATE
Blmith @D carrier nanoparticle organic dye

nanocrystal

-,
= Activatable
probe

Sensitivity
mM

radioisotopes
11 1|n’ 67Ga' 99m Tcm

radioisotopes
18F, 64Cu, 89Zr

pM
PET/SPECT ($$9)

Resolution: 250 um-5 mm
Scan time: 1-5 min

Mulder et al.2014. Imaging and Nanomedicine in Inflammatory Atherosclerosis



| Oepareia: targeted drug delivery

o 2t vavoowpatidla urmopouv  va ouvbeBolv, va  amoppodnBouv 1 va

evkappokiwBolv  popat  popuakou,

OnuoupywvtoC €tol €va  ocuoTnua

TIPOOTOTEUUEVO OO XNILKN A EVIVIKE artodopnon.

o Ta vavoowpotidla €ouv T Ouvorotnta ouvdeonc otnv  €mPAVEL TOUG
AELTOUPYIKWY OUAOWV (OVTLOWHOTO, TIPWTEVEC KATT)

Nanoparticle

Delivery “g

o where we want”

Drug ’

Drug loaded nanoparticle

Targeted Delwerty , t
ay where we want”

Targetlng Molecule

Q—»-"o—

Drug
Nanoparticle Targeted Delivery




o H npooPoon tTwv vavoowuatidiwy otouc LoTtoUC-0TOXOUC UIMOopEL va eival
nadntkn (passive targeting) N evepynuikn (active targeting).

oH madnuki otoxeuon Poolletar oo Pawopevo NG  AUENUEVNG
Slarepatotntag kot ouykpatnon (Enhanced Permeability and
Retention effect-EPR) mou napatnpeitat og pn ¢puotoAoykoug L.otouc.

O 2TNV EVEPYNTIKNA OTOXEUON, TAL VavoowUaTidla ipoobEvovtal Pe popLol Tol
orola. CUVOEOVTOL ETIAEKTIKA LE UTIOOOXELC TTIOU UTIAPYOUV OTNV KUTTOPLK)
LepBpavn Tou oto)ou.



Nanoparticle loaded
with drug

Protein (e.g. Transferrin)

Small molecule | (e.g. Folate)

Omlor et al. 2015. Nanotechnology in respiratory medicine
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Active targeting

4,)(/ Ineffective

lymphatic drairage

Peer et al. 2007. Nanocarriers as an emerging platform for cancer therapy

vessel
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MoAUAgLToUpYLIKA VavoowaTidLa

Targeting moiety

Performance enhancer

Therapeutic drug

Therapeutic gene

Stimuli-responsive
heat or light generator

Carrier

>

e

2XX

‘ Imaging agent
X

O

Lim et al. 2012. Nanomaterials for Theranostics: Recent Advances and Future Challenges

(barrier penetration, bio-compatibility, stability, etc.) =

—

|_Surface
modifier

__Biological
Payload
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Accumulation of Healthy Cells
MNPs in tumor /

Anewovion péow MRI:

LOYVNTIKQL  VOVOOWHOTIOIL  WC  OKLoypotdpa
HUECOL QUTEWKOVIONG TIPOCAQUPBAvovTal oo To
KOUPKLIVLKAL KUTTOPOL

Tumor Cells
Applied AC
Localized heating / Magnetic Field
by MNPs \ \ \ \

Maoyvntikng urtepBeppliat:

Me v edappoyr) Tou payvntkou Tediou, N
EVEPYElDL TIOU  aroppoddral Ao Ta
vovoowpotdlokd  oklaypadpkd  pEca  otnv
TIEPLOXN} TOU OYKOU UETATPETETOL O BeppotnTal
TIOU KOTOLOTPEPEL TOL KAPKIVIKA KUTTOPAL.

13
Cole et al. 2013. Cancer Theragnostics: The rise of Targeted Magnetic Nanoparticles



THERAGNOSIS: MRI detection + Multimodal Therapeutic Approach

Multimodal Therapeutic Approach

Diagnosis Magnetic Heating Nanocarrier

- Cancer Stem Cell . Magnetic Nanoparticle

‘ Cancer Cell 9  Ligand: peptide or antibody
Healthy Cell ' Anti-cancer Agent

14
Gobbo et al. 2015. Magnetic nanoparticles in cancer theranostics



S ,
EdbapOYEC TNC VOVOLATPLKNC 0T VEUPOAOYLOL

15



70 -
& Total cost 2010: 798 billion euro
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Brain Multiple  Parkinson's Traumatic Psychotic Anxiety
tumor Sclerosis  Disease Braininjury Stoke  Epilepsy  porgars  Dementia Addiction Dhonml Migraine 00 orders

Costs
s @ @ O o @ © © @ O o |- .

