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Bidirectional electromagnetic control of the
hypothalamus regulates feeding and metabolism

Sarah A. Stanley', Leah Kelly!, Kaamashri N. Latcha', Sarah F. Schmidt!, Xiaofei Yu!, Alexander R. Nectow!, Jeremy Sauer?,
Jonathan P. Dyke?®, Jonathan S. Dordick? & Jeffrey M. Friedman'*
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Remote neural activation in vivo a Electromagnetic . d
using radio waves il ® : Insulin Glucagon GIucose-GF-zEIr;\osphatase
- a, Schema of activation system. 'i 15+ 104 § 4 .
- b, ¢, Change in blood glucose (b) and Rl ol — S 8- _[_ g 5
cumulative blood glucose (c) with RF é 1.04 § o 3
treatment of GK-Cre mice. ChR2, i N = 5 ) % 2
channelrhodopsin 2. 2 %1 - g, ] 2 14
- d, RF treatment of GK-Cre (GK) or s ® ~ ; O , 5 .
Wl|dtype (WT) mice with VMH Ad- An(i-GFP/’ e ® @ WT NanoVi  Gek NanoV1 WT Nanov1  Gek Nanovi - WT NanoV1  Gck NanoV1
. .. camelid nanobody
FLEX-anti-GFP-TRPV1/GFP-ferritin on GFP-ferritin B WT, Anti-GFP-TRPV1/GFP-ferritin Il WT, Anti-GFP-TRPV1/GFP—ferritn M@ WT, Anti-GFP-TRPV1/GFP—ferritin
plasma insulin glucagon and hepatic GK, Anti-GFP-TRPV1/GFP-ferritin GK, Anti-GFP-TRPV1/GFP-ferritin GK, Anti-GFP-TRPV1/GFP-ferritin
!
glucose-6-phosphatase expression. WT Colcams; g Sodkar
nanoV1 refers to wild-type mice with b 150 1 &
VMH injection of Ad-FLEX-anti-GFP- = RF/LIGHT .
TRPV1/GFP-ferritin, Gck NanoV1 - T ' ,
indicates GK-Cre mice with VMH ) g .
injection of Ad-FLEX-anti-GFP- &
TRPV1/GFP-ferritin. § >
F; =
- o 50- = * *
% Radio frequency (RF) S § LT
° S ' i
8 31 3
o Time (min)
Gk-Cre < =1 ! < | N
Q \T 5000] I Anti-GFP-TRPV1/GFP-ferritin, no RF
5 -@- Anti-GFP-TRPV1/GFP-ferritin, no RF Il Anti-GFP-TRPV1/GFP-ferritin, RF
5 —A- Anti-GFP-TRPV1/GFP-ferritin, RF @ chR2, no light
~- ChR2 Bl ChR2, light
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Thalamic reticular impairment underlies
attention deficit in Ptchdl’’'— mice

Michael F. Wells"?#, Ralf D. Wimmer®*#, L. lan Schmitt>*, Guoping Feng®® & Michael M. Halassa®>*°®7
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MZA MZ=E O35 Al4 U4 38 (thalamic reticular nucleus, TRN)O|A MEHMo 2 WHEZ Bagh Lot AFRE2 prehd7 222 SK(small conductance calcium-
dependent potassium currents) A 20| AR E 7|2S S8 TRN &d= ALAI7[1, Prchd72| TRN Mehd A&2 Fo|8 AE tddsS FEoHH, of2|<tH
SKXHE 2ol F7t0f Qs & 7HX| Z40| 35 E S =Qle MAH(global) Pichd? FTA A2 ST, IHY 549 8l 25 HOE =i, 0|23 TAE2
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Hyperactivity
Pre Veh. 1-EBIO
d Pre-injection e ok
2.51 1 @ WT veh. 159 T
' @ WT1-EBIO =
2.0 1 =& KO -
a— ' veh. -~
£ : 8 101
g 15 ; KO 1-EBIO £ LU
) = i 3
W £ 1.01 3 ® NS
"<
© Q 0.5‘ ° +
o) 4 = '
45 v+
0 -‘_ - =
Base 1-EBIO  Base 1-EBIO Time (min) WT KO WT KO WT KO
WT KO
Attention Learning
Ptchd1 WT Ptchd1 KO
b Baseline Distractor ©  Baseline Distractor f 4007 @ wrven. s NG
; : 5 P e WT 1-EBIO
50y NS~ 300r _NS 50 _NS 300 @ LA
s 0 I - & 9 300 KO veh.
e 2, gl £ < KO 1-EBIO
Sool g=4 | w3l @2 22007 § S 200- ®
o | 3 2 | s | & Q = NS =
S 20t .3 520} o 8 S ——r %
] 8 % 100 ----%- - ;’100 _______ Q 100+ & Q
10} o 10} 5 T -
& w - S 5
g " 0 Yoo oL I k¥ W .
Veh. 1-EBIO Veh. 1-EBIO Veh. 1-EBIO Veh. 1-EBIO Pre-shock 24 h

SK conductance augmentation corrects ADHD-like

symptoms in knockout mice

- a, 1-EBIO corrects inhibitory transients in
knockouts.

- b, ¢, 1-EBIO improves attention performance in

knockout mice. Dashed lines, baseline

performance; grey bars connect data points from

the same animal.

d, e, 1-EBIO rescues hyperactivity in knockouts.

- f, Treatment with 1-EBIO did not affect inhibitory
avoidance.

X 1-ethyl-benzimidazolinone (1-EBIO) : SK positive
allosteric modulator
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