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1)  ISIS Pharmaceu'cals 

2)  Promoter Paper 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PHARMACEUTICALS 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ISIS PHARMACEUTICALS 
Future Site 

175,000 sq K. 
Targeted comple'on date: 
July 2011 



Objec'ves 

•  Establish the collabora'on 
   Meet the players and get everybody on board   
   with the idea 

•  Learn ICV bolus procedure for mice 



ICV Bolus 

ICV = intracerebroventricular 

Bolus = one big slug of drug 

IVC up to 10 ul  











Induc'on Chamber  

•  Air line connected set to 50 psi 
•  That line connects to a flow regulator set 

to 3L/min 
•  The isoflurane gas regulator is set to 3% 
•  The chamber has the exit vent sealed off. 
•  AKer the mouse has been in for about 

30s turn down the flow rate to 1L/min. 
•  Mouse can stay there for a while (5 min), 

but if too long at 3% will die. 

Gas Anesthesia 

At the Stereotax 

•  Oxygen supply line connects to regulator 
•  Flow regulator set to 0.5L/min/instrument 
•  The isoflurane gas regulator is set to 2% 
•  Mouse can stay there longer because of 

the heat pad (anesthesia causes 
hypothermia).   





Nature Protocols 3, 122 ‐ 128 (2008)  



Anterior Posterior  (AP)  (coronal plane) 

Medial Lateral  (ML)  (sagital plane) 

Dorsal Ventral (DV) (axial plane) 

Order of Stereotaxic Coordinates :  AP‐ML‐DV 



Allen Atlas 
‐0.48 x 1 x 2.5 

Franklin and Paxinos 
The Mouse Brain in Stereotaxic Coordinates 
‐0.46 x 1 x 2.5 



Insert Hamilton syringe needle 

Inject 1 ul per second coun'ng Mississippis 

Remove needle, wait 4 min, suture 

Finish up with a standard surgeon’s knot 

Sutures:  5‐0 Ethilon sold by Ethicon 
Non‐absorbable.   Can use nylon… 
Medvet Interna'onal sells cheaper subs'tute 
shopmedvet.com 



Cannula for mice 



A.G. de Boer and P.J. Gaillard. Drug Targe'ng to the Brain. Annual 
Review of Pharmacology and Toxicology 47: 323‐355 (2007) 

ASO delivery in humans 

Intrathecal 
 Intracerebroventricular 
   Bolus   
   Ommya Reservoir 
 Lumbar Puncture 
   Bolus 
   Intrathecal Pump 

Discussion on different approaches: 



Intrathecal Drug Delivery 

Ommaya Reservoir 

Intrathecal 
Bolus 
Injec'on 

Intrathecal Pump 

Cisterna 
magna 
injec'on ? 





Upcoming trials will be for SMA 

Likely will see a trial on HD  



ASO distribu'on is thought to be due to protein 
binding and facilitated by endocytosis. 

The mechanism is not fully known by ISIS 

Different chemistries alter ASO effec'veness and 
is in part thought to be due to cellular entry 
differences caused by different protein binding 
proper'es.  

ASO cellular entry 



ASO chemistry 

Nathalie Dias and C. A. Stein. An'sense 
Oligonucleo'des: Basic Concepts and Mechanisms. 
Molecular Cancer Therapeu'cs. Vol. 1, 347–355, 
March 2002 

Chemical & Engineering News: Cover Story ‐ Back In The Game 
Long the target of skep'cism, oligonucleo'de‐based an'sense 
drugs are star'ng to regain favor with investors 
hkp://pubs.acs.org/email/cen/html/041706154028.html 

MOE is the  
favored form 

“MOE gapper” 

1st Gen 

2nd Gen 

Gene Tools 



ASO Screening at ISIS 

ASO screens not only are designed to iden'fy sequence but 
also most effec've combina'on of base chemistry. 

The most basic screen ISIS conducts is one plate which holds 
79 ASOs and evaluate mul'ple target sites only. 

Complex screens can be up to 1640 ASOs (21 plates) to 
evaluate mul'ple target sites and chemistries. 

 Lead compounds (66 for HTT) are selected and evauated 
 for target knockdown in mice. 



