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Nanoparticles in radionuclide
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Cancer treatment

Treatment often depends on type, location and staging of the tumor

CANCER @
HORMONE
THERAPY TREATMENT IMMUNOTHERAPY
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% RADIATION
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EB: ! TARGETED
W ' %} THERAPY

CHEMOTHERAPY

Radiotherapy includes
radionuclide therapy
and external radiation
(beam) therapy

Targeted therapy
includes also some
radionuclide therapies
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Background

Targeted Radionuclide Therapy (TRT)

Prostate
cancer cell

]
TUDelft

» Radionuclide: a, 3, Auger electron

» Linker/Carrier: a chelator, nanoparticles,

microspheres

» Targeting moiety: Antibody, peptides, inhibitors

https://www.sunwaycancercentre.com/en/targeted-radionuclide-therapy

Therapeutic radionuclides: types

* Alpha emitters
+ Beta emitters
* Low energy electron emitters

Decay Energy Range LET
(keV / pm)
a 5-9 MeV 40 - 100 pm ~ 80
B- 50 — 2300 keV | 0.05 - 12 mm ~0.2
AE/IC eV —keV 2-500 nm ~4-26
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Nanoparticles for medical applications

Polymeric
Palyme rsome Dendrimer

Folymermicelle  Nanosphere

* Precise control of particle
characteristics

= Payload flexibility for hydrophilic
and hydrophobic carge

* Easy zurface modification

= Pozsibility for aggregation
and toxicity

]
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Inorganic

Silica NP Cruantum dot

Iron oxide NP Gold NP

* Unique elsctrical, magnetic and

optical properties

* Varisbility in size, structure

and geomet

Ty
= Well suited for theranostic

applications

= Toxicity and solubility limitations

Lipid-based

e f
Liposome Lipid NP

&J{ip

'.',? oil
CrEInY

Emulsion

= Formulation simplicity with

a range of physicochemical
proper ties

« High bioavailability
* Payload flexibility
= Lowencapsulation

efficiency

s

Application of nanomedicine:

« Cancer imaging
» Cancer therapy
« Combination therapy

* Immunotherapy
« Gene therapy
> etc...

Mitchell, M.J., Billingsley, M.M., Haley, R.M. et al. Nat Rev Drug Discov 20, 101-124 (2021).
Schroeder, A., Heller, D., Winslow, M. et al. Nat Rev Cancer 12, 39-50 (2012).

When to use nanoparticles in targeted therapy

If particles allow for:

+ Less side effects such as release of the radionuclide from its carrier

* Increase in efficiency

» Provided that there is no high uptake in sensitive tissues/organs e.g. liver

]
TUDelft
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Biodistribution of nanoparticles

I Journey of nanoparticles in vivo

Intratumoral Intravenously Gallbladder . . .
inection inection » Size (core & hydrodynamic diameter)
%\ » Surface charge
e Contact with blood Intestines —-
Diffusion inside tumor contents .
Days to months M Capplng m0|eCU|eS

i dw>5.5nm ¢ i H
Protein corona & + Hepatobiliary clearan ..
i (veradsee ¢ Hydrophobicity
Retained inside tumor Filter by MPS/GFM . DenS |ty

! Renal clearance

(kidney) ' . H H
L
bssom Targeting moiety
Extravasation from Fotrs tofdays
Tumor control e b Renal clearance e etc

Passive targeting (EPR effect)
Active targeting

Tumor control

Cheng, P., Pu, K. Nat Rev Mater 6, 1095-1113 (2021).

Factors influencing nanoparticle biodistribution
Nanopareticles a Hepatobiliary clearance
drug, radionuclide, etc.. .
@ v« Material

Du, B., Yu, M. & Zheng, J., Nat Rev Mater 3, 358-374 (2018).

