« Computational genetic analyses in mice
enable translatable genetic discoveries

Narcotic Drug Addiction
Neuropathic Pain

- Integrative approaches for analysis
of complex pathobiology
Acetaminophen Toxicity
Narcotic Drug Responses

Computational Tools Accelerate
the Pace of Genetic Discovery

“You can't possibly do that" I ey

QTL Analysis Computational Analysis
Produce, Genotype and Order and Phenotype
Phenotype 200-1000 F2 10-20 Strains

Each F2 is unique Can reorderstrain
Analyze 10-70 Mb Individual Epfﬂ'zﬂs]
3-5 scientists "1 scientist.

3-10 years == <1 day




Mouse SNP Database:
Catalogue of Genetic Variation

* NIH funded Database

240,000 SNPs
19 strains
3200 genes

+ 'Haplotypic’ patterns
enable computational
mapping

* http://mouseSNP.roche.com

Jianmel Wang Guochun Lisg Science 106: 630, 2004

Haplotype-Based Mapping

Cuantitative Trait: One-way ANOVA
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Computational Genetic Mapping

Gene dournal Your

in silico Genetics AHR Serence 2001
Gene Expression H}-Ea Scence 004
Pharmacogenatics

‘Warfanin Cyp2c29 Nat. Bolech 2006
Irnokecan Ugttal PNAS 007
P38 Knase Inhibitor Aoxt Phamacod 4 2010
Infection Susceptibility

Aspargiosis Plg PloS Path, 2008
Respiratory Syncitial Viug ~ H2 JoImmunal. 2010
Candida Crs Indec. tmmun. 2011
HNarcotie Drug-Addictian

Machanical Hyperaigesia  Ado? Anssepciogy 2006
Thermal Hyperalgesia Abchib PGG 2006
Aralgesia Kenjd PGG 2008
‘Withdrawal Hida PGG 2009
Infia Pain

Earty Formaln Response AlpI1b3 Pain 2005
Late Formatin Responsa Mapkf Mal, Pain 2010
HNeurophathic Pain P27 Suberitiod 2om
Wound Biology Nalpfh Avkzen el 2000




Narcotic Drug Addiction:
An latrogenic Public Health Problem

+ Prescription Narcatic Drugs

= 50% of chronic pan patients e
= Abused by 11 M peopie per month Wicodn
V20 per ywar
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« Sub-optimal Manag t

- Controlled substancas B ;
— No new approach in 30 yrs
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Murine Model: Narcotic Dependence
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« Measure in 18 Strains

= Computational Gensbcs
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Computational Genetics: Morphine Dependence
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5-HT Receptors

+ Serctonin (SHT)
= Mood, cognition, circadian rhythm, pain...
= Synthesis: Raphe, midorain & pons

+ 5HT3 Receptor: (one of 7 families)
= Ligand-gated ion channe!: § subunils
= Antagonists: close Agonists: open
= Modulate transmitier release: DA, GABA, SHT
= Cortex, amygdala, nucleus accumbens

-5HT3 Antagonist =
-Chemotherapy-induced nausea —

- Ordanseron (Zokn
-Weil tolerated with few side effects FDA :;:a;;; m;?

8 mg bid or td

5-HT3a Receptor & Narcotic Dependence??

Ondansetron
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5HT3a & Narcotic Drug Addiction

+ Genetic Analysis -> Novel Solution
for dependence & withdrawal

+ 5HT3 Antagonists
effective in mouse & man
[ ]
+ 'Medical Vaccination'
to remedy an iatrogenic problem

Piacsnacogmentes bod Canarca 19 151 2008

Genetic Analysis: Incisional Wound Biology

Full Thickness Skin incision:
16 Strains, 24 hr

Anatyze 16 Cytokines
mRNA Profile: 35K Genas

Hapiotype-Based Genotc Analysis . el 111 regulates tne preduction of
multiple inflammatory mediators
Seiect candidate gene(s)
l Perioperative 1L-1 inhibiton can reduce post-

surgical pain and inflammaton
Experimental Analyss

i1 vitro & In vivo mouse Cinical Triai begun at Stanford 2011:
-Human surgical ncisions Wil penoperative administraton of an
and sunburms IL-1 Inhibitor reduce incisional pain?

