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Transport 1éCiva

Table 3

Rezistence a detekovatelnost
nanoformulace

Novel technologies for drug delivery.

Technology Application

PEGyltion o the drug or to mask it from

Bioadhesive polymers Promote the diffusion of different drugs between intestinal cells

Chemical [ p ugates i Gl drug absomtion via the normal vitamin B absorption pathway

Novel transdermal patches  Using two different physical and ultrasound) the p of db the
skin is improved

Microparticulation Inclusion of a peptide within a microparticle has a wide range of applications including long-term secretion of

the therapeutic product, chemical and physical protection, targeted administration of the drug, vaceination,
cellimmabilization, gene therapy and so on

Nanotechnology By reducing the size of the particle o less than 100 nm, improved uptake by the cells is achieved.
Application for targeted drug dalivery and gene therapy
Microfabrication The combination of microtechnelogy and biology for the controlled administration of one or more drugs

Gl, gastrointestinal; PEG: polyethylene glycol.

Current Opinion in Biotechnology 2003, 14:658-664

nemodifikované nanocastice rychle odstranény makrofagy

obaleni PEG — brani nespecifické adsorpci NP na povrchu
makrofagul

detekce mnozstvi nano¢astic v cilové tkani

« fluorescencni ligand (fl. nezavisla na vnéjsich podminkach) —
detekce fluorescenénim mikroskopem;

* NP a elektrondenznich materialt — anorganické NP
(kovové/polovodivé/dielektrické), magnetické NP — detekce
elektronovym mikroskopem;

» magnetické nanocastice — zobrazovani magnetickych nanocastic
(MPI), nuklearni magnetické zobrazovani (MRI);

ligand pro aktivni cileni

Cileni
(Receptor Mediated Endocytosis)

Re nd -
aato s

Cileni
(Targeted Drug Delivery — tumor cells)

http://www.biomedlifesciences.com/




Cileni
(Targeted Drug Delivery — tumor tissue)

T e |

T Lammers, WE Hennink and G Storm, Tumour-targeted nanomedicines:
principles and practice, British Journal of Cancer (2008) 99, 392 — 397

Nosice léciv
(Drug Delivery Systems)

Them. Soc. Rev,
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Chem. Soc. Rev,, 2012, 41,2971-3010
Nosice 1éCiv
(Drug Delivery Systems)

Lposomes Targeted PEGylated liposomes Do Abeaxane CALAAOT BINDO14

B B

Controlied Dendreners PLGAPEG NP5 Forumaxide Genexol-PM SEL-088

g nanomedicine firsts. Liposomes.” controled release polymeric systems for m
2 first FDA approved i (DOXIL)." long circulating poly(lactic
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Cileni

pasivni (velikost NP; EPR efekt)

aktivni (modifikace povrchu NP protilatkou, ligandem, ...)

vnéj§im polem (magnetické)

1. Pasivni cileni
(tkanové nadory)

EPR efekt (Enhanced Permeability and Retention factor)

Healthy tissue @i% %:.’ Lymphatic drainage

Nanoparticles
— 0 @ [ ® o Blood

Tumor tissue

Nanoparticles

FIGURE 7 Schematic representation of passive targeting of nanoparticles by enhanced perme-
ability and retention effect. Source: From Ref. 87.

EPR efekt

(Enhanced Permeability and Retention factor)
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Schvalené nanoformulace pro 1é¢bu rakoviny

Table 1 Approved anticancer drugs using nanocarriers*

Trade name/compound Manufacturer Nanocarrier

‘Aoraxane/ pacitacel ‘Abrass Biosciences Albumin-bound paditacel
Bexcar/ant-CD conjugated to iodine-131 Carba/GlaxoSmithkline Radioimmunoconjugate
DaunoKome/daunarubicin Diatos {available in France) Liposome.
DoxilCaet/doxorbicin Ortho Botech Liposome.
Myaset/dororubicin Cephalon favailable in Europe) Nonpegyhated fiposome.
Oneaspar/PEG-L-asparaginase Erzon Polymer-pratein conjugate
OntaklL-2 fused to diphtheria toxin Esal Inc immunotaxic fusion protein
SMANCS/zincstatin Yamanouchi Phamma Polymerprotein conjugate
Zevalin/antiCD20 conjugated to yirium-50 Cell Therapeutics nc Radiommuncconjugate
Zoladewgaserelin acetate AstraZeneca Polymer rods

PEG, polyethylens glyeol L-2, interlukin 2 SMANCS, styrens maleic anhydide neacarinostatin, Reproduced by permission © Jain Pharmafiotech.