Ploiennclogy  First paper reporting nanoparticle renal clearance (2007)

Renal clearance of quantum dots

Hak Soo Choi', Wenhao Liu?, Preeti Misra!, Eiichi Tanaka', John P Zimmer®, Binil Itty Ipe?, Bowman’s space Q
Moungi G Bawend#® & John V Frangioni'? Eodie 3 Q‘ T
QDs15 QD534 QD554 QD564 QD574 glycocalyx Q W LE Inorganic nanoparticles HD (nm)
(4.36 nm) (4.99 nm) (6.52 nm) (6.70 nm) (8.65 nm) ‘ I_ _I
3 P& 4-11nm
11
Podocyte ——£ ) m m [] f:\ 0 %65 26 12
Glomerular. 70-90 nm - Pore Sim -
basement ﬁ\,,‘_rﬁ— e Sl

pox Renal-clearable macromolecules R, (nm)

o
Bk @ Q 555 24 <17

Blood vessel

membrane |7 B 3 AN S

, ‘[ndothelial
Endothelial cell P glycocalyx

Glomerular filtration

H"‘

Soo Choi, H., Liu, W., Misra, P. et al. Nat Biotechnol 25, 1165-1170 (2007)
T U Del t Du, B., Yu, M. & Zheng, J., Nat Rev Mater 3, 358-374 (2018).
Cheng, P., Pu, K. Nat Rev Mater 6, 1095-1113 (2021).
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Renal Clearable NP & Radionuclide therapy

HD<5.5 nm

W

Fast clearance from body:

Fast renal Tumor
clearance accumulation , Pro:

@ r Low toxicity to healthy organs

.(

©

&

Con:
Low tumor uptake

Function of nanoparticles in RNT: @

» Radionuclide carrier » Fractionated doses
* Radiosensitizer + Active targeting

]
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ACS Appl. Nano Mater. 2022, 5, 8680-8709

Criteria of NPs selection

* dy<56.5 nm

* Nol/low protein absorption

+ Biocompatible

+ Possibility of surface modification (targeting moiety, dye, drug, etc.)
+ Imaging if possible

* Radiolabeling

+ Simple synthesis and good reproducibility (for GMP)

Gold, silver and platinum

]
TUDelft

10



28/04/2025

Radiolabeling of nanoparticles

ewe) - O » Chelation
09000 + 1 —> 30000

QUIIIV 3% 20 000

Q09 o 000

» Surface adsorption

0 0%, 00

w00 Saoo * Encapsulation
e DIIA)
P Q00
* Radionuclide doping
000D . SOOH.
00000 + T —> oooob * © + Cation exchange
QU 3% QLYY
QLY &N QY9
» Bombardment by neutrons or protons
f 9 \)»Md
00003 —> 00000
QUIID DO IND
DO Q09

]
TUDelft
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In vivo radionuclide generators
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166Dy /166Ho generator

» 186Ho is used in radionuclide therapy

» Avradionuclide generator of '¥Ho more beneficial

« 188Dy (t,,, = 81.5 h) provides 3 times longer half-life
time than "%6Ho

- 166Dy/166Ho in vivo generator

N. Klaassen et al. EINMMI Radiopharmacy and Chemistry. 4. 10.1186/s41181-019-0066-3.

13

166Dy/166Ho and internal conversion

Auger electrons

a 66
'*Dy ts=81.6 h Internal photo electrnn effect __.__»7/

Compton effect \ /
426013 '

L I V/(426.00 keV, 0.58%) . '\%Chjgensmx \ray
824716 = N N
V2(82.47 keV, 13.8%) /é)j p
P : : :
Y(80.57 keV, 6.56%)

t2=26.8 h
stable Nucleus K L M

Internal conversion ~ 72 %

2000 b (isomer)

16613+

[o} o o} o} o}
HO /_\ OH B HO N/_\N OH HO /I_\/ OH
[mw ] , [‘%;z ] [
HO OH  |nt | HQ o OH HO OH
7 DA G SIS OH s
TUDelft e

b |MW%-‘WD;' %.woy Internal conversion — Auger cascade — lon (Ho) with high positive charge

