
Nanoparticle Targeted siRNA Cocktail 
Therapeutic Translation:

The Next “Antibody”

Martin C. Woodle, Ph.D.
Chief Executive and Scientific Officer

AparnaBio



AparnaBio Overview

History
– Founded mid-2007 to develop biomedical nanoparticles, in Maryland

• M. Woodle and P. Scaria
• Serial entrepreneurs with track record in nanoparticles & nucleic acids
• Management team with biotech & pharma experience

– Growing IP portfolio: issued patents and applications
– Government, academic and industry collaborations and funding

Technology and Product Pipeline
– AparnaBio NanoElectroPlex™ platform, InVivoPlex™ reagents
– Tissue Selective Nucleic Acid Nanoparticles

• InVivoPlex™ reagent family for in vivo gene function research
• Versatile oriented antibody targeting
• Tissue targeted therapeutics (anti-angiogenesis) and vaccines

– Antifungal therapeutic for invasive infections
• Based on histatin-like activity of nanoparticle carrier

AparnaBio 



Nature Review, Drug Discovery, Oct. 2005
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siRNA Drugs? – Key “Platform” Properties

Biologic Origin of Function (Endogenous Mechanism)

Versatile Yet Selective (Inhibit Nearly Any Gene)

Multiple Formats, Companies (Accessible Technology)

Advantages over antibodies?

⇒ Inhibits expression of proteins inside the cell

⇒ Assemble multi-targeting cocktails

But?

⇒ Oligonucleotides – Delivery, Delivery, Delivery



Challenges of In Vivo siRNA Delivery
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Hurdles of siRNA
In Vivo Delivery

Barriers to siRNA
Cellular Uptake

RNAi Nanoparticle: Bind, Transport & Deliver

Protect and Transport Bind Target Cell and Deliver



Case Study: To Pre-IND

Indication: Solid tumors: renal, colon, lung, …

Mechanism of Action: Anti-angiogenesis at neovasculature

Active Drug Ingredient: siRNA cocktail, VEGF pathway

Carrier: cRGD peptide-polymer conjugate

Drug Formulation: Nanoparticle suspension

Administration: Intravenous infusion



RNAi Therapy: Tumor Targeted Nanoparticles

Delivery:
Targeted

Nanoparticle

Disease:
Cancer

Therapeutic: 
Oligonucleotide

API

Aparna 



Tumor angiogenesis as a targetBroad Intervention: Tumor Angiogenesis

Aparna 



Clinical
Studies:

Final
Validation

Lead
Discovery

Preclinical
Studies:

Test Both 
Drug & Target

Target
ID

Target
Verification

DevelopmentDrugTarget

RNAi
In Vivo Preclinical Disease Model Target Verification:

1) Rapidly Eliminate False Positive Targets
2) Validate Combinations – MultiTarget, Target-Drug
3) Validate RNAi Therapeutic Agents For Efficacy 

In Vivo siRNA Target Validation



AparnaBio’s In Vivo Target Research
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InVivoPlex® Nanoparticle Tumor Localized Activity
IV administration to U87 tumor bearing mice

AparnaBio 

InVivoPlex®–TUMOR Tissue Selectivity/Activity
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InVivoPlex® siRNA nanoparticle treatment by iv, 3 times per week for two weeks, 
inhibits xenograft tumor growth. Left: inhibition of U87 subcutaneous xenograft tumors 
with pan human siRNA. Right: inhibition of H460 subcutaneous xenograft tumors with 
InVivoActTM hVEGF – equivalent to inhibition by the approved hVEGF mAb therapeutic.  
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In vivo siRNA Tumor Target “Validation” by InVivoPlex®
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GP96

EGF

EGFR

Avastin

VEGF – Validated Pathway/Target
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Cancer: Multi-Targeting Needed

“Fresh approaches are needed for antiangiogenesis therapies … ”

“Knocking down multiple regulators of angiogenesis …”

Masters of angiogenesis
Robert M Strieter, 
Departments of Medicine, Pathology and Laboratory Medicine, and 
Pediatrics, Division of Pulmonary and Critical Medicine, David Geffen 
School of Medicine at UCLA

Nature Med. (2005) 11, 925-927.
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The involvement of integrins in 
vascular proliferation, adhesion, 
and wound repair has been well 
documented.