(€PPP) 21690 26974 1,153 4,209 21,000 5.221 5,808 16,584 4227 3,406 370 1,076
Total costs 16 © ' ‘ .
(million €PPP) . . ‘
5174 14,559 13933 5085 26541 13,800 105,163 113405 18463 65995

DiLuca et al. 2014. The Cost of Brain Diseases: A Burden or a Challenge? 16



Alayvwon

o 2tn Sldyvwon Ta VOVOoWHOTIOW XpNOOTIOLoUVTOL WE OKLOYPAPLIKA LECTL
avtiBeonc.

o H xpnon twv vavoowpotdlwv we oklaypadlkd PEca otnplletol otnv
EKUETAANEUON OPLOUEVWV LOLOTATWVY TOUG, OTWCE €ival: To PEYEBOC Toug, N
TIOWKIALOL TWV OXNUATWVY TOUG, TO HeEYAAo doptio oklaypadkol HECOU, Kol
N SuvaToTNTA Yol EKAEKTIKA oUVOEDN HE TIANBwpPO BLOAOYIKWY HOPLWV-
OTOXWV.

17



Alayvwon: MRI

O XPNOWOTOoLoUVTaL HoyvNTIKA vavoowpotidla oediov tou oldripou
(Fe;0,)

o Alokpivovtal oe:
<> SPIO (Supermagnetic Iron Oxide) > 50 nm
<> USPIO (Ultrasmall-SPIO) < 50 nm

o O unxoaviopog 6paong toug Paociletal otnv €vOOKUTIAPWON Kol TNV
nipoocAnYn Toug aro ta pakpodaya

O 2uunepLpEpovTal KUPLwE we T2 oklaypadikd peca aviiBeonc
o Xpovoc nu{wng oto rmaopa: 1-36 hr

18



Alayvwon: MRI

Mnxaviopocg Spaong

Sheikh et al 2014: Recent Advances in Nanotechnology: Potential Prospects in Neuromedicine and Neurosurgery

19



Awayvwon: MR

MayvnTka VavoowpoTidwa e gykplon arto tov FDA

Hydrod i PI Half- Relaxiviti
Generic Name Trade Name K .ro LI Surface Coating a.sma a laxivities Developer
Size (nm) Time* (hr) (r1/r2)**
Sinerem/ Guerbet/AMAG
Ferumoxtran-10 ) 15-40 Dextran 24-36 9.9/65 )
Combidex Pharmaceuticals
) Bayer Schering
Ferucarbotran or Resovist/
. . 60 Carboxydextran 2.4-3.6 10.1/120 Pharma
Ferrixan Cliavist
AG/Medicadoc
AMAG
) Feridex/ )
Ferumoxide 80-180 Dextran 2 9.7/189 Pharmaceuticals
Endorem
/Guerbet
. Bayer Schering
Ferucarbotran Supravist 21 Carboxydextran 6 10.7/38
Pharma AG
AMAG
Pharmaceuticals
Feraheme/ Carboxymethyl /Takeda
Ferumoxytol . 30 10-14 15/89 .
Rienso Dextran Pharmaceutical
Company
Limited
Pegylated
Feruglose Clariscan 20 ceylate 6 3-4 GE-Healthcare

starch




Awayvwon: MRI
Evdo-kpaviakol oykol (YAolopAAoTwOL)

Precontrast Gadoteridol 25 min Ferumoxytol 24-h Ferumoxytol

J rCBV - ferumoxytol

OK.»