14
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Au based nanoparticles as carriers for 106Dy/166Ho

HAUC, A

(H,PtCl,) AC

CTAB ¥ NaBH, /gcorbic aqd — Purification— Characterization
S

A(165Dy)=134~622 kBq

for each sample
HCI
166Dy203

I\I:J);:Jttr):)?\ CTAB-DyAuNP
capture seed
164Dy, 0,4 e T
. d~5nm
909 hed
(90% enriched) CTAB-PtDyAuNP
d~3 nm

15

Results: Physical properties of DyAu@AuNPs

b

Incorporation of Dy content had little
influence on the size of AuNPs

Control

d~4.9 nm
Scale bar=20 nm

16
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Results: 166Dy radiolabelling efficiency

166Dy Au@AuUNP 166DyPtAUNP
a 100+ b 100
S S
> 80- > 80 n.s.
g Lo g wlia
£ 60 — — =1 £ 60
® @
o )
= c
S 40+ 2 40+
a 2
3 3
§ 20 ms' 204
0 T T T 0 T T
1:3 1:5 1:10 1:3 110
Dy:Au (n/n) Dy:Au (n/n)
17
Results: 196Dy and 1%°Ho retention
a 166DyAu@AuNP b 166DyPtAUNP
100 100
% SDM % gg{\zx
166HO E ® - 13 :.E 5 - 13
é su;‘ - 15 é 501 = 1:10
% = 1:10 3
thn 24 a8 72 o 28 a8 72 2-5 mM DTPA

(1]

Incubation time (h)

166Dy

Dy-166 retention (%)

100
sn] ; ! <i
80
i [ - 13
50 - 1:5
- 1:10
o T T T
0 24 48 72

Incubation time (h)

Incubation time (h)

d
100
£ g0
s
= 80
4
3 - 1:3Pt
g s0- - 1:10 Pt
©
>
&
] T T T
0 24 48 72

Incubation time (h)

37 °C
72 h

18



28/04/2025

Why is 16Ho retained?

= Retention of 166Dy:
Incorporation into the lattice structure of AUNP

= Retention of '%¢Ho:

1) Incorporation into the lattice structure of AUNP
2) High amounts of free electrons in AUNP

3) High affinity of Au to electrons from environment

19

Same concept can be applied to other in vivo
generators — %1“Phb/?1“Bi generator

20

10
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. 212Ph/212B] in vivo generator

Targeted a-Emitter Therapy with 2'2Pb-DOTAMTATE for the

Treatment of Metastatic SSTR-Expressing Neuroendocrine Tumors

o 02
0.14 029
. 013 018 212 - | 212@; - |212
= 012 » e = o Pb ‘3 > Bi B > Po
. 047 .64 L 9
. ks oo 10.64h 606min | 4% | 03ps
Y : 0.15
a. 8 0.0 S al 36% a
] 0.09 013 y W
-5 ‘ \. { 012
T - 008 LB b5 208T| | B |208pp
0.07 010 >
e o0 3.10 min stable
0.0&
008 007
0.04 0.05
005
0.02 004
o0z | 0.03
oo
om oot
o 0~
Delpassand ES et.a;. J Nucl Med. 2022 Sep;63(9):1326-1333.
21
10.64 h
)+
Radiochimica Acta 60, 1—10 (1993) T 212pp
© R. Oldenbourg Verlag, Miinchen 1993 — 0033-8230/93 $ 3.00+0.00 82
QB—=573'7
5
PR
GAS 573
212 ,,;!@%?
The Chemical Fate of 2'*Bi-DOTA &;‘u»ﬁ—————“ﬁ-
Formed by p~ Decay of 212Pb(DOTA)? ™ *-** 5AT% 54,100 WO wé‘ 415272
8
. 338
By Saed Mirzadeh !-2, Krishan Kumar? and Otto A. Gansow ' — _.";?‘/"”V—g
Chemistry Section, Radiation Oncology Branch, National Cancer Institute, National Institutes of Health, Bethesda, MD 20892 a25% 25-5?2m g: é’@- .,, 4=0.84
(Received August 30, 1991; revised March 2, 1992) — [_..b_——_— "
gps 200 S 115.183
L123% 68, 10 g