Jain BMC Medicine 2010, 883
hittp:/ /www.biomedce rtral.com/1741-7015/8/83
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Nanoformulace pro 1é¢bu rakoviny
v klinickych testech

Pulymeric
congates

" Approsea
Pacinasel o™ Pty adipote) €11 Bopsamms e manesnance

Polymerls  Facieand ‘Ceneaul U™ Samyang Bophamaceatials
melles

re—

J.I. Hare et al. / Advanced Drug Delivery Reviews 108 (2017) 25-38

Ptiklad: doxorubicin

anthracyklin
doxorubicin HCI i.v. jako roztok
v NaCl

rychla distribuce

pomala eliminace (enzymaticky
rozklad)

interkalace Doxo do DNA,
inhibice topoisomerasy I

2. Aktivni cileni

Povrchové modifikace nanoéastic pro TDD:

reakce ligandu s povrchovymi reaktivnimi skupinami (nevyhoda —
nedostate¢na konverze, vedlejsi reakce)

pfiprava NP z prekurzoru ligand-monomer (nevyhoda — vliv na
mechanismus tvorby NP)

inkubace prekurzoru ligand-monomer s pfedem vytvofenymi NP —
ligandova vyména

Povrchové modifikace pro TDD

monoklonalni protilatky, jejich fragmenty
kratké peptidy (RGD, CREKA, ...)
oligonukleotidy
kyselina listova

lektiny

hydrofilicita (polyethylenglykoly, PEG)

Drug crystaliized —
n aueous fluid

Lipid bilayer

st
drug  bilayer
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Chem. Soc. Rev., 2012, 41, 2971-3010

Povrchové modifikace pro TDD

Table 2 Examples of preclinical targeted polymeric nanoparticles

Physicochemical Characteristics Drug/Disease or
Material (Size. otential Targeting Strategy Indication
Chitosan 200 nm, +40 mV RGD: Charge siRNA Cancer
Chitosan-PEG 150 nm. +16 mV Xntbody Caspase inhibitor
—_— peplide Stroke
Polylcaprolactone) and 25-200 nm Passive Various

polytethylene glycal) o
~dimethylminojethyl

te)
(Allylosy); cucurbit[6juril polymer 70-90 nm Triggered; Reducing Cancer
environment sensitive
Cyclodextrin polymer 100-150 nm, +15 mV Transferrin DNA (Cancer
Acetal modified dextran 250-300 nm, ~5mV 10 +12mV 9 Various
DNA 410 nm Passive Various
Elastin-like polypeptides 20 nm Dosorubicin/Cancer
60 nm Cancer
Gelatin 250-300 nm, ~20 mV Antibody antiCD3 mAb/Cancer
polyl f-amino esters) 200 nm, —5 mV RGD i \-
Heparin 60 nm, —16mV Small molecule; Folate
Hyaluronic acid 250-400 nm Intrinsic — an
acid-ceranide, 110-140 nm, ~20 mV Passive Docetaxel Cancer
lly modified 360 nm, +22 mV Charge Cancer
glycol chitosan -_—
Oligocthylene glycol 190 nm Reducing environment Hydrophobic drugs
pyridine disulfide nanogels sensitive

Povrchové modifikace pro TDD

monoklonalni protilatky, jejich fragmenty

kratké peptidy (RGD, CREKA, ...)

Liposomes
Protacte tayer
ofpoyothalyne,
ool

oligonukleotidy
kyselina listova

lektiny

hydrofilicita (polyethylenglykoly, PEG)

Drug crystailized
in agueous fluid

Lipid bilayer

Priklad: Aktivni cileni rakoviny

albuminu vs. receptor ,glykoprotein 60“
hyaluronova kyselina vs. receptor ,glykoprotein CD44*

biotin (vitamin H) vs. jeho receptory

kyselina listova vs. jeji receptory

aptamer A10 vs. specificky membranovy antigen prostaty (PSMA)
specificka protilatka vs. ristovy faktor (EGFR) i
peptidové sekvence vs. integrin

E. Pérez-Herrero, A. Fernandez-Medarde / European
Journal of Pt ics and Bi itics 93
(2015) 52-79

Priklad: Aktivni cileni rakoviny

NH
\ Q—J\ S N COOH
hyaluronova kyselina biotin

albumin

kyselina listova

aptamery
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TDD

delivery
Fundamental & Clinical Pharmacology 23
(2009) 263-269

Fig. 4: Image of cancer cell decorated with gold nanorods bound to anti-EFGR.
(M. El-Sayed, Georgia Institute of Technology)

Huang X., El-Sayed I. H., Qian W., El-
Sayed M. A. JACS 2006, 128, 2115-2120

Chem. Soc. Rev., 2012, 41, 2971-3010

TDD - protilatky

Antigen-binding

site \

Disulphide bridges
Protein chains

© www.science aid.net

TDD - funkcionalizace povrchu

~ PLGAFPEGFG ®  Targating ligand ® Therapeute

Q0 -
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Chem. Soc. Rev,, 2012, 41,2971-3010

TDD - funkcionalizace povrchu TDD - protilatky
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Fig.8 PLGA-PEG-RGD and PLGA-PEG-folate triblock polymers used 10 prepare targeted NPs with different surface ligand densities. Figure
taken from Valencia ef al**

15-20nm

Nat. Biotechnol. 2004, 8, 969-976.