Spared Nerve Injury (SNI)
a rodent model of chronic pain
+  Partal sclatic nerve injury is a model far neuropathic pain
- Ligate 2 branches of Sciasc Nerve
= Sural nerve i “spared

+  Rapid (<24 hr), prolonged (> 6 month)
changes in the Sural N. disiributon:

= Sciatc Nerve

— Mechanical hyparsensittity L

- Hyperaigesia Caomman Tibial

- Cold alodynia Peroreal

= Heal hyperaigesia - —
= B

Pain B7:148, 2000




Murine Genetic Model of Chronic Pain
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Day: -14 7 "4 T 14 n m

M change in mechanical h itivity after SNI in 18 Strains

All experiments performed at McGill (Mogil), and verifled at MGH (Woolf)

P2rX7 Alleles and Chronic Pain

ATP-gated channel (JATP] > 100 uM)
mostly homameric

P inantly don cells
But also in CNS: microglia, astrocytes &
pre-synaptic terminals

Non-selective cationic channel

Prolonged stimuli induces ‘large’ pore formation
(solutes =800 Da)

Functions at the 'Neuro-lmmune’ Interface
Immune ceil apoptosis
IL-1 & TNF-u secretion
Neuronal glutamate release

Could P2rX7 Alleles Affect Chronic Pain Responses?

Murine Genetics P2XT (231 b o Che 8}

28 munne SNPs -> 2 hapictypes

1 mi SNP I cytoplasmicLall TR0 1LY I

Hypo-functional Leu allele alters
pore formation & apoplosis®

451Leu allele:
} mech. hypersens. after SNI
but no effect on basal response

Avg % Change

Threshold (g)

"3 immred 165 4108 2007




P2rx7 & Chronic Pain

+ P2rx7 alielic differences alter
- Exporimental pain response in mice
~ Chronic pain in humans

* P27 pore formation (but net channel
function) is key
~ Peptides active in spinal cord-DRG

+ Enable 'Personalized Pain Medicing'
- Ra: target pore formation
- Dx: individuals with responsive
alleles

‘Next Generation' Computational Genetic Mapping

Whole Genome SNP dB

Use genome sequence
~12M SNPs per strain

MNew Block Construction Method
Reduces false negatives

Dynamic Block Construction

30K-fold faster
Customized & 'real time'

Iefection and Imerty, i Prass
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= Comensal fungus E i

86% of fungal infections in
immunocompromised pts
47% mortality in ICU patients

« Mimics human infection {#’
b
Brain & kidney are larget organs
Death results from kidney failure
+ Complement has a well defined role
C5 daficient mice have poor survival
50% of strains are C5 deficient

...nut, C§ is not the whole story!

Murine Models of Candida Albicans Infection
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Differential Strain Survival After C. Albicans Infection

Day: 0 1 2 3

Surmval (dmy1)

Lo (UL ssa)

Survival after Candida albicans Infection
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The Complement Cascade
Eliminate Unwanted Debris via Opsenization or Lysis
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C1 Genes: Common Haplotypic Pattern
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C1s haplotype Affects Serum C1q Binding to C. albicans

<incubate sarum with C. aibicans cells
-Develop with rasbit ant-C1q antibody
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C1g-r/s alleles affect C1qg binding to C. albicans
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C1q-r/s alleles affect Binding and Survival
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Combinatarial Genetic Model: C5 & C1s Alleles Predict Survival

Survival (days)

S W0 ki ETR DEA  wx MR s 131 193

C5 status: :‘-—-.. Daficient ; uf’c ent ; Suﬂ'»aanl

C1s haplotype: tor2
Avg. Survival (days): 227 ;1

Testing the Model: Predicted vs. Measured Survival

Garotype Median Survival (days)
Simin e} L1z  Emdgled  Mozsued
swy . 1 421 3
MRL - 2 913 8
DBA/ ’ 2 831 ]
s - 2 233 8
LG . 2 811 12
Summary

+ Conditional, Combinatorial Genetic Model
- C54&C1s alleles delermine sunvival
after C. albicans infection

« C1 alleles affect C1 activity

+ This may advance our knowledge about
5t plibility to other d

- Autcimmunity (MRL, NZBINZW)

=~ Neurodagenerative Diseases

inctim g manty . prens 2514

10



Combinatarial C' Alleles in Autoimmune Disease Susceptibility
B6.Nba2 mice develop autcantibodies
* MRL and NZW

P
-prototypic SLE models = 196 anti-Histana (Wmi) -
-complement dependent s - -
Cs+and Clshaplotype 2, : o
* MRL Jpr mutation I: w,.._, é-. T ;5 -‘Q
Bs ae Bix BdNza WIBx
+ B6.Nba2 congenic mice” L NIV NIW NIW
-NZB Chr 1 region onto BG ...but not renal disease
* Autoimmune Disease may require o
-Multiple C' alleles oot
-plus autsimmune allales i
MHC, Lpr, i202 or others.... L
*_ B
a
“immundy 15:435, 2001
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