212Ph-Pretargeted Theranostics for Pancreatic Cancer

.
David Bauer, Lukas M. Carter, Mehamed |. Atmane, Roberto De Gregorio, Alexa Michel, Spencer Kaminsky, Sebastien Monette, Mengshi Li, Michael K. Schutz and

Jason S. Lewis *

Journal of Nutlear Medicine November 2023, jnurned. 123.266338; DOI: https:/idolorg/10.2967 inumed 123266388 .

]
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212p: 6055m
g3Bi

Internal conversion%=a/(1+a)=0.84/(1+0.84)=45.6%
Branching ratio=82.5%
In total: 45.6%%*82.5%=37.6%

40% released from chelators

15 % in vivo
Uptake of Bi in cells reduces loss

22
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Silver and gold nanoparticles as carriers for %12Pb

Pb-GSH-Ag,TeNP (2.1  0.3) Pb-PEG350-AuTeNP (3 * 0.9 nm)
b b

d=2.7 £ 0.6 nm

30 dy=4.5 % 0.9 nm

Number %
w
i

@
a
1

L :

Hydrodynamic diameter (nm)

1 10
Hydrodynamic diameter (nm)

]
TUDelft
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Radiolabeling efficiency and retention of %1?Bi

RE%  RCSZ"’Pb% RCS*"’Bi%

RE% RCS% 24 h RE% RCS%4h RCS% 24 h
22py.Au@AuNP

212ph.PEG-AUNP 212ppGSH-Ag,TeNP

Excellent retention of 212Bi on all particles

]
TUDelft

R. Wang, H. Wolterbeek, A. Denkova, Journal of Labelled Compounds and Radiopharmaceuticals, 2024

24
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Possible mechanism :

+ Solidify
* Introduce to electron rich environment (high Z)

660 650 640 630 620 610 600 590 580 570 560

80mBr: internal conversion coefficient=300

TaBLE [
Concn. of complex, % re-
Complex A tention
Co(NHg)Br+? 0.01 [
[Co(NHgBrJ(XOs):  (solid) 14
PtBrs~? 0.00166 52 52
0.00056 70* 53
0.0005 with 0.003 M NaBr 54
(NHy):PtBrg (solid) 100

a Possibly some photocatalyzed exchange.

]
TUDelft

Adamson AW, Grunland JM. J Am Chem Soc. 1951;73(11):5508.

A. Pronschinske, P. Pedevilla, et al., Nat Mater 2015, 14, 904-907.

transmutation.
a

Binding energy (eV)

Figure 3: Electron emission from radioactive 251

Electron flux (a.u.)
e
(‘n'e) QOZX XN} U0

u i —— 7“’%
0 5 10 15 20 25 300 400 500 600
Kinetic energy (eV)

a, Representative electron emission spectrum shows that, in addition to the expected electron
capture decay process Auger peaks at 480 eV (intensity x200), a multitude of low-energy (0-20 eV)
electrons are emitted from the 21/Au film. b, Schematic of electron backscattering from the metal
film (bottom) that leads to sixfold enhancement of low-energy electron emission compared with
atomic 21 (top). Each square represents the average emission of L electron per decay with kinetic

energy <10 eV (ref. 3).

25

Nanoparticles as carriers of Auger emitters

26
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Penetration of nanoparticles inside cell nucleus

2 nm Au-TIOP

o
a .
Z!
o
Q
i
3
5
H]-
c
©

10 nm Au-FITCNPs 6 nm Au-FITCNPs_ 2 nm Au-FITC NPs

10 nm Au-TIOP NPs

L] B
° .

ACS Nano 2014, 8, 6, 5852-5862

16 nm Au-FITC NPs.

