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Stealth polymers in nanomedicine

↑ Blood t1/2

↓ Toxicity 

↓ Immunogenicity 

↓ Reticuloendothelial system 

(RES) scavenging 

JV Jokerst et al, Nanomedicine., 2011. SA Gaballa et al, J. Pharm. Sci., 2024.  ASA Lila et al, J. Control. Release., 2013. 2

Polyethylene glycol (PEG)

• Anti-PEG immunity

Anti-PEG IgM and IgG 

(pre-existing and induced)

• Hypersensitivity

Complement activation-related 

pseudo allergy (CARPA)

• Accelerated Blood Clearance (ABC) Phenomenon
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Alternatives to PEG

Polysarcosine (pSar)

Polyethylene glycol (PEG)

• Anti-PEG immunity

Anti-PEG IgM and IgG 

(pre-existing and induced)

• Hypersensitivity

Complement activation-related 

pseudo allergy (CARPA)

• Accelerated Blood Clearance (ABC) Phenomenon

Uses:

• Drug delivery – liposomes, polymeric micelles, 

conjugates

• Gene delivery

• Non-toxic • Non-immunogenic • Biodegradable

Liposome concentration in plasma

PEG pSar



RM England et al, Biomacromolecules., 2020. 4

Dendrimer core

G5 poly(L-lysine) (PLL)

Polysarcosine (pSar) stealth layer

Drug

Polysarcosine star dendrimer drug delivery platform

PET/CT

Three drug-free pSar star dendrimers for bioD/PK study

Immunocompetent healthy mice

• Study the effect of pSar chain length on:

Aim:

• Biodistribution • Pharmacokinetics • RES uptake

Immunocompetent tumour bearing mice

• Quantify tumour accumulation

• Study effect of disease burden on:

• Biodistribution • Pharmacokinetics • RES uptake

Small

SD28

Medium

SD56

Large

SD100

9.2 nm 14.1 nm 18.4 nm



Zr-89 radiolabelling strategy

Unpublished 5

Data represent the mean ± SD (n= 3). 

1.

2.

[89Zr]Zr-oxalate, 

HEPES, pH 6.8 – 7.2, 

1 h, RT

2% DFO-MsO

15 min, RT

1.

2.

1.5 equiv

64 equiv

= ε-NH2 = p-NCS-Bz-DFO = NHS-AF647Functionalisation Radiolabelling

S
D
28

S
D
56

S
D
10

0

0

25

50

75

100

R
C

Y
 (

%
)

S
D
28

S
D
56

S
D
10

0

0

25

50

75

100

R
C

P
 (

%
)

High radiochemical yield and 

radiochemical purity

0 25 50 75

0

20

40

60

80

100

120

PBS @ 37°C

Time (h)

R
C

S
 (

%
)

0 25 50 75

0

20

40

60

80

100

120

Human serum @ 37°C

Time (h)

R
C

S
 (

%
)

SD28

SD56

SD100

1 10 100

0

5

10

15

20

25

Hydrodynamic diameter (nm)

V
o

lu
m

e
 (

%
)

SD28

[89Zr]Zr-SD28

SD56

[89Zr]Zr-SD56

SD100

[89Zr]Zr-SD100

Suitable radiochemical stability for in vivo imaging Size unaffected by radiolabelling

A

B C D



Biodistribution of pSar star dendrimer in healthy mice

1.5 h 24 h 48 h 72 h 96 h
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Maximum intensity projection PET/CT images after IV injection of 89Zr/AF647 labelled SD28 (~3.5 MBq, ca. 2.5 x1015 particles) in immunocompetent healthy

female BALB/c mice, (13 weeks, n= 4) at 1.5, 24, 48, 72 and 96 h p.i.
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Unpublished 6Data expressed as percentage of injected activity (activity in organ/total injected activity) per gram of tissue (%IA/g). 
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MIP PET/CT images after IV injection of 89Zr/AF647 labelled

SD28/56/100 (~2.8 MBq, ca. 2.5 x1015 particles) in

immunocompetent healthy female BALB/c mice, (13 weeks, n= 4) at

96 h p.i.
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SD56 96 h p.i.

26 h 28 h 45 h Blood t1/2

Biodistribution of pSar star dendrimers in healthy mice
A

Unpublished 7

Data expressed as percentage of injected activity (activity in organ/total injected activity) per gram 

of tissue (%IA/g). Data represent the mean ± SD (n= 3–4). p = *  < 0.05, ** < 0.01, *** < 0.001
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Ex vivo biodistribution 96 h p.i.
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Organs harvested approx. 96 h p.i. following perfusion with PBS and 4% PFA.



Biodistribution of pSar star dendrimer in 4T1 tumour bearing mice

1.5 h 24 h 48 h 72 h 96 h
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40
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Maximum intensity projection PET/CT images after IV injection of 89Zr/AF647 labelled SD100 (~2.5 MBq, ca. 2.5 x1015 particles) in 4T1 tumour bearing

immunocompetent female BALB/c mice, (13 weeks, n= 4) at 1.5, 24, 48, 72 and 96 h p.i.
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Unpublished 8Data expressed as percentage of injected activity (activity in organ/total injected activity) per gram of tissue (%IA/g). 