ASO lead follow‐up 

The most promising lead is selected for further evalua'on 

Test in transgenics 

Screen liver transaminase as a biomarker for safety 

Test the safest ones in transgenics with a dose response 

Test tolerability in rats 

Test in monkeys 



Our Phase I ASO screen 

ISIS will conduct a screen of 79 ASOs blocking human ATXN2 gene  

We should expect 12 ASOs for evaua'on in cells 

We want to reduce to 1‐3 oligos for further tes'ng 

Our Phase II ASO screen 

ISIS will conduct 3 screens of larger numbers of the following: 
 ASOs against human ATXN2 
 ASOs against mouse ATXN2 
 ASOs against human and mouse ATXN2 



ASO funcGon and ASOs for CAG repeat proteins 
•  The published so‐called “allele specific” ASOs targe'ng expanded CAG repeat genes 

also reduce wildtype some (Gagnon et al (David Corey)  Biochem 49:2010).   

•  Such ASOs are expected to also target other CAG repeat genes so must be thoroughly 
evaluated for specificity.   

•  ASO func'on: 
 ASOs bind the target RNA and the presence of the DNA‐RNA heteroduplex 
 s'mulates RNase H to degrade the RNA strand 

 For this reason ASOs must have high in vivo stringency because off‐target  binding 
 can lead to degrada'on of the wrong RNAs.  ISIS claims to have solved this problem 
 primarly through informa'cs.  Tes'ng for off‐target effects is difficult. 

•  ASOs targe'ng CAG repeats do not elicit RNase H ac'vity.  So its thought that these 
func'on by blocking transla'on.  Such ASOs work best when the CAG repeat is close 
to the start codon.  (might be ASOs targe'ng CAGs downstream work differently). 

•  ASOs targe'ng RNA made from cDNA do not seem to work. ASOs targe'ng preRNA 
work best for elici'ng RNase H ac'vity.  Thus we can not expect to test ASOs in our 
regular transgenic animals.  We have to use the BAC mice.   



Gagnon et al 



Can we get SCA2 paGent fibroblasts for 
ASO evaluaGon?? 



ASO ac'ons on the pre‐mRNA 

CAG repeat is involved in transla'on ini'a'on ?? 

Drug News Perspect 2001, 14(8): 453 



Duong’s Stereotaxic Instrument 







hkp://texasscien'fic.net/
products/index.php?
main_page=index&manufactu
rers_id=2 

ASI   $3850  Stoel'ng:  $5975 

Stoel'ng Co   
Customer Service: 800‐860‐9775 
Tech support:  630‐866‐9700 
loren@stoel'ngco.com 

Anesthesia Plavorm/Mouse Mask 
$345 



Isoflurane Vaporizer 

This is on the IVIS.  Stephen 
Lessnick said we can use it 
on the stereotax 



Huber Point 
(non‐coring) 

10 ul Hamilton Syringe 
Part number 1701 with 
detachable needle 
26 gauge 

Hamilton Syringe 



DissecGon 

From Plas'cs One 



SBIR  STTR 

Phase I:  $150,000 
6 months 

Phase II:  $1,000,000 
2 years 

Phase I:  $100,000 
1 year 

Phase II:  $750,000 
2 years 

SBIR & STTR:  Some of the NIH ICs offer the opportunity to submit Phase II Compe'ng Renewal 
applica'ons that will provide addi'onal funding for Phase II SBIR projects. These renewals are oKen 
offered for those projects that require regulatory approval for the product or service being developed or 
to support complex instrumenta'on, clinical research tools, and behavioral interven'ons/treatments. 

LIMITED AMOUNT OF AWARD 
For budgetary, administra've, or programma'c reasons, NINDS may decrease the length of an award 
and/or the budget recommended by a review commikee, or not fund an applica'on. Generally, NINDS 
does not fund Phase I applica'ons greater than $350,000 total cost per year for up to 2 years or Phase II 
applica'ons greater than $1,000,000 total cost per year for up to 3 years. Applicants considering a 
requested budget greater than these limits are strongly encouraged to contact program staff before 
submixng an applica'on. 

