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Rhabdomyosarcoma
Rhabdo (rod) myo (muscle) sarcoma (connective tissue tumor)

/ Embryonal RMS \

60-70% 20%
Young children £ 5 years Young adolescents
Head and neck Trunk and extremities
Combination of diverse Chromosomal translocation:
genetic aberrations PAX3/7-FOX0O1

\ FUSION NEGATIVE / \ FUSION POSITIVE /
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Rhabdomyosarcoma
Chemotherapy
a 1.0 p
VAC (US) 09 13
Vincristine 0.8 Test: P <0.001
Actinomycin D o 071 G
Cyclophosphamid 2 064
IVADo (EU) £ 05 Sy
Ifosfamid §044 | — RS-V
Vincristine S 03 | — IRS-NI/IVP
Actinomycin D 02 - :RS-II
Doxorubicin s — e
0.0 : ‘ : | ] . | . . |
Surgery 0 1 2 3 4 5 6 7 8 9 10
Radiotherapy Years
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Rhabdomyosarcoma
Chemotherapy
VAC (US) 1001
Vincristine
ACtI nomyCI n D 9 Non-metastatic ERMS, 5-year 0S=69.1%
Cyclophosphamid g : T
S 60
IVADo (EU)
Ifosfamid T o
Vincristine 3
Actinomycin D 20+ Non-metastatic ARMS, 5-year 0S=34.1%
Doxoru bICIn Metastatic ARMS/ERMS, 5-year 0S=11.7%
Su rgery 0] p <0.001
Rad iOthera py i N AOFoIIow-upst?me (monthaf) * =
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RMS targeting peptides
In vivo phage display
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Liposomes formulation

. . H,_. OH o)
Egg-Sphingomyelin (E) A~~~ Ao
* Amide-linked aliphatic chain = low susceptibility \/\/\/\/\/\/\/YN’HH o ™~

to hydrolysis or enzymatic degradation (webb et al., 1995) - : °

Cholesterol (C)

» Decreased permeability of the membrane
* Mechanical rigidity of fluid bilayers (kirby et al., 1980)

PEG-Ceramide (PEGC)

H,'(_ OH (0]
« Increased circulation lifetime of liposomes /\/\/\/\/\/\/\/’@@o)j\/ﬁ(‘oc”zc”z’“"%
\/\/\/\/\Awth H (0]
(o]

+ Slow in vivo drug release (webb et al., 1998)

DSPE-PEG (DPEG) OO &
* Coupling reaction AN

0
I o
" No-P~o S OH
PR g (OCHZCHzm-o/\[Or
. . . T NHg*
* Increased in vivo leakage of Vincristine (webb et al., 1998) o )

1400 g ESMS0.Chol45:PEG-Cerd:DSPE-PEG1

1200 - I ESM50:Chol45:PEG-Cer1:DSPE-PEG4 Los
I ESM50:Chold5:PEG-CerS
1000 | g £SM50.Chold5:DSPE-PEGS ﬁ »
- - . 2004 ESM60:Chol40
Optimal formulation: £ -
£ 150 o ..
® Maurizio
E : C : PEGC : DPEG ® 100 Roveri
50 : 45 : 4 1 50
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Liposomes formulation

TmR-NH,
KRDRGGGCMGTINTRTRRG

DSPE-PEG(2000)-NHS

Optimized conditions:
— Anhydrous dimethyl sulfoxide, 3 h under constant stirring, room temperature
— DSPE-PEG(2000)-NHS : RMS-P3/RR-NH, (5 : 1 molar)

E :
49.8 :

C : PEGC DPEG :
45 4 c 1 g

DPEG-TmR
0.2

Active encapsulation by pH-gradient

« Buffer exchange with Sephadex

Drug loading: incubation for 60 min at 65 °C
» Separation of free VCR

+ Centrifugation in Amicon-tubes
 Disruption of liposomes with EtOH

* VCR quantification with HPLC
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VCR release from targeted liposomes

Horizontal diffusion cells
+ Semi-permeable membrane (polycarbonate, 200 nm)
* 100% serum /37 °C

VCR-loaded liposomes in the donor chamber
Monitoring of the free VCR in the acceptor chamber with HPLC
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% of VCR release
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Biodistribution of VCR-loaded Liposomes in RMS mouse xenografts

Plasma concentration of VCR

| )
1000003 .
£ 10000
[72]
o
o
.
E 1000
x
(@)
>
g —O—Free VCR
o —l- PEG-liposomal VCR
A TmR-PEG-liposomal VCR
10 ¥ I T v Ll s T v T v T . T v Ll L 1
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Time (h)