]
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WIn - properties
"n is used nowadays as a SPECT radionuclide for diagnostics

14.7 AE per decay HD<5.5
<3.3 nm

&

Fast renal Tumor .
clearance accumulation z
'

Auger electrons

LET: 4-26 keV/um

]
TUDelft

28
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11]n-GSH-AuNP & 'In-GSH-Ag,TeNP

Au
HAuCL J:;‘ §;J§M wﬁ‘;’ § s ) nl:‘ i e |
+ 1) RT, 5 min ";J'J:.F {“«M p-SCN-Bn-DTPA ":?,J.’. Q‘:«:( i “:3.’ & o S 0
_ —_—
2)90°C, 35 min PH 8.8-9.0, 5 0.2 M HEPES, pH 7.0 H
L-GSH {5:‘ 37°C,2h ,5:‘ 37°C, 1h £y 8 N N\)]\O@
ot 25 m H
NH, o
GSH-AuNP DTPA-AuNP Mn-DTPA-AuNP
Glutathione
5§s ; if
e S Ee
NaHs p-SCN-Bn-DTPA i
N — N, I S
L (:{SH ice bath, 5 min <" ¥t 5 PH 8.8-9.0, N:";g -ﬁ"" 02 M HEPES, pli 7.0 “:';fg -z;:;M
Na:TeOs e 37°C,2h 21 37°C, 1h
GSH-Ag:TeNP DTPA-Ag.TeNP "n-DTPA-Ag2TeNP

AuNP ‘ AgTeNP amL-GSH ( DTPA 4 "In

R. Wang, H. Wolterbeek, A. Denkova, manuscript in preparation

29

GSH-AuNP & GSH-Ag,TeNP physical properties

[+
dy=2.1+ 0.4 nm ‘;: &
£ o
£
S 0.6+
GSH-AuNP £
]
d=1.9 nm | \L‘ FA
dH=2-1 nm ’ 10 2 0 400 500 600 700 800
Hydrodynamic diameter (nm) ‘Wavelength (nm)
f
dp=2.5+ 0.1 nm i i
go.!
GSH'AngeNP _E 0.6
d=2.1 nm ;°:
d,=2.5 nm / £
S —
10 300 400 500 600 700 800
Hydrodynamic diameter (nm) Wavelength (nm)

P
TUDelft

30

15



28/04/2025

GSH-AuNP & GSH-Ag,TeNP radiolabeling

NP:"1n=100:1

RCY 24 h RCS

a b

= 100 F

E‘ 804 2 100

8 3

£ 0 8

3

£ 401 ‘E 507

[} @

£ 5

o 207 2

- °

£ o & ol

DTPA-AUNP  DTPA-Ag,TeNP DTPA-AUNP  DTPA-Ag,TeNP

DTPA:NP=~1

P 0.2 M HEPES pH 7.0, 37 °C, 1 h
TUDelft PD-10 column, PBS as eluent

RCS>95%

31
Cell experiments
A 2D Cell Culture B 3D Cell Sﬂtl.lrﬂ
e— woer /g Viability assay

Cell-ECM
interactions.

Uniform distribution of
molecules, O; and chemotherapetic agents

o natural cell-cell and cell-plastic
interactions

Differential Ny

drugs exposure in layers g ~ Nutrients and
et 0, gradient
== >
(8 Prolferative cells
Quiescent cells
@ Hypoxic cells

—— Extracellular matrix ECM,

]
TUDelft

Salinas Vera. Frontiers in Oncololgy 2022

Days

Size (volume) assays

Colonies assay — cell
survival

32
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In-GSH-AuNP & In-GSH-Ag,TeNP cell experiments

a b
ns e ns
£ 1001 g
£ £
= £
£ = g
o
[} 10 100 1000 . .
[GSH-AUNP] nM [GSH-Ag;ToNP] nM NPs are biocompatible w/o DTPA
c d
50 = 150 .