= $1.15 mil 

NINDS SBIR 

Phase I:  $350,000/yr 
2 years 

Phase II:  $1,000,000/yr 
3 years (compe'ng renewal allowed) 

= $3.35 mil +  = $0.85 mil 



ISIS PHARMACEUTICALS 







Transcrip'on factor paper 



Retrial 

None  FoxO1  FoxO3  FoxK1  FoxK2  None 





Forkheads are characterized by GTAAACA 

Georges et al., Generic binding sites, generic DNA‐binding domains: where does specific 
promoter recogni'on come from? FASEB Journal: 24,246‐56; 2010 



TF acGon on ProlacGn minimal promoter with ATXN2 27mer promoter frag 

TRIAL 1 

BEN     FOXK1   FOXK2   FOXO3 

tccgackccggtaaagagtccctatc  

tccgactCGAggtaaagagtccctatc  

tccgackccggtaTTCACtccctatc  

tccgactCGAggtaTTCACtccctatc  

Nothing 

“WT” 

“E” 

“DF” 

“EDF” 

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 

0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 

FF/Ren 
TRIAL 2 

FOXK1   FOXK2  FOXO3   NRF2    NONE 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

FF/Ren 

30% 16%  25% 

40% 37%  28% 



NRF2 ac'on on ATXN2‐luc 

5A3 d14  pGL2  5A3 d14 

NRF2  NRF2  NRF2  NONE  NONE 

22% increase by NERF2 that is eliminated by d14 



Transcrip'on Element Search System 

hkp://www.cbil.upenn.edu/tess/ 



NRF2 

•  NRF2 encoded by the NRE2L2 gene (Nuclear factor erythroid‐derived 2 like 2) 

•  “Master” regulator of the an'oxident response important for ameliora'ng reac've 
oxida've stress 

•  bZLP family TF including NFE2, NFE2L1, NFE2L2 dis'nct from Jun and Fos 

•  When stress is absent NRF2 binds KEAP1 leading to ubiqui'na'on and proteasomal 
degrada'on.  NRF2 t½ is 20 minutes when stress is absent.   Unbound NRF2 
translocates to the nucleus, binds MAF and the An'oxidant Response Element (ARE) 
ac'va'ng an'oxida've genes effec've for reducing oxida've stress, inflamma'on 
and disease.   

•  Among NRF2 targets are the mul'drug resistance‐associated proteins (MRPS).  NRF2 
is therefore a target for cancer. 

ATXN2 muta'onStress NRF2 expression to combat stressincreased ATXN2 expression 



MAF1  KEAP1 

NRF2 

•  No great Allen Atlas pictures 
•  Shows present in cerebellum in Gene Cards 
•  Some literature shows NRF2 induc'on in 

cerebellum in response to stress. 



GACCCCTCCGACTTCCGGTAAAGAGTCCCTATCCGCA   ATXN2 5’-UTR FRAG

GACCCCTCCGACTCGAGGTAAAGAGTCCCTATCCGCA   our “CGA” mutation in ETS core

GACCCCTC--------------GAGTCCCTATCCGCA   our “14bp del” mutation

                 GTAAACA                FOXK1 FOXK2 FOXO1 FOXO3

          ACTTCCGG                      ETS1 ELF1 ELF2

           CTTCCGGT                     NRF2

          ACTTCC                        MAF1


Red means reduced ATXN2‐luc 
Green means increased ATXN2‐luc 



U   T  U   T  U   T  U   T 

FOXO3 
FKHRL N15  

FOXO3 
FKHRL N16  

FOXK2 
ILF ab 

FOXO1 
FKHR ab 

Forkheads in HEK293 cells 

KK’s    5/18/2011 

Transfected (T) 
Untransfected (U) 

Tags:                        HA            HA            ?          FLAG 

Sharrocks didn’t state what tag he 
gave me on FOXK2‐‐his paper used 
3xFLAG and GFP.  I assume he 
gave me FLAG.  



Targe'ng individual TFs isn’t feasible because we predict side‐effects of 
some form of screwed‐up‐a‐genesis 

One way is to design a custom compound specifically blocking the TCC 
region.   

Another is decoy hairpin ODNs 

How do we use this for therapy for SCA2? 

Pyrrolobenzodiazepine polyamide GWL‐78 binds DNA 
preven'ng NF‐Y binding: Kotecha et al., Mol Cancer Ther 
7:1319;2008. 

Polyamides block DNA binding by HIF‐1.  Nickols et al., ACS 
Chem Biol. 2007 August 17; 2(8): 561–571. 

Decoy ODNs trapping STAT3 or NFkB in cytoplasm:  BMC Cell 
Biol. 2011 Apr 12;12:14. 

Others including one Methods Enz paper showing decoy ODN 
for sequestering CREB in suprachaisma'c nucleus to alter 
circadian clock. 



fin	