- 4
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Biodistribution of VCR-loaded Liposomes in RMS xenograft mice

] Tumor distribution of VCR TN

%

: —&— TmR-PEG-liposomal VCR
4 GJ; O—-o0 —l- PEG-liposomal VCR
—O—Free VCR
0 1 b 1 v 1 = ] . 1 s 1 L ] 1
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o J
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N
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Biodistribution of VCR-loaded Liposomes in RMS xenograft mice

Table 1. Comparison of pharmacokinetic parameters of free vincristine and PEG-liposomal vincristine.

'Area under the plasma concentration-time curve for 24 h.
*Area under the plasma concentration-time curve extrapolated for t = 0.
SMaximum plasma drug concentration.

*Terminal elimination rate constant.
""Total body clearance.
*Volume of distribution at steady state.

VCR formulation AUC__,.* AUC ¢ C...} (ng/ml) t 7(h) A" (1/h) CL*" (I/h/kg) V,* (I/kg)
(2 mg/kg) (ngeh/ml)  (ugeh/ml)

Free 1.6 3.6 0.1 14.2 0.049 0.552 23.2
PEG-Liposomes 664 1672.5 39.8 46.2 0.015 0.001 0.06

Noncompartmental pharmacokinetic analysis was used to calculate the plasma versus time curves (AUC) of free and bare PEG-liposomal VCR.

IElimination half-life calculated from 2 to 8 h, since after this time point the plasma concentration of free VCR was below the LLOQ.

AUC: Area under cover; CL: Clearance; VCR: Vincristine; LLOQ: Lower limit of quantifi
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Formulation
Parameter

C-VINC DSPC/Chol SM/Chol
Vincristine dose 2 mg/kg 2 mg/kg 2 mg/kg
C.ax (pg/ml) 0.30 (= 0.07) 26.3 (= 1.1) 22.2 (= 1.30)
Half-life (h) 1.36 (= 0.88) 4.0 (= 0.50) 6.65 (= 1.24)
MRT (h) 1.96 (= 1.26) 5.82 (= 0.72) 9.59 (*+ 1.79)
AUC (ug - h/ml) 0.59(+ 0.29) 153.2(* 15.8) 213.4 (+ 34.3)
Vss (ml) 145.4 (= 32.9) 1.67 (= 0.07) 1.97 (= 0.11)

Krishna, R. et al. The Journal of pharmacology and experimental
therapeutics 298, 1206 1212 (2001).
Roveri, M. et al. Nanomedicine 12, 1135 1151 (2017)
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In vitro binding of TmR-liposomes to RMS cells

A *k TmR-PEG-liposomes CmR-PEG-liposomes PEG-liposomes

S |
200 N |

o ‘\ #\
150- 5

100+

Normalized mean fluorescence intensity

504
04
* Rh30 cells
+ DiD-labelled liposomes
1 mM liposomes
« 2h/37°C
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u
Therapeutic effect of liposomal vincristine in RMS mouse xenografts
- Tumor size ~
10004 Tumor free
% 800
E
g 600~ - Control
% free VCR
g 400+ PEG-Liposomal VCR
£ 200 / -~ TmR-PEG-Liposomal VCR
= _,-/ %:\ —~ CmR-PEG-Liposomal VCR
l v"’)\’\ WO + 5x106 Rh30 cells
0 T T T T T S —— + Subcutaneous
0 7 14 21 28 35 42 49 56 63 70 77 . NSG mice
t 1 Days - 2 mg/kg VCR equivalent

- /
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Therapeutic effect of liposomal vincristine in RMS mouse xenografts

S Weight and Survival after treatment ~
264 Tumor free 100 ' | “Tumor free l
s
a E =&~ Control
= v @ 50- * free VCR
2 \ =
é’ \ g ®- PEG-Liposomal VCR
\ & - TmR-PEG-Liposomal VCR
184 v -~ CmR-PEG-Liposomal VCR
16 | 1 ] | | | | | | | | | c L] L] L] L] L) L] L] L] L L] L]
0 7 14 21 28 35 42 49 56 63 70 77 0 7 14 21 28 35 42 49 56 63 70 77 84
Days Days
- /
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Rha bdomyosa FCOMa - Fibroblast growth factor receptor 4