Tourdias et al 2012: Assessment of Disease Activity in Multiple Sclerosis Phenotypes with Combined Gadolinium- and Superparamagnetic Iron Oxide— 1
enhanced MR Imaging



Awayvwon: MRI

MoAAatAr} KA PUVON KOTAL TAAKOLG

T1-wi post Gd T1-wi post USPIO

Tourdias et al 2012: Assessment of Disease Activity in Multiple Sclerosis Phenotypes with Combined Gadolinium- and Superparamagnetic Iron Oxide—
enhanced MR Imaging 22



Awayvwon: MRI

2 npayywoEeC apLayyeiwpa

Gd Gd USPIO
Sagittal plane, T1-weighted Coronal plane, T1-weighted  Sagittal plane, T1-weighted

Manninger et al 2005: An Exploratory Study of Ferumoxtran-10 Nanoparticles as a Blood-Brain Barrier Imaging Agent Targetlng
Phagocytic Cells in CNS Inflammatory Lesions



Awayvwon: MRI

MAeovektrporra USPIOs vs GABCA

O

MeyoAUTEPOC XPOVOC TIAPAOVAC OTNV KUKAODOPLAL TOU QOToC
KoAUtepn BlooupBatotnta

XapnAn toéwotnta

Xpron oKOUOL KOl € QLOBEVELC e XPOVIOL VEPPLKT) OVETTAPKELDL
EKAEKTIKA oUVOEDN e TANBWPAL BLOAOYLIKWV LOPLWV-CTOXWV

Meyaho doptio oklaypadkov LECOU

24



Alayvwon: OMTIKN ameLKovLon

*» Surface modification
- Colloidal stability, reduced non-specificity
- Response to stimuli (chemicals, pH, etc)

o Z[s

*» Light Absorption

- Surface Enhanced

Raman Spectroscopy “ Heat generation
- Photothermal therapy

+“ Light scattering
- Dark field imaging

o YynAn otk evaoBnoia Twv vavoowpotdiwv oto kovivo urEpuBpo (NIR) kau
oto opato (VIS) peow ¢ armoppodnong r} okEdaoNC

o 16avika oklaypadkd peoa avtiBeonc (contrast agents)

25



Alayvwon: OwToaKOUOTLKI ATIELKOVLON

Mn enepBatiky GWTOAKOUCTIKN OITELKOVION (N ViVo TOU €YKEPAAOU EVOC TIOVTIKIOU HUECW TNG
gyxuonc PEG-AuNS kaut axtivoBoAnong pe NIR laser (A=800 nm).

5 min Zh

Optical
Absorption
E Max

Optical
Absorption

Differential
Absorption
! e eTUOEIKVUOVTOC HE  AETTTOUEPEID.  OOWEC
-~ HEYOAWV (rtoptokoAl TIAQUOLO) KOl UKPWV
(mpaowvo MAaiolo) ayyeiwv o pPeyaAUTEPN
HeyEBuvon.

Min

D=B-A E=C-A
DwTOOKOUOTIKEC €KOVEC (A) Tpwv (B) 5 min, (C) 2 h peta
v evbodA£fla xopriynon twv PEG-AuNS. (D) ko (E)
AL0POPIKEC EKOVEC TIOU TIPOKUTTTOUV arto TNV adaipeon
NG €wovag B- ewova A kau (E) Ewkoval C- wova A (F)
Qwtoypadia avorytou eykedpdAou Ttovtikiov. Mmadapo=
2mm. 26



Alayvwon: OwToaKOUOTLKI ATIELKOVLON

® Berore injection

After injection

Amewovion tou  eykedpdAou TPV (opLoTeEPN
otAn) kau petd (6e&id otiAn) v €yxuon
VOVOOWUOTOLWV HE T Xprion Twv pueBodwv MRI
kou Photoacoustic.

MRI

Photoacoustic

YriépBeon twv ewdvwv MR kat PA imaging.

YPnAn avaAuon kot akpBrig OTEKOVLON TwV

oplwv TOU Oykou YwPIC EMEUPBOTIKES
Max OLadWKaolieC

0 27



Drug delivery

o MexplL onpepa Sev UTAPYOUV QUTMOTEAECUOTIKEC BEPATTIELEC VIOt TIOANEC OO
QUTEC TLC TIOONOELS OTWC €lvol oL VeEupoeKPUALOTIKEC aoBEvelee (Alzheimer,
Parkinson), oL A ucoowkee taBnoele, kKabwc kat Stadopot TUToL KApKIivwV
TOU gyKepAAOU.

o To KupLoTtePO TIPOPANUA TIou Ttapouctaletal otn dlayvwon Kat Bsparteia
TWV VEUPOAOYIKWVY TIOONOEWV E€ival O ONUAVIIKOC TIEPLOPLOUOC TNG
Hetadpopd GOPLOKWY OO TO OOl OTOV EYKEDOAAO AOYW TNC TOPOUCLOG
TOU aupatogykepoAkov dppaypou (AED).

o 2xebOv OAaL TOL LOKPOMOPLOKA papLaKkal (TTOAUTTETTTOW, AVOCUVOUACEVEC
TMPWTEIVEG, MOVOKAWVIKAL ovTlowpata) kabwe kat 1o 98% twv
LULKPOLLOPLOKWV Papuakwyv dev katadepvouv va dlarepacouv tov AEQD.

o Toa vavoowpatidla £XouV TNV IKAVOTNTA PETOPOPAC PopUAKwWY SLOECOU
Tou AED KUPLWG PETA OO TPOTIOTOLNON TNG ETILDAVELQG TOUC.

