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Informational Drugs: Optimizing Chemical Architecture for 
Delivery is a Key

Dianophore*
Ensemble of molecular 

features that determines 
PK/PD/ADME

Pharmacophore
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features that determines 
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modulation

Traditional, small molecule drug Informational drug

chemical structure
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modulation

Chemistry of the 
backbone and ligand

Sequence

*Dianophore—from the Greek “διανομή-dianomi” for distribution or delivery

Khvorova and Watts, 2016, Nature Biotech



Dianophore
determines

PK/PD/ADME

Pharmacophore
determines

target

Scaffold
determines
mechanism

(RNAi, RNase H, Steric blocker, etc)

Steric blocker ASO
Nuclease resistance
Binding affinity
Bioavailability

RNase H ASO
Nuclease resistance
Binding affinity
Bioavailability
RNase H compatibility 
Specificity of cleavage

RNAi
Nuclease resistance
Bioavailability
AGO2 compatibility
Specificity

Increasingly complex requirements for oligonucleotide chemistry

Three Classes of Oligonucleotides In CNS

SPINRAZA® 
(Nusinersen)

IONIS-HTT, TAU, C9orf72 CNS-RNAi-HTT

ASO for single 
patient with 
Batten (Dr Yu)

Wave-HTT



• Requires one surgery (<1 hour with local 
anesthesia and sedation) to implant a catheter 

• Routinely use for pain and cancer management
• Enable safe, non-invasive, painless, robust, 

repetitive administration
• Preferred method for repetitive CSF delivery
• Long-term use, no reported clogging issues with 

ICV placement
• Clinical recruitment might be limited to medically 

advanced countries

Oligonucleotides Do Not Cross BBB, Need to Be Delivered to 
CSF

IT Injection 

Ommaya Reservoir

• No surgery required 
• Routinely used procedure (< 1 hour with local 

anesthesia and optional sedation)
• 80% of patients report Post-lumbar puncture 

syndrome, back pain and headaches
• Repetitive administrations might be problematic
• Clinical recruitment is easier with more sites 

available



Chemistry Defines Distribution, Duration of Effect and 
Efficacy

ASO technology maturation

native
siRNA

Partially
modified

siRNA

Fully chemically
stabilized siRNA

lipophilic conjugates

siRNA technology maturation

PS-DNA “Gen 2 gapmers” LNA and cEt gapmers stereoselective PS
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CNS-RNAi
DAPI

Intracerebroventricular injection, 475 µg, t=48 h,  FVB/NJ mice (n=3)

CSF CNS-RNAi-siRNA
Cortex Cerebellum

200 μm200 μm

Striatum

200 μm

CNS-RNAi Shows Widespread Distribution with CSF Delivery



CNS-RNAi Shows Significant Protein Silencing for up to 6 
Months after a Single Injection

Striatum

PBS HTT NTC

Huntingtin

Tubulin

Alterman, Godinho, Hassler, Ferguson et. al., 2019



CNS-RNAi Shows Significant Protein Silencing for up to 6 
Months after a Single Injection
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CNS-RNAi Shows Significant Protein Silencing for up to 6 
Months after a Single Injection
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Relative Mammal Brain Sizes

www.reed.edu

Human Monkey

1300-1400g 70-100g

Mouse

0.4g

Sheep

140g



ICV injection (25 mg) in Cynomolgus 
Macaque (Male). t = 48 hours. n = 1.
DAPI (Blue), siRNA (Red).
Scale bar = 50 µm.

Cynomolgus Macaque Brain

Co
nt

ro
l

D
i-h

si
RN

A

Control NHP Cortex ICV Di-hsiRNA 48h NHP cortex

50 um

M
er

ge
D

ap
i/

 C
y3

CNS-RNAi Shows Broad Distribution in NHP Brain



Distribution to Hippocampus (Dentate Gyrus)

CNS-RNAi NeuN- Neurons GFAP- Glia Dapi- Nucleus

50 µm



Single CSF Injection of CNS-RNAi Efficiently Silence HTT 
Protein Expression (n-4)
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One-way ANOVA with Bonferonni correction, *** p<0.001, **p<0.01, *p<0.05



CNS-RNAi: Novel Chemical Scaffold Enabling CNS Delivery

Dianophore*
Ensemble of molecular 

features that determines 
PK/PD/ADME

Pharmacophore
Ensemble of molecular 

features that determines 
target recognition and 

modulation

Traditional, small molecule drug Informational drug

chemical structure

Dianophore
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Pharmacophore
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modulation

Chemistry of the 
backbone and ligand

Sequence

*Dianophore—from the Greek “διανομή-dianomi” for distribution or delivery

Khvorova and Watts, 2016, Nature Biotech

Nusinersen ( ~ 20 years) ASO for single patient with Batten (Dr Yu) 
(~ 9 month)
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