FGFR
Acid box

Turner and
Grose, 2010

FGFR4 expression in RMS cell lines

0.08

eRMS

0.06 1

0.04

el
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x40

%200

eRMS

* Aberrant high expression in RMS

aRMS

* FGFR4: myogenesis and muscle regeneration / lipid and glucose metabolism

* Expressed in liver, kidney / absent in differentiated muscle

* ARMS: FGFR4 is target gene of PAX3-FOXO1
* ERMS: FGFR4 amplification / point mutations in 12%

39 esssses seossse
2
2, b
E | —=
o
£ 1 woren weone
£
S
S
LN s Crose et al.,
T T 2012
eRMS aRMS
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Alijaj, N. et al. Novel FGFR4-Targeting Single-Domain Antibodies for Multiple

F G F R4 —_ ta rg etl ng by na nobod |eS Targeted Therapies against Rhabdomyosarcoma. Cancers 12, 3313 (2020).

S v
Phage display l H l Expression and Binding affinity Specific binding
biopanning ﬂ purification SPR on RMS cells
' 1% D) e b e g~
@ “ O = =8 N :
¢ & Sl wee-w e/ A A
15 - 1 A A
) q i g \ 10 - T s B
H i El a Selected
ey Jesryel candidate sdAbs X
- sdAb specific for
Single domain antibody (sdAb) E FGFR4
phage libraries i
Na-Li H1 and Gimli “ E w

Block

FGFR4 activation m‘,‘;‘,’::" \/\
i ’ Rh4FRAw
- - 287~ ABRICAR &1  ==COBWT &1
bﬂ"'bﬂ / ’

| RMS -
» & * CAR T cell
y, : A j killing
Active” ‘ mﬁﬁ)‘/

drug delivery \ \77 o=
- AR BroFe

~_ .. 7
FGFR4
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FGFR4-targeted liposomes — in vivo 0.5 mg/kg VCR

Tumor Injection

* Right leg shaved.

* Mice placed under inhalation anesthesia.

» Tumor cells injected in the Gastrocnemius 10-50 pL.

Tumor = 100- 300 mm?3

Treatment START Euthanasia (CO2)
Tumor = 1000 mm3
Tumor detection Day 7 or 90 days after
L treatment START
1 week
(ﬂ adaptation y \ \
' \ A i\ J
@@ Mon- Fi Y '
on - Fri ]
NSG mice K ) @@ Daily @@ Daily
6-8 weeks gp “nceawee « ) .
females Mon / Wed / Fri x Mon / Wed / Fri
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e Once a week
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e Once a week
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FGFR4 — targeting by nanobodies

« E:C:PC:DiR:DSPE-PEG-Mal/Pep - 49.8:45:4:0.2:1
* Extrusion method

* Size: 108.3-111.5nm (109.92+1.33nm) and

* PDI below 10%

» Encapsulation efficiency over 98%
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Rh4-FR4ko ‘ Rh4-FR4wt

DiR

LIPO-B1

LIPO-F8

LIPO-mCh

LIPO-B1
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FGFR4 — targeting by nanobodies

1400~ Ctrl ] Ctrl
r o/ . ri
&= 1200 100%
§1ooo [ VCR " - VCR
= ’ LIPO-mCh = 1 LIPO-mCt
g 800 — LIPO-B1 2 1 == LIPO-B1
2 600- 2 50%-
5 —— LIPO-F8 a ] —— LIPO-F8
S 400- |
£ |
2 200- 1
0- 0% -
0 20 40 60 0 20 40 60
Time, days Time, days
30
-o- Ctrl
g i c I E LIPO-mCh
g 204 ~ F E -+ LIPO-B1
g o LPOFS Rh4 RMS cells
[11] .
n =5 mice per group
[ S A

Time, days
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RMS targeting ligands — “new” selection

