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.. . . . Mechanism of RNAI
In vivo imaging of siRNA delivery

dsRNA entering RNAi pathway cut by Dicer

and silencing . _ \
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siRNAs are assembling into RISC while
unwinding
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The antisense strand binds to target
mRNA followed by its cleavage
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RNA interference SiRNA delivery

* RNAI has recently emerged as a powerful Hydrodinamic injection (Song et al, Nat Med, 2003;
potential therapeutic tool Zender et al, PNAS, 2003)
Lipid-based agents - polyethileneimine and cationic
lipids (Hassani et al, J Gene Med, 2005, Grezeinski et
. . . . al, 2006; Urban-Klein, Gene Ther, 2005; Schiffelers et
The main obstacle is delivery of functional al, Nuclear Acids Res, 2004), lyposomes (Landen et al,
siRNA to the target tissue: Cancer Res, 2005), lipoplexes (Santel et al, Gene Ther,
2006%; Santel et al, Gene Ther, 2006?)
i Carriers - atelocollagen (Takei et al, Cancer Res, 2004;
short blood half-life Takeshita et al, PNAS, 2005), protamine-Ab fused
cross cell membrane to achieve adequate target tissue siRNA (Song et al, Nat Biotech, 2005), cholesterol
bioavailability (Soutschek et al, Nature, 2004), SNALP (Morrissey et
al, Nat Biotech, 2005; Zimmermann, Nature, 2006)

Local delivery (too many to list)

digestion by nucleases

assess siRNA delivery non-invasively

RNAi as Small Molecule Drugs
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Evidence of RNAIi in humans from systemically
administered siRNA via targeted nanoparticles

Mark E. Duvia’, Jonathan E. Zuckerman', Chung Hang L Choi', Dirvid Seligies™, Anthany Telcher”,
Christopher A Alabi't, Yun Yen", Jereemy D. Heidel” & Antond Ribas™

siRNA to M2 subunit of
ribonucleotide reductase
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siRNA imaging

 Bioluminescence (Lewis et al, Layzer et
al, McCaffrey et al, Hassani et al,
Kobayashi et al, Pichler et al, Takeshita
et al, Bartlett et al.)

 Optical (GFP) (Lewis et al, Sorensen et
al, Xia, Pichler et al, Rubinson et al.)

» Nuclear imaging (Liu et al, Merkel et al)

Imaging of sSiRNA using GFP reporter

PBS + EP pTé + EP AntiGFP - EP

Golzio M et al, Gene Ther, 2007, 14:752-59
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Imaging of sSiRNA in vivo using SPECT

Sense and antisense RNAs
against mRNA of the Type |
regulatory subunit o of
cAMP-dependent protein

kinase A

9mTc-labeled RNA
Injected iv in mice
bearing human
kidney cancer
xenografts
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Antisense

Liu N et al, Nucl Med Biol, 2007, 34:399-404
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1. siRNA to luciferase

was complexed with
cyclodextrin polycations and
modified with DOTA at 5’ sense
strand

2. %4Cu served as positron tracer
3. Nanoparticles were made
targeted with Tf

! ] Pre inj
N 1d post iny

SPECT image of 4 week old male - .
corresponding to 2.57 nmol and 0.255 MBq 111In (purple, blue, and orange), B2
and 8 MBq 99mT eled phosphonate (gr: for a mical g 1
landmarking. (A) free siRNA, (B) comple: t N/P 6 with 25 kDa bPEI. 3
z
Olivia M. Merkel; Damiano Librizzi; Andreas Pfestroff; Tino Schurrat; M 3 o
Kissel; Bioconjugate Chem. 2009, 20, 174-182. Copyright © 2008 Amer emical y 0 —r— =3 Bartlett D et al, PNAS, 2007, 104:15549-54

Nanoplex Delivery of siRNA and Prodrug
Enzyme for Multimodality Image-
Guided Molecular Pathway Targeted
Cancer Therapy

Directions of research Iron Oxides - General Structure and
Applications

superparamagnetic
nanocrystalline iron
oxide core g * Produce predominantly spin spin
(gL relaxation effects (local field
inhomogeneities), resulting in
) shorter longitudinal (T1) and
transverse (T2) relaxation times.

(@ » Appear predominantly dark on
dextran, siloxanes MR images, due to their strong T2
polyethyleneglycol, effect.

etc.
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Magnetic nanoparticles (MN)- properties Uptake by various cell types

Type Species Iron Uptake = SD Particles per Cell
(ng/106 cells)
Primary isolates
Iron core 3-5nm Peritoneal macrophages Mouse 970 + 77 4,850,000
Lymph node lymphocytes Mouse 19.1+ 0.3 95,500
Lymph node lymphocytes Rat 11.5+ 4.3 57,500
Splenic lymphocytes Mouse 18.7 £ 0.1 93,500
S - lympho Rat 19.8 + 1.3 99,000
Blood lymphocytes Human 139,500
Tumor cells

SVEC4-10 endothelial cells Mouse 590,000
C6 gliot Rat d 125,000
Rat d 85,000
oma (macrophage-like) Rat : ,550,000
cell lung cancer Human 145,000
Human 190,000
e cinoma Human 0,000

HBL100 breast adenocarcinoma Human
D4.475 breast adenocarcinoma Human 21.1+0.8 105,000
LS174T colon adenocarcinoma Human 60.0 + 1.5 300,000

electron microscopy diameter = 25 nm B (KD =0 COfET

was measured after 1 hour incubation
of 100,000 cells in the presence of 100 pg of 1251-labeled LCDIO.