28



Drug delivery

Obot dladpuync katad ko tou AED

A .B ..C I?Am .E F .G
MopoKuUTIopKO USoMKS | Alruttopkor  Mpuweiveg j G '| Aokuttdpwon pe , ' . ’
ovorm | ubpodo | petadopel | EXPOG |1 SiapecohdPnon | AOKUTIAPWONLE | fiayegoNdBnon
|_vovortém "1 unodoyéa :"00000¢n0n | Kumpu
Water-soluble 'upio.soum -Gluoosa ' ! Insulin, ! Albumin, other | Monocytes
1 mm 1 1 1 1
@ s e il : . ©
: ! ' : ol e c
i ) 1 : ' "
1) ) 1 1 '
L ' { (¥ 1
i 5 ; : '
fffffff (R P L5 e

Chen etal2012:Modern methods for delivery of drugs across the blood-brain barrier.
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Drug delivery

Alopuyn vavoowpatdiwv xpuoou (AuNPs) kata prikog tou AED Ywpic tporomnoinon
NG TP AVELQC.

transverse plane

Sousa etal2010: Functionalized gold nanoparticles: a detailed in vivo multimodal microscopic brain distribution study



Drug delivery

X0OpOKTNPLOTIKA VOVOOWHOTLOLWV Ttou entnpedlouv th Petadopd papuakwy

Composition | Drugs
NATURAL
SYNTHETIC _ Albumin ,1 Covalently
Polymeric Chitosan - \;% '@ bound
PEI
PLA \ ”o, @ Adsorbed
Inorganic [\0 ©
Gold 7N \\
Silica | \\\\ | .\. Entraped
i) Protein adsorphon "' Size" _:?,-/} Sha pe
i) BBB mteracnon nga nds Ch a rge ,,.:t Positive »
? : \ y / Spherical
fé‘% K{"' 0 " 2witterionic
iii) Hydrophobicity _M.w': ,)"/ j
iv) Blood circulation | E____.-—— Negative Cubic
PEG -
Rod-like

Saraivaetal 2016:Nanoparticle-mediated brain drug delivery: Overcoming blood—brain barrier to treat
neurodegenerative diseases
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Drug delivery

Kuplotepa 16N vavoowpatdiwy rou xpnowornotovvtol ya drug delivery

Dendrimer Liposome Functionalised gold
nanoparticle

asaKAaaan as
C60EE00EEEAaaEaEaEaaaes

Micelle Polymeric nanoparticle Carbon nanotube

32
Rijtetal 2010: Medical nanoparticles for next generation drug delivery to the lungs



Drug delivery

MAgovekTipota Vavoowpatdiwy we petadopeic bopuakwy

O

Mpootatevouy tal GAPHAKA OTTO XNILKNA N EVIULIKE ortodOounon
BlrooupBorta

2T0Bepa, Ywpic va SnoupyouV CUCCWUOTWLOTOL
Mapatetapevoc xpovog kukhodopiag oto ailpa

DEpouv e0IKA pOpLaL yLa oTOXEUON otov AED

IkavoTnTa EAEYXOUEVNC OTtEAEUBEPWONC DAPLLAKOU

33



Drug delivery

A Healthy ; Alzheimer's disease

Neuron Amyloid plaques
\ | |
% |
; 7 % |
/ Ventricles \_£]
' ! Neurofibrillary
tangles
8 Hippocampus
Nanoparticle . Therapeutic | Particle size = Zeta potential
i Target ligand s {am) (mv) Model Remarks Reference
Enhanced drug uptake/accumulation in the
(?;:f?:; N‘}:ﬁ,‘;’o Mice injected with brain; '
PLA 1183+78  -2265+ 085 aggregated AR« Ameliorated leaming impairments,|  [122]

wb:tEit;te); (neuroo:;i:)cm: peptide \cholinergic  disruption and loss of
pep | ' Ihppocampal neurons.