Relevance for RMS Targeting protein Peptide Sequence
. Linear RGD CRGDS
Integrin avB3
Cyclic RGD cRGDyK
Gamma-subunit fAchR aA-conotoxins CCGVONAACPOCVCNKTCG
RMS surface molecules investigated TmR KRDRGGGCMGTINTRTRRC
fciatgeting RMS-| CQQSNRGDRKRC
Furin RMS-II CMGNKRSAKRPC
RMS-P3 CMGTINTRTRRC
p-AGP CAGPRTRRC
NCAM-1 NTP ASKKPKRNIKA
RMS specific potential binding Cannabinoid Receptor 1 Hemopressin PVNFKFLSH
targets EGFR (ErbB-1) GE11 YHWYGYTPQNVI
Transferrin R1 T7 d-(HRPYIAH
Nucleolin F3 EPQRRSARLSAKPAPPKPEPKPKKAPAKK
Aminopeptidase N NGR CNGRC
Surface molecules 0‘1 tumor 32 Lyp-1 CGNKRTRGC
blood/lymphatic Newrosini 32 o CONKRTR
i europilin-1, p tLyp-
Neuropilin-1, Aminopeptidase N iNGR CRNGRGPDC
Neuropilin-1, Integrin avB3 iRGD CRGDKGPDC
Positive ctrl TAT YGRKKRRQRRR
Negative ctrl CmR KRDRGGGCMGTINTATAAC
80
5 60
7
o]
z p
o
[}
3
o 404
=
c
5]
3 p
@]
el
© 20
0-
N N0 DD DN 20 1AL N - Cov Qo
QO LN N ) LECV YR 0T\
AN @\gc%?\@@ Ry K S S
S W J < S RO < ()
@ SR Y KR @29
N N PR
& @ &
O
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F3 tide t " leoli A fragment of the HMGN2 protein homes to the
peptiae targeling nucieolin nuclei of tumor cells and tumor endothelial

cells in vivo
KDEPQ RRSARLSAKPAPPKPEPKP KKAPAKK Kimmo Porkka**, Pirjo Laakkonen*, Jason A. Hoffman**, Michele Bernasconi*, and Erkki Ruoslahti*$

*Cancer Research Center, The Burnham Institute, 10901 North Torrey Pines Road, La Jolla, CA 92037; "Helsinki University Central Hospital,
Department of Medicine, Division of Hematology, Stem Cell and Basic Science Laboratory, Haartmaninkatu 4, 00029 HUS, Helsinki,
Finland; and *Program in Molecular Pathology, The Burnham Institute and Department of Pathology, University of California-

San Diego School of Medicine, 9500 Gilman Drive, La Jolla, CA 92093

Contributed by Erkki Ruoslahti, March 28, 2002

» Discovered by phage display of a cDNA library
» Binds to nucleolin on the cell surface (Christian, S. et al. J Cell Biology 163, 871-878, 2003)

* Nucleolin is an abundant nuclear non-histone protein

 Cell surface nucleolin is present in tumor cell lines derived from melanoma, glioblastoma, mammary
and colorectal carcinoma, as well as in endothelial cells 0 angiogenic blood vessels (Reviewed in

Ugrinova et al., 2017)
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Novel RMS targeted liposomes — peptides conjugation

F3: KDEPQRRSARLSAKPAPPKPEPKPKKAPAKKC

DSPE-PEG-Maleimide F3 peptide
polydisperse — 3kDa 3.5kDa
: = 5 g Control peptide:
<o d’\;k‘oo, o’v"'NHM\(OCHZCH;,).g-NH‘ ~ N Ja
I NH; ° e NTP-AA: ASKKPAANIKAC

o ’ NTP: ASKKPKRNIKAC
— DMSO, 24 h under constant stirring, room temperature
— DSPE-PEG(2000)-Mal : PEP-C-SH (1 : 1 molar)

x104

o unreacted peptide DSPE-PEG-F3
3 6.5kDa

©
B

ot DSPE-PEG NTP-AA

ntens. [a.u)

Intens. [a.u.]

4.2kDa

BB

2839.95

T T T T
2000 3000 4000 5000

T T T T T T
2000 2500 3000 3500 4000 4500
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F3-liposomes - Microfluidic Nanoprecipitation

The NanoAssemblr® Ignite

with NxGen Technology
Solvent
EtOH / DMSO (52 / 48 v%)
/ E:C:PEGC:DPEG-Pept:DiR/DiO

49.8:45:4:1:0.2 mol%

Aqueous b
Citrate buffer pH 3.16

Dialysis
VCR encapsulation

»>FRR 3.5:1 & TFR of 12mL/min
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Liposome size

400
350
£ 300

= 250 196
Q
£ 200
£ 150 g5 2
8 100 8

- Bl

0

125 115

1:4.5 1:35 1:3.0

FRR
PDI
0.25
0.2
_ 015
£
0.1
0
145 135 130 125 115
FRR

FRR: Flow Rate Ratio (organic:aqueous)
TFR: Total Flow Rate
PDI: Polydispersity Index

mTFR 8
mTFR 12

mTFR 8
nTFR 12
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F3-Liposomes — VCR Encapsulation