Shen T etal, Magn Reson Med, 1993, 29:599 Moore A, et al. Radiology 2000, 214:568-574

Localization to the endosomes/lysosomes

In vivo imaging of siRNA delivery and
silencing in tumors

\ SRR, ) i
C6 glioma cells

Moore A et al. I Mag Reson Imag, 1997, 7:1140-1145

MN-NIRF-siRNA- a multifunctional probe for in
Goals vivo imaging and siRNA delivery to tumors
iron oxide core
(for MRI)
1. Deliver siRNA to tumors using

. . * Membrane translocation
nanopartlcles as carriers

as an entry into the cytosol

Image the delivery of siRNA to tumors by
MRI and near-infrared optical imaging
(NIRF)

« Degradation by nucleases

* Rapid renal clearance

Image the silencing effect resulting from
SiRNA delivery to tumors g
SiRNA L\ ¢

Cy5.5
(for near infrared
optical imaging)
Medarova Z et al, Nat Med, 2007: 13(3):372-377
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Experimental Setup In vivo MR imaging of siRNA delivery

. pre-cuntrast Hpre-contrast B post-contrast
Bi-lateral tumors: 9L-GFP v 9L-RFP

*9L-GFP and 9L-RFP : - - | p=0.0012 p=0.0049

- Probe MN-NIRF-siGFP "y o
(10mg Fe/kg; 1.V.) - - &*‘_

« In vivo imaging: | u;n

MRI and NIRF imaging 24 h ' post-contrast
post injection 9L-GFP _ e 9L-RFP

mean T2 (ms)

9L-RFP 9L-GFP muscle

. . . . . In vivo imaging of gene silencing
In vivo NIRF imaging of siRNA delivery
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fluorescence

color-coded NIRF
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MM-NIRF-SIGFP  saline  mismatch
cantrol cantral

uMUC-1 tumor antigen

* present on over 50%
Next Step: of human cancers
(breast, pancreatic,
colorectal, etc.)
- Therapeutic application
* overexpressed on

. . . iy . tumor cells
-Increase siRNA bioavailability by specific

targeting to tumors + underglycosylated
on tumor cells
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MN-EPPT-sibirc5- a multifunctional
imaging/therapeuti

iron oxide core :
(for MRI)

CyE5
(for near infrared
optical imaging)

C probe

Cyss, MN

EPPT = C-AHA-Y-
C(ACM)-A-R-E-P-P-T-R-T- o |
F-A-Y-W-G-K(FITC) T sy
Original sequence adapted

from Lancet 1995, 346: i
1662-16 m

T2 (ma)
E5s882
Bires reiative

PES RMN-EPOT-BIRCS

Kumar et al, Cancer Res, 2010

T2 weighted image =]

p=0.02

SN EPPT sBIRCE MN EPPT 5CR a0 a

Delivery:
In vivo MRI

Post
Efficency

MN-EPPT-siBIRC5

Therapy: 43207 ms

Once/wk for 2 wks

M Kumar et al,
o Cancer Res, 2010

= PR T-RISCR - MN EFOT SIRHCS)

FACS analysis and cell phantoms

(anti-uMUC-1 Ab)

#MN-EPPT-sibiref
. -EPPTSISCR

MN-EPPT-siSCR

8708

ms
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Summary

+  MN-NIRF-siRNA is a promising new tool for the
delivery of siRNA to tumors and concurrent imaging of
the delivery process

» Therapeutic and imaging implications of this study
are significant. Knocking down therapeutic targets, e.g.
survivin, can serve to mediate tumor regression,
reduced potential for metastasis, enhanced
chemosensitivity.

*Application to other pathologies

Islet transplantation

Type 1 diabetes is caused by autoimmune destruction
of insulin-producing beta-cells

Islet transplantation as a clinical method to achieve
insulin independence

Severe graft loss occurs 2 weeks after transplantation

Viability and functionality of the transplant is
unknown

Can transplanted islets be visualized?

In vivo MRI of labeled allogeneic islets
transplanted in the liver

Medarova et al, Transplantation, 2009

A
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Imaging of siRNA delivery and
silencing in pancreatic islets

In vivo MRI of intrahepatic transplantation
of islets labeled with magnetic nanoparticles

Evgenov N et al, Nat Med, 2006
Evgenov N et al, Diabetes, 2006

In vivo MRI monitoring of islet loss

Evgenov N et al, Diabetes, 2006
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Silencing model gene (eGFP)
Goal of the study: iron oxide core

To combine siRNA therapy (for MRI)
with MR imaging for

improved survival of islet

grafts with concurrent in vivo

monitoring

siRNA

: CyED
siRNA (for near infrared
optical imaging)

Medarova et al, Transplantation, 2008 72%

Silencing therapeutic gene
(caspase-3)

Sham Control MMN-SISCR MN-SICas pase- 3

Insulin Caspase-3

o MN-siCaspase-3

Sham Control Serum Starvation

MN-siCaspase-3 o

Fanim starvation

VN -l Caspase- 3+55] MN-aISCR+55

vallsn  No s

Caspase-3 expression was Apoptosis was reduced in treated islets
lower in treated islets

Wang P et al, Diabetes, 2011 Wang P et al, Diabetes, 2011
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