The integrin receptor, 
alphaVbeta3, selectively 
expressed on growing blood 
vessels and tumor cells, has 
been one of the most intensely 
studied of the integrin receptors.

A well-defined ligand to αvβ3 
integrin is the Arg-Gly-Asp (RGD) 
peptide (Cheresh, 1991). 

RGD

Activated Endothelium
& Tumor cell

Activation

αvβ3 Integrin: Tumor Neovasculature



Clinically Validated Strategy

Anti-Angiogenesis:
• Recent Success in Cancer and Ocular Therapeutics

Avastin, Macugen, etc. 

VEGF Pathway Targeting:
• VEGF Inhibitors Proven For Clinical Benefit (VEGF mAb & aptamer)
• VEGF Pathway Inhibitors

PTK787, CEP-7055, SU-11248 receptor antagonists

Tumor Neovasculature Targeting via Integrin Ligand:
• αvβ3/αvβ5 Integrin Specificity for Tumor Validated Clinically:

Cilengitide (RGD peptide) and Vitaxin (mAb) clinical studies
• “2-C” Form of RGD Peptide Validated αvβ3 Selective Binding



RNAi Therapy: Tumor Targeted Nanoparticles

Delivery:
Targeted

Nanoparticle

Disease:
Cancer

Therapeutic: 
Oligonucleotide

API
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Potent siRNA APIsiRNA API

(Am J. Pathology, Dec 2004, Vol. 165, 2177).

In Vitro
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RNAi Therapy: Tumor Targeted Nanoparticles

Delivery:
Targeted

Nanoparticle

Disease:
Cancer

Therapeutic: 
Oligonucleotide

API
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Nanomedicines in Clinical Use

Liposomes
• e.g. Doxil, DaunoXome, Myocet, Ambisome

Polymeric Nanoparticles 
• e.g. Abraxane

Polymer Conjugates 
• e.g. Oncaspar, Neulasta, PEG-intron, Adagen, 

Copaxone

Antibody Conjugates
• Drug Conjugates, e.g. Mylotarg, …
• Radioisotope Imaging, e.g. Zevalin, Tositumab, 

Bexxar

AparnaBio 



Nanoparticle Therapeutics: Successful Approach

Liposomal Chemotherapy – Delivery Success

Multiple Indications, Large Markets
AparnaBio 



Apply Lessons To Deliver Nucleic Acids?



Nucleic Acid Agents: Synthetic Virus Concept

From Lasic, 1997, Liposomes in Gene Delivery, CRC Press

Aparna 



Nanoparticle Modular Chemistry

Hydrophilic
Polymer

Intracellular
Delivery 
Polycation

Ligand



(Nucleic Acids Research, 2004, Vol. 32, No. 19).

cRGD Angiogenesis Targeted siRNA Delivery



Tumor Neovasculature Inhibition

Treatment
Control

siRNA
Control

mVEGFR2
siRNA

Western Blot

mVEGFR2

Blocking Tumor Angiogenesis



Preclinical Efficacy: 5 in vivo models of angiogenesis (3 tumor 
models): internal, academic collaborators

Pharmacology: biodistribution and PK ongoing 

Toxicology: two species, rodent and primate: GLP contractor

Chemistry & Manufacturing (CMC): cGMP contractor

Phase I protocols: Clinical collaborator

Regulatory: Regulatory affairs contractor

pre-IND meeting: FDA oncology reviewers

Path to IND



Integrated Translation Activities

Pharmacology, Toxicology, and ADME
• Therapeutic Efficacy, Clinical Integration
• Pharmacology Studies (with Tox Supplies)
• Mouse & Monkey GLP Tox/ADME Studies

Chemistry and Manufacturing Controls, Stability
• API & Carrier Manufacturing
• Product Vial Manufacturing
• In Process and QC Assays
• Stability Testing
• Production of GLP Tox and Clinical Supplies

Phase I Clinical
• Clinical Protocol, Case Report Forms
• IND Prep and FDA Interaction