Viability (%)
Viability (%)

0 10 100 1000 ] 10 100 1000
[DTPA-AuNP] nM [DTPA-Ag;TeNP] nM

]
TUDelft
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HIn-GSH-AuNP & In-GSH-Ag,TeNP in vitro exp. 2D uptake
a b c
s "Mip.DTPA - 50nM = 10nM - = Wip.DTPA 50 nM
e 1.54 - 10 nM = 100 nM .;; 8- 50 nM EW = 10nM == 100 nM
2 b * =100 nM [
2 10 ARk = 6 2
El 3 > 40
AuNP B i 5 4 H b
29 g 2 = :E 2
2D: 0.8% - . i £
Nucleus: 49.8% nos &5 = o o5 it n e bk
Incubation time (h) Incubation time (h) Incubation time (h)
d e f
0. 1. m,
= "in-DTPA = 50 nM = "MipDTPA © 50 M
-~ == 10nM == 100nM & 08 g == 10nM == 100nM
Ag;TeNP £ Zas g
2D: 0.15% S o g oe E
Nucleus: 23.6% & 202 £
0.0 0.0
4ah 24h 4ah 24h 4h 24h
,‘ Incubation time (h) Incubation time (h) Incubation time (h)
TUDelft

34
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FITC-Ag,TeNP confocal microscopy

NP

Nucleus+ NP

Nucleus+ NP + Cytoplasam

]
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WIn-GSH-AuNP & MIn-GSH-Ag,TeNP in vitro exp. 3D uptake
a b
= M10DTPA = 50nM e =10 M
- == 10nM == 100 nM S s 50 nM
P " - & =100 M
AINP  Fuo ‘ = | £°
u L2 N o &
3D: 0.6% foal | ] = A T
£ ) g % .
4h 24h ah 24h
Incubation time (h) Incubation time (h) Tumour Spheroid
c
1.
"n-DTPA 50 nM N ™ 10nM
Ag,TeNP  cos] = 1ot == t00mu 2 50 M
2 ; 2 = 100 nM
3D: 0.17% 2 064 exr . s
5 . v 5
_'—5 04 [ ‘ i ‘ g 1 T
Z 02 ] = :f =
(; z
4h 24 h 4h 24h
T U De | ft Incubation time (h) Incubation time (h)
36
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WIn-GSH-AuNP & 'In-GSH-Ag,TeNP in vitro exp. toxicity

Incubation time (d)

b
. i "in-DTPA-AUNP | "in-DTPA-Ag, TeNP
I ' ' *
= 100
2
ko]
g
2D ®
£ 50 1
s aan
4
5
]
a
o AuNP o Ag,TeNP
,.-,E- 0.3 i 0.3 ] -
— 3
E Ji E
3D g 0.2 g 0.2+
5 -+ Control E ~e- Control
° - M 5 = "nDTPA
2 044 In-DTPA = 044
-+ 370 kBq -+ 370kBq
-+ 1000 kBq - 1000 kBq
(; 0ol . : y 00— T T T
TU Delft 0 5 10 15 [] 5 10 15

Incubation time (d)

37
WIn-GSH-AuNP & In-GSH-Ag,TeNP in vitro exp. toxicity
200
= W% Control
£ == "n-DTPA
€ 150 e
2 == 1000 kBq ns
s T |
2 1004
g
3 504
o
>
"In-DTPA-AuNP ""'In-DTPA-Ag,TeNP
A Why there is no any difference between Au and Ag despite the much lower uptake of Ag?
TUDelft
38
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Take home message

» Nanoparticles can be used to retain radionuclides from being released, allowing in vivo
generators to be created

» The combination of ultra-small nanoparticles and Auger electron emitters provides a new path
on the design of radiopharmaceuticals

» With further modification of targeting groups while maintaining the small size, the radiolabeled
ultra-small nanoparticles hold great potential for theranostic applications.