Rats with an acute X il

PBCA  [Polysorbate 80  NGF 2502 30 : scopolamine- | Reversed scopolamine-nduced amnesis) .4,

| induced amnesia. and improved recognition and memory.

Improved uptake to brain regions, namely|

Trimethytated | APPPS1 to cortex, paracoele, third ventricle and
FLOA chitosan | Coenzyme-Q10/ L 2 transgenic mice choroid plexus epithelium; 128
Reversed behavior performance.
APPIPS a:dlgl‘l spec.?ﬁciiy for AP plagues both in vitro!
$ ; transgenic mice 2140 VIV 9 |
Amyloid affinity odel: Higher brain retention and uptake of
BCA |Polysorbate 80 drug *- 505 - Moaos \nanoparticles in AD mouse models; (28]

Mice injected with |"p 1 icing delivery vehicle in vivo for

aggregated ABA2 |coe o1 By o PET () amyloid imaging|
peptide lagent.

clioguinot

BCA. n-butyl-2-cyanoacrylate: NGF, Nerve growth factor; PBCA, Poly(n-butyl cyanoacrylate); PEG. Polyfethylene glycal); PET, photon emission tomography;

PLA, Polylactic acld), PLGA, poly{lactic-co-glycolic ackl); SPECT, single photon emission computerzed tomography.

Saraivaetal 2016:Nanoparticle-mediated brain drug delivery: Overcoming blood—brain barrier to treat
neurodegenerative diseases
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Drug delivery

A Healthy Parkinson's disease

B

Nanopar.hcle Target Therapeutic | Particle size | Zeta potential Model Romarks Reforonoe
material ligand agent (nm) (mV)
EhdiidesaRine Increased dopamine levels and reduced
PLGA - Dopamine [119.70 + 2.69|-2.660 + 0.036 yaroxycop: dopamine-D2 receptor supersensibility; [151]

-injected rats Prevented dopamine-associated toxicity.

'6-hydroxydopamine-

196 + 10.1 | 29.35+3.27 Improved locomotor activity, reduced| [155]

PAMAM Lath,oEfgrnn; hGDNF gene T Roigj\:::gnr-:ge d dopaminergic neuronal loss and enhanced-
196 £10.1 | 29.35+3.27 L ) monoamine neurotransmitter . [156]
Improved apomorphine-induced rotation
Lactoferrin; 6-hydroxydopamine- test results;
PLGA : Urocortin ~90 ~-24 i P! Higher tyrosine hydroxylase imunoreactivity|  [157]
PEG -injected rats : 3 5
and dopamine content in the lesioned
striatum.
PBCA Polysorbate |\ qp 250+ 30 . MPTP injected mice| ¢duced basic symptoms of Parkinsonism:| 1,4,
80 oligokinesia, rigidity and tremor.

hGDNF, Human Qlial cell line-derived neurotrophic factor; MPTP, 1-meth)}l-4-pheny|-1,2,3.6-letrahydropyridine; NGF, Nerve growth factor; PAMAM,
Poly(amidoamine); PBCA, Poly(n-butyl cyanoacrylate); PEG, Poly(ethylene glycol); PLGA- poly(lactic-co-glycolic acid).

Saraivaetal 2016:Nanoparticle-mediated brain drug delivery: Overcoming blood—brain barrier to treat
neurodegenerative diseases



2UTIEPOAOUOTLKAL. ...

o H avartuén véwv pappdkwy yla tn Bepareio VEUPOAOYIKWY TIABNoEWV
TIOPOUOLALEL CNUOVTLKEC TIPOKANOELG TOCO YLaL TNV aKadnUaik 000 Ko TV
bAPLLOKEUTIKA KOWOTNTAL.

o Ta vavoowportidia daivetal va ovolyouv VEEC TIPOOTTTIKEC otn Sldyvwon
Ko tn Beparteia veupoAoyLKwv TTABNoEwWV.

o Amoutouvtal TEPIOOOTEPEC MEAETEC Vi Opotal Onmwe: o TPOTOC TtoU

Slartepvouv ta vavoowpotidla tov AED, n emidpaocn Twv VaVOoWHOTIOIWY
oto KNZ otav dlamepacouv tov AED kal n Toélkotnta .
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20C EUXOPLOTW VLol TNV ITpoooxn oac!