Chem. Soc. Rev., 2012, 41, 2971-3010

Kombinovana terapie Kombinovana terapie

cileni + dvé a vice terapeutik cileni + dvé a vice terapeutik
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Targed transport PLGA-PEG-COOH
Immunoglobulin ' Immunotherapy

PLA-PL(IV)

‘ Nanoprecipitation

o w1 A

:::%f‘ﬂtw EDC/NHS ZMN% ()Q::iz
m..wj b A e é "m

() Pev)-monosuccinate Docetaxel (Dtx]) A\ A10-aptamer
{Hydrophilic Drug) (Hydrophobic Drug ) (Targeting Ligand)

Photodynamic therapy

Fig. 15 Strategy for co-encapsulating hydrophobic Dtxl and more
hydrophilic Pt(v)-monosuccinate prodrug on a single nanoparticle.
Figure taken from Kolishetti es i *
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Fototermalni uc¢inek
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membrane. Source: From Ref. 27

Fotodynamicka terapie (PDT)

mechanismus
a) Sensitizér + hv > Sensitizér*
b) Sensitizér* + 30, Sensitizér + 10,
¢) 10, + Substrat > Oxidativni rozklad
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Fotodynamicka terapie (PDT)
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Fotosensitizéry
o €3 ofo
s
5-amir(\i7§\ll‘\‘1::;c acid porphyrin chlorin phthalocyanine

weood  Eooch, Naco n
we |, anarer |4 n=0ws
rotoportyrin IX sodium porfimer
protoportyn (Photofrin)

tin ethyl etiopurpurin zinc phthalocyanine Iutetium texaphyrin derivative
(Purlytin) (Lutex)

Moduléarni systém

rozpustnost
a stabilizace |éciva

rozpoznani rakovinnych bunék,

~ vazba protilatky (pfip. radiosenz.),

. fotodynamicka terapie (PDT)
=

B terapeuticky ucinek

Modulérni systém

R=F, CD
M = Zn, Cu, Co, Ni

Administration of phatosensitiser

10
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Lokalizace safyrinového konjugatu v rakovinné a
normalni tkani mysi (ug fotosenzitizéru / g tkang)

IVer  tumour  jyng kidneys

Dood At speen prgin e e

Kral v, Davis J, A, Krdlova J, Synvtsva A, Poutkova P, Sessler JL, (2002) ) Med Chem, 45, 1073-78 |

Selectivity for cancer cells
Kral at al.: J. Med. Chem. 2003:
30 -300x accumulation in
malignant tissue

Experimental nw/au mouse - experimental day 10

Genova terapie

Dédiéna onemocnéni (cysticka fibréza)
Rakovina

Autoimunitni onemocnéni: rheumatoidni
arthritida

Exprese gentli

« jakou RNA, jaky protein dany usek
DNA kéduje

Teraapie zaloZzena na mechanismu exprese

genu:

« potlaceni exprese genu (antisense therapy)

* nahrada mutovaného genu

« zesileni imunitni reakce vuci poSkozenym burikam

11
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Néhrada mutovaného genu Zesileni imunitni reakce
« dodani funkéni verze f 6 « stimulace imunitni reakce proti vybranym burikam
tladujici =
e A4

Tumou cell

p53) sy / W;{ « omezeni cévniho zasobeni (rakovina)

Nature Reviews Cancer (2001) Vol 1; 130-

Strober et al. J Clin Invest. 2007;117(3):514-

Kritéria genové terapie Kritéria genové terapie

O Efektivita transportu aent do cilovvch bunék.
tkang, celé et s

% »;mm DN injected
q

O Efektivita transportu genud do cilovych bunék,
tkané, celého organismu (zpUsob podani)

OJakou mirou a jak dlouho bude dochazet k
expresi dodaného genu

Vector binds to
cell membrane

O Specifita transportu a terapeuticka davka
podavaného genu

OMira nezadouci imunologické reakce na

4

U.S. National Library CRACRISHS

12
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Genova terapie

TDD - souhrn

vloZeni genu do transportéru

ochrana genu béhem transportu, endocytéza
transport do jadra

uvolnéni aktivni formy genu

H>w DN e

~VEKTOR*

Trojsky kur umoziuijici transport cizi genetické informace
do cilové buriky

ocekavané prinosy

o zvySeni Ucinku/snizeni terapeutické davky

o prodlouzeni terapeutické aktivity (zpomaleni uvolfiovani)

o snizeni vedlejSich ucinku (Iécivo uvniti transportéru, nizsi davka)

aktivni cileni

o biomarkery na povrchu bunék

o na povrchu nano¢astice (transportu) ligandy s charakteristickou
bioafinitni interakci s biomarkery

pasivni cileni (rakovina — tuhé nadory)
o EPR efekt nanocastic
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