Tumour
18.5 %IA/g



0 25 50 75 100

0

5

10

15

20

25

30

Tumour

Time p.i. (h)

%
 I
A

/g

0 25 50 75 100

0

10

20

30

40

50

Heart

Time p.i. (h)

%
 I
A

/g

SD28

SD100

0 25 50 75 100

0

5

10

15

20

Liver

Time p.i. (h)

%
 I
A

/g

0 25 50 75 100

0

5

10

15

20

Spleen

Time p.i. (h)

%
 I
A

/g

B
lo

od

H
ea

rt

Lungs

Thym
us

Liv
er

P
an

cr
ea

s

S
ple

en

S
to

m
ac

h

S
m

al
l I

nte
st

in
e

Lar
ge 

In
te

st
in

e

U
ri
ne

B
la

dder

K
id

ney

O
va

ry

U
te

ru
s

B
one

M
usc

le

S
al

iv
ar

y 
G
la

nds

B
ra

in

B
one 

M
ar

ro
w

Tum
our

0

5

10

15

20

25

%
IA

/g

✱

✱

✱✱

✱✱

✱
✱✱

✱✱
✱

✱✱

✱✱

✱

SD28

SD100

B
lo

od: M
usc

le

B
lo

od: L
iv

er

B
lo

od: S
ple

en

Tum
our:

 L
iv

er

Tum
our:

 B
lo

od

Tum
our:

 S
ple

en

0

1

2

10

20

30

ex vivo blood ratios

✱

✱✱✱

✱✱✱✱

SD28

SD100

SD28 SD100

2

min

max

40

%
IA

/g

MIP PET/CT images after IV injection of 89Zr/AF647 labelled

SD28/100 (~3.9 MBq/~2.5 MBq respectively, ca. 2.5 x1015 particles)

in 4T1 tumour bearing immunocompetent female BALB/c mice, (13
weeks, n= 4) at 96 h p.i.
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Biodistribution of pSar star dendrimers in 4T1 tumour bearing mice

A

Unpublished

Data expressed as percentage of injected activity (activity in organ/total injected activity) per gram 

of tissue (%IA/g). Data represent the mean ± SD (n= 3–4). p = *  < 0.05, ** < 0.01, *** < 0.001

In vivo biodistribution

Ex vivo biodistribution 96 h p.i.
Organs harvested approx. 96 h p.i. following perfusion with PBS and 4% PFA.
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MIP PET/CT images after IV injection of 89Zr/AF647 labelled SD100

(~2.1 MBq/~2.5 MBq respectively, ca. 2.5 x1015 particles) in healthy

and 4T1 tumour bearing immunocompetent female BALB/c mice, (13

weeks, n= 4) at 96 h p.i.
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Biodistribution of SD100 in healthy vs 4T1 tumour bearing mice
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Unpublished 10

Data expressed as percentage of injected activity (activity in organ/total injected activity) per gram 

of tissue (%IA/g). Data represent the mean ± SD (n= 3–4). p = *  < 0.05, ** < 0.01, *** < 0.001

In vivo biodistribution

Ex vivo biodistribution 96 h p.i.
Organs harvested approx.96 h p.i. following perfusion with PBS and 4% PFA.
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Coronal and transverse PET/CT slices after IV injection of 89Zr/AF647 labelled SD100 (~0.5 MBq, ca. 2.5

x1015 particles) in female BALB/c nu/nu mice bearing orthotopic H460 lung tumours, (20 weeks, n= 2) at
96 h p.i.
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CT PET/CT

Uptake of SD100 in orthotopic model of NSCLC
A

Unpublished 11

Data expressed as percentage of injected activity (activity in organ/total injected activity) per gram 

of tissue (%IA/g). Data represent the mean ± SD (n= 3–4). p = *  < 0.05, ** < 0.01, *** < 0.001

Ex vivo biodistribution 96 h p.i.
Organs harvested approx. 96 h p.i.
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• pSar functionalisation proportionally prolongs the blood circulation time of star dendrimers

• Positive correlation between pSar chain length and blood t1/2 (26 – 45 h, SD28 – SD100)

• pSar SDends remain in blood circulation 96 h p.i. (11, 16.5 & 18 %IA/g for SD28/56/100 respectively in healthy mice)

• High passive tumour uptake for both SD28 and SD100 

• 15.5 and 18.5 %IA/g for SD28 and SD100 respectively

• Longer t1/2 = higher tumour uptake

• pSar SDends preferentially accumulate in tumour over RES organs

• pSar is promising alternative stealth polymer to PEG

12

Conclusions

Future work

• Evaluate biodistribution of pSar star dendrimers at a cellular level

• Localisation in liver, spleen and tumour

• Evaluate effect of drug loading on the biodistribution and evaluate therapeutic effect (SD100)

• Investigate if repeat administration promotes accelerated blood clearance
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