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Why study promoters of ion channels?

* Abnormal expression

of ion channels
contributes to human
disease

— E.g. Na,1.3

— E.g. Na,1.8

 Tissue-selective
targeting of ion
channels
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TABLE 1
Expression of SNS in Inflammatory and Neuropathic Pain Models
% SNS mRNA
Treatment normalized to controls

Freund's adjuvant 72 h 91% SE7)n=19
NGFinvivo4 h 95% (SE10) n =19
NGF invivo 24 h 103% (SE13) n=9
Immunoreactive protein in NGF-treated

DRG explants (7 days) 125% (SE9)n=3
NGF in vitro 7 days 117% (SE8)n=13
CGRP levels in the same cells 413% (SE39)n=3
Axotomy 7 days 36% (SE4) n=14
Axotomy 14 days 26% (SET)n=4
Diabetic neuropathy 4 weeks T4% (SE12) n=14
Nerve ligation Holtzman strain 3 weeks 23% (SE1T)n=14
Nerve ligation Harlan strain 3 weeks 58% (SE24)n=14
Neonatal capsaicin 7 weeks 47% (SE4) n=14
Neonatal capsaicin plus ligature at 5 weeks 2% (SET)n=4

Ligature alone at 5 weeks 54% (SE19) n =3




Our approach: Scnl0a promoter

« Develop tools to study
regulation of Scnl0a
promoter

° Why Scnloa/Navl_B? Scnl0a transcript assay

— Very selective
expression pattern

— Abnormal expression
in human disease
states &7

« E.g. Multiple sclerosis Tissue
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Our approach: Scnl0a promoter

11598-11602 | PNAS | October 10,2000 | vol.97 | no.21

° DevelOp tOOIS to StUdy Sensory neuron-specific sodium channel SNS is

abnormally expressed in the brains of mice

reg u Iatlon Of Scn 1oa with experimental allergic encephalomyelitis

and humans with multiple sclerosis
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* Why Scnl10a/Na,1.87? Wi e MS

. patient
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expression pattern :

— Abnormal expression B S T patient
In human disease BN S A
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Normal Sense
patient probe



Highlights of Scnl10a promoter studies

. ScnlOa promoter constructs

» |dentification of putative Scnl10a promoter

II. Scnl0a-EGFP transgenic mouse

» Validation of mouse model
» Growth factor regulation of expression
» Cell lineage-dependent regulation of expression

» Novel Na, 1.8 expression in CNS



|. Scn10a promoter constructs
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Il. Scn10a-EGFP transgenic mouse

Cellular/Molecular The Joumal of eurosience, May 20,2015 - 5120180218034 - 8021 . Eig?;rosr‘;n C57BL/6N-T9 (Scn 10a-EG FP)Ame/J
A 3.7 kb Fragment of the Mouse Scn10a Gene Promoter frzze, | StOCK#025400

Directs Neural Crest But Not Placodal Lineage EGFP
Expression in a Transgenic Animal
TSS ATG
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Il. Scn10a-EGFP transgenic mouse

Phase EGFP Na,1.8-IR

Na 1.8-IR intensity

T 7 8 1000
GFP intensity

» 80% Na,1.8-IR+ve cells are EGFP+ve
» 70% EGFP+ve cells are Na,/1.8-IR+ve



Il. Scn10a-EGFP transgenic mouse
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> A 3.7 kb fragment of the Scnl10a promoter
recapitulates most Na, 1.8 expression in vivo.



Regulation of Na,/ 1.8 expression
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Regulation of Na,/ 1.8 expression

TSS ATG

EGFP Na 1.8-IR e I ma
EGFP gene polyA
4
o
Jugu_lar > E,. . R *%% P<0.001
ganglion s . . 5
: I %
o 407
2
C -g 20_
X
Nodose _ 0-
ganglion OQ\Q N
&

X
&

» Placodal-derived sensory neurons utilize
additional promoter elements to regulate
Na, 1.8 expression



Novel Na,/ 1.8 expression in the CNS

EGFP Na 1.8-1R Merged
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> Functional Na,, 1.8 protein expressed in the
CNS
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Conclusions

> A 3.7 kb promoter fragment of the mouse
ScnlOa gene directs expression in
sensory neurons of neural crest descent.

> Transgenic Scn1l0a-EGFP mouse a useful
tool to study regulation of Na,,1.8
expression.
— Real-time changes in Na,/ 1.8 expression
— Novel expression of Na,/1.8



Targeting ion channels to treat pain?

Adult
DRG

Molecular Therapy vol. 21 no. 1 jan. 2013

Virus-mediated shRNA Knockdown of Na 1.3
in Rat Dorsal Root Ganglion Attenuates Nerve
Injury-induced Neuropathic Pain
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Research

Nerve injury induces robust allodynia and ectopic discharges in
Na, 1.3 null mutant mice
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Other placodal-derived ganglia

Petrosal Geniculate Trigeminal
ganglion ganglion ganglion




Na, 1.8 in CNS tissues
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cortex pallidus hypothalamus tubercle
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Ectopic expression in Scnl0a-EGFP mouse
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Analysis program for ICC experiments
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Controls for ICC experiments
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Characterization of EGFP+ve DRG neurons

# cells

6001

4001

2001

10

0 All EGFP+ve
B EGFP+ve and IB4+ve

20 30 40 50
Cell diameter (um)

Table 1. Characterization of the EGFP-positive peripheral sensory neuron

population”
% double-labeled cells % double-labeled cells
(as % EGFP-positive (35 % label-positive
Label % positive for label  cells) cells)
For DRG newrons
EGFP, transgene  45.7 = 2.2 (40)
expression
EGEFP-IR B[S *E36104) 7912 907+ 18
Na,1.8 M6 +22012) 60.7 = 1.6 B0.2 = 456
1B+ 354 +15018) 56717 752 =412
(CGRP 146 = 1.1(5) 187 =09 614 = 40
Substance P 8.0+ 08(4) 1209 459 = 47
(B 36.5+13(12) 0610 N4+£17
NF200 159+1.10) 8614 108 +33
TH 9.0 = 0.7 (5) 5603 22x39
Na,1.7 913 +3009) %BEx=17 41.9 =50
For ND neurons
EGFP, transgene 7.0 = 1.2 (13)
expression
Na,1.8 46.1 +9.01(5) 829 =102 146 =38
10°
GFP(+)
101-
& 1
&5 10'
10°
& GFP(-)
0 2(‘)0 4(:)0 6(‘)0 BllJO 1(]‘00
Live Cell Gate FSC (Cell Size)
Gate %Total %Gated
All 4.65 100.00
GFP(-) 2.60 55.89

GFP(+)  2.05

4411