]
TUDelft
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CTAB-AUNP + 166Dy/166 o

1.0
— Control
£ ;
HAUCI, 2 —
CTAC % 054 15
P NaBH, Ascorbic acid = )
T == 1:10
- 0.0+ i 1
HAuCI, DyAuNP seed DyAu@AUNP 1 10 100
uf uNP see Ui
CTAB DyPIAUNP Y Hydrodynamic radius (nm)
Dy** -
1007 d~5nm HD~20 nm
Dy:Au (n/n)= s
1:3, 1:5, 1:10 % 80+
1~ n.s.
2
E 60+ 100 100
@ = _
2 %95 § 95] p—— i |
= 40 2 2]
§ g %0 - 13 _g - - 13
> 20+ o - 15 > = 15
£ & m{ - 110 [ £ = - 1110
13 15 1:10 0 24 48 72 ] 24 48 72
TU Delft Dy:A ( , ) Incubation time (h) Incubation time (h)
y:Au (n/n

Wang, R., Wolterbeek, H., Denkova, A. et al. EJNMM/ radiopharm. chem. 7, 16 (2022).
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GSH-AuNP & GSH-Ag,TeNP physical properties
a b
g 3
5 1.0 GSH-AuNP — 0h & 1.0 GSH-AuNP — 0h
5 PBS 24h g 10% FBS 24h
"E — 48h g — 48h
g — 2h s — 72n
2 05 £ 0.5
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8 8
E E
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TUDelft
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PEG-AuNP physical properties
;:- il 55n"‘1'-:i\')}\: % 1.0+ = ::h
£ i 3 —
B o2 = 2 054
2 R b1
- £
-0 T T T T Qa0
300 400 500 600 700 800 - C‘l 2'4 .'8 7’2 =z %00 deo.  ‘Eod  e0: op 8
d — . e Wavelength (nm) Incubation time (h) Wavelength (nm)
30 =4.3 £ 0.8 nm it A.4mV
d=1.9nm
T 240 dy=4.3 nm
‘E H Neutral surface
= 104 A No SPR peak
Highly stable in PBS and 10% FBS
1 10 -200 100 0 100 200
rodynamic diameter (nm) Zeta potential (mV)
TUDelft
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DTPA-AuNP & DTPA-Ag,TeNP physical properties
a b a
= [
0 dy=2.5+ 0.1 nm K -
5% 0
% 201 % 0.6 ]
] 2 S
DTPA-AuNP & 5 0ad 3
hy 5 oz _f!; -30
[ N
L1 ZE 0.0 T T T T -40 T T
1 10 300 400 500 600 700 800 GSH-AuNP GSH-Ag,;TeNP
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c d _ 0
30 dy=2.9 + 0.6 nm ;, b % -10
é 0.8 E
DTPA-Ag,TeNP E 201 5 08 .g 20
5 N é 0.4-] fé 30
S 0.24
i 5 00 . : : . DTPA-AUNP DTPA-A:ngeNP
1 10 300 400 500 600 700 800
3 Hydrodynamic diameter (nm) Havelenin dy, of both NP increased 0.4 nm
TUDelft after DTPA conjugation
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125] radiolabeling

4]
o

100+

3
o
1

@
o
1

50+

Radiochemical stability (%)
B

125 radiolabeling efficiency (%)

iTLC Ultrafiltration

]
TUDelft

100 4 i i
- PBS
- 10% FBS
20
0 T T T
0 24 48 72

Incubation time (h)

RCY>95%
RCS>90% over 72 h
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125]-PEG-AuNP in vitro studies

Viability (%)
g

1 10 100 1000
[NP] (nM)

Biocompatible

2D uptake: time and concentration dependent
3D uptake: concentration dependent
15%~20% internalized NP found in nucleus

~0.06% uptake in 2D
e ~0.4% uptake in 3D
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NP in cell nucleus (%)

4h 24h 4h 24h

]
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30% in nucleus
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Viability %

1251-PEG- AuNP in vitro studies
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