Renal Carcinoma Treatment

Human Renal (786-O) Xenograft Tumor
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Human Colon (DLD-1) xenograft tumor

siRNA Nanoparticle Combination with Avastin
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Sequence Independence & Cocktail Therapy

Kim et al., Am J. Path. 2004



Integrated Translation Activities

Pharmacology, Toxicology, and ADME
• Therapeutic Efficacy, Clinical Integration
• Pharmacology Studies (with Tox Supplies)
• Mouse & Monkey GLP Tox/ADME Studies

Chemistry and Manufacturing Controls, Stability
• API & Carrier Manufacturing
• Product Vial Manufacturing
• In Process and QC Assays
• Stability Testing
• Production of GLP Tox and Clinical Supplies

Phase I Clinical
• Clinical Protocol, Case Report Forms
• IND Prep and FDA Interaction



Self-Assembly Manufacturing

Chemically synthesized 
polymer conjugate in water

Chemically synthesized 
siRNA in water

Steric Coat

RGD Ligand

Active Core

Mix



Synthesis & Manufacturing

siRNA
HPLC
MALDI

PEG Linker
HPLC

cRGD
HPLC

Carrier
HPLC

RGD-PEG-
Dialysis
HPLC

Conjugate
Dialysis
HPLC

Nano-siRNA
Dialysis
Size, UV

1st step

2nd step

3rd step

Synthesis Formulation

Vial
Size, UV,
HPLC

4th step



Integrated Translation Activities

Pharmacology, Toxicology, and ADME
• Therapeutic Efficacy, Clinical Integration
• Pharmacology Studies (with Tox Supplies)
• Mouse & Monkey GLP Tox/ADME Studies

Chemistry and Manufacturing Controls, Stability
• API & Carrier Manufacturing
• Product Vial Manufacturing
• In Process and QC Assays
• Stability Testing
• Production of GLP Tox and Clinical Supplies

Phase I Clinical
• Clinical Protocol, Case Report Forms
• IND Prep and FDA Interaction



1. Weekly schedule. 
1 cycle: weekly X3, one week off

2. Approximately 24 patients/site, two sites

3. Inclusion criteria: patients with histologically confirmed solid 
tumors, tumor progression after receiving standard/approved 
chemotherapy or where there is no approved therapy, life 
expectancy of at least 3 months

4. Pharmacokinetic and pharmocodynamic studies

5. PET scans before and after administration in patients at the 
highest dose to detect initial hints of anti-tumor activity

6. Approximate duration of 9 months

Phase I Draft Plan



Translation Plan Timing

Validate 
Efficacy

Year 1 Year 2 Year 3

$4 M $13 M

CMC Dev

Non-GLP PK 
& Tox Study

GLP Tox Phase I Phase II

cGMP CMC

Clin/Reg



No major regulatory obstacles for “cocktail” Phase I

CMC plans adequate for Phase I
API contract cGMP manufacturing
Contract nanoparticle synthesis
Contract manufacturing and analytics
Overlapping stability

Pharm/Tox GLP study plans adequate for Phase I
Murine and primates, clotting biology essential
“Empty” nanoparticle group 

Nano-siRNA cocktail clinical translation is viable

PreIND Meeting



AparnaBio Pipeline – siRNA Nanoparticles

siRNA Nanoparticle Therapeutics
• ABS-393 Cancer Therapeutic

– Multi-functional Tumor Targeted Nanoparticle Therapeutic
• Localizes siRNA At Tumor

– Validated Clinical Mechanisms of Action
– Strategy applicable to many cancers (NSCLC, colorectal, etc.)

• Follow-on Products
– Circulating Tumor Cell Targeted Therapeutics

• Hematological cancers
– Well Characterized Cell Receptors For Targeting

• Tumor “Stem Cell” Targeted Therapeutics

– Circulating Lymphocytes Associated with Inflammatory Disease
• Preclinical in vivo validation with model antibody and siRNA



Like mAb, many forms with IP “freedom to operate”

Like mAb, specific proprietary products

But often need combined siRNA and drug delivery:

Targeted nanoparticles solving siRNA delivery
AparnaBio has therapeutic solutions

siRNA Nanoparticles: Next “Antibody” Success

Aparna 
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Tissue Targeting With Nanoparticles
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