E c PC  DiO or DiR citrate buffer
49.8%  45% 4% 0.2% pH 3

RS Y,

\ W,
L - - e
EtOH (58%/v) / . .% - ‘M oo
DMSO (48%/v) L l?.' w
AL pH3 rr S ﬁ
( \ 7 *

J\f § ‘% pH 3
D_II;P ,\;‘)‘:‘7 %. ; S‘J' ,/Dialysis E

E: Egg Sphingomyelin

C: Cholesterol *l

PC: PEG Ceramide Z NS 2

DPM: DSPE-PEG-Maleimide PH7 L r*s &\r 8 ,%

DPP: DSPE-PEG-peptide A i
VCR: vincristine 9 é MGRChEE
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Encapsulation efficiency

0% =
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F3-Liposomes — Characterization

Em before VCR encapsulation

El Size - formulation F
B Size - formulation M

Size

= after VCR encapsulation 80 _
s [ 83 LIPO-NC
80 80
60 = LIPO-AA
60 60 T Hm LIPO-F3
= s c
Ew £ 3 407
i N
8 840 @
n (7] -
20 204 20
0 0- 07T T-T 171
LIPO-F3 LIPO-AA LIPO-NC QN VY. »* O NAY ™ O N9 &
O FE L2 S S S SE
Qoqoso QOQO\Qo IR IR R RO OGS R O
TV TV
PDI Retention
Bl Formulations F & M
20+ 100 1 3 LIPO-NC
LIPO-NC =1 LIPO-NC A _ -
B LIPO-AA ] 3 LIPO-AA
15+
Il LIPO-F3
LIPO-AA = N LIPO-F3
= 50%
= 104
[=)
o
LIPO-F3
5 ]
T T T 1
5 OZ 5|10 15 0- 0% =TT T —T-T-T-1
eta potential [m QN * O AN * QN L3
potential ] S S Sk S S
4@ 4\0 4@ 4@ 4‘2' 4@ 4@ «p 4\0 $e q@ 4‘0 @0 @0 @0 @0 4\0 Q\G $@ 4\0 @0 @0 @0 &
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F3-Liposomes — Characterization

Vincristine In Vitro Release in 50% FBS

100
~ 804
o~
B 60
©
9
2 404
(14
(&)
> 20-
(s
0+ T T T T T 1
0 8 16 24 32 40 48
Hours
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RD

Rh30
Lipo-F3
_ 3 Lipo-AA

Lipo-NC

. _ - i Untreated

10 10? 10t 10°

DiO (FITC channel)
Untreated Lipo-NTP-AA

Normalized Fluorescence
(over n.t. cells)

F3-Liposomes — Binding to RMS Cells

O PEG-Lipo
Bl NTP-AA-PEG-Lipo
Il F3-PEG-Lipo

50 pm
e — —
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LIPO-F3 / LIPO-AA
Rh30: 170-fold
— Rh4: 63-fold
Rh30 Rh4 RD RD: 37-fold
FP RMS FN RMS
Untreated Lipo-NTP-AA Lipo-F3

RH30
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F3-Liposomes — In Vitro Cytotoxicity VCR

Rh30 (FP-RMS)

100% ECy=0.92 1M
ECyy = 3.86 nM
ECy = 7.88 1M

O ECyp=9.950M
50% @ e

Survival

0% T T —
-2 0 2 4
Log nM VCR

RD (FN-RMS)

100% ECyy = 2.87 M
ECy=3.27 1M
ECq, = 30.76 M

ECq, = 36.25 nM

Survival

50%

Log nM VCR

Targeted Liposomal Drug Delivery To Pediatric Sarcomas - LRC 2022 - 13.9.22 - Michele Bernasconi

tomy

-
a
o

-

VCR
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2h Incubation before wash and medium change

48h incubation at 37°C in 5% CO,
MTT assay
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Conclusions and Outlook

» Liposomal formulation of VCR can increase circulation t;/,
and accumulation in RMS tumors in mice

« The RMS-targeting peptide TmR or FGFR4-targeting nanobodies
do not further increase accumulation in vivo

* F3-liposomes bind to RMS cells 5-10-fold better than TmR-liposomes in vitro

« EPR effect might be dominant
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Transcytosis

Conclusions and Outlook

Normal Abnormal Normalized

EPR effect (?) © AuNP  [J Tight junction & Endothelial cell . Tumour cell

» Vascular normalization is being studied to investigate effect on permeability

« Alternative strategies to promote vascular transcytosis might be beneficial
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