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Neural correlates of ticklishness in
the rat somatosensory cortex

S. Ishiyama' and M. Brecht®>*

* Article: http://science.sciencemag.org/content/354/6313/757

>F= AFEO| ZHX| 88| =30t 2 (ultrasonic vocalization)s #&HCH ZHX| E(tickling)2 =OtRIA 7|52 S 2 & (rewarding)O| X2t ZHX| & 9| 7|51 M Abzt
A= Ot2] & ™ UAX| @It

> HIEFENR A AAZADSE ARLME|(Bernstein Zentren fuer Computational Neuroscience, BCCN) M. Brecht BfAI G EI2 7HX|E 0| F o] &g} M2, J2|n
XY™ M (Freudenspriinge)E FEetE &QISIRCH AFE 2 F K22 O E (somatosensory cortex) M2t B H(trunk region)AM Q| AMZAES 7|5 Z0E S
E29 FmHOAM 2o X 2 A3 &40| dojFd2 2SR, A0 NZESO|M= A= Qs 41F 240| AN kl= AS =QISHRACE ZHX|ZHof Cist
HS2 =0| &S (play behavior)of| CHPH H|ZF2Zt A4 HH-S(nontactile neural response)= 0|33, O| ZHX|Eat 50| s AFO|Q| AlE HItEAE HA[BHCE =2t
ok AEfl(anxiogenic condition)E= ZtX|E 2 20t A ZF T|E 24 (trunk cortex activity)s AMISHCE ME HZH T|E F2(deep-layer trunk cortex neuron)2 20|
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http://science.sciencemag.org/content/354/6313/757

Tickling of the ventral
trunk of a rat.

Play behavior: a rat
chasing the
experimenter’s hand.

Firing rate
(trunk tickling) [Hz]

20—

o

Firing rate [Hz]

***p<0.001
| |

0 20
Firing rate
(trunk gentle touch) [Hz]

Pre

m

Response index
(chasing hand)

=1.0

Dorsal Ventral Dorsal Ventral
tickling tickling gentle gentle tickling hand
touch

Break

touch
Break Break

1.07 =69

<}
ooo®
o i1
e o 2
0.0- 58, °
. o= oY o
T+)
- <]

p=0.455, ***p<0,001
|

|

-1.0 0.0 1.0

Response index
(trunk tickling)

Tail Chasing

o

Break

Break

Firing rate
(Break) [Hz]

**p<0,001
I I I

Firing rate
(Pre) [Hz]

Tickling and play behavior (chasing hand) modulate firing rate in
trunk somatosensory cortex neurons

(A) Left: Cytochrome oxidase stain of a coronal trunk somatosensory
cortex section (scale bar, 200 mm; D, dorsal; L, lateral; WM, white
matter). Right: Histology [black curves, layers; red ovals, lesions;
dashed line, tetrode track; cross, recording site of (B)]

(B) Histogram of firing rate in a layer 5a cell during tickling, touch,
and play (beige boxes; Pre, pre-interaction). Data were binned into
3-s intervals

(C) Firing rates in pre-interaction (Pre) versus in break (Wilcoxon
signed-rank test)

(D) Firing rates during trunk gentle touch versus trunk tickling
(Wilcoxon signed-rank test)

(E) Population data indicating a correlation between trunk tickling
and chasing hand response indices (r, Pearson linear correlation
coefficient; data fitted with line; n denotes number of cells)
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Nature. 2016 Nov 9. doi: 10.1038/nature20127. [Epub ahead of print]

A cannabinoid link between mitochondria and memory.

Hebert-Chatelain E1-23, Desprez T'-2, Serrat R12, Bellocchio L124 Soria-Gomez E'2, Busquets-Garcia A'2, Zottola AC'2, Delamarre A'2, Cannich A2,
Vincent P12, Varilh M2, Robin LM'2, Terral G2, Garcia-Fernandez MD®#®, Colavita M%7 Mazier W'2 Drago F’, Puente N&° Requero L%°, Elezgarai |
Dupuy JW'? Cota D'2, Lopez-Rodriquez ML'!, Barreda-Gémez G°, Massa F'2, Grandes P8°:12 Bénard G'2, Marsicano G'-2.

* Article: https://www.ncbi.nlm.nih.gov/pubmed/?term=A+cannabinoid+link+between+mitochondria+and+memory+

>0 MO| ME 52 O EZEC|OHATPE MASI7| 8l o HXILS ARSI MZE A7|2H0|A M3 &= DoKX 230 o|&Estct 24 7tLH| = 0|E 5= (cannabinoid
oAl 7| &M (amnesia)2 FE6HA &M, | OJEZE2|0F 20| EXSt= & 1 HLHH| L O0|E +=EX|(mtCB1) & d2 AYPMCZ O|EE

= O
intoxication)2 A& 1 5= =
12 BHSIA[Z = QUL Z|oMe] BHdA O EZE2|0t 7|5 Zo{of Ciot HalatA Fokof Ciet A= ZYUSHX| T skgat 7|92 Zafol 19| k7| s4t

E2|ot o4 x| 28

2ot O EZE2|0te] A0 =H 0| oot k2 & LM UX| &Lt

>EYA ZEUEAYSATR (INSERM) Giovanni Marsicano 2fAL AR 2 F oA s{OF mtCB1 8|2 &8sE SollM 28 7ILHH|0|E |FE 7| £40|
YolHS BHFUCE A2 sfotel DEZE2[0t0A CB1 &M 2l RTAL X7} 7ILiH|=0|E R O E2EC[0F 259, AlEA HE 8L 7|9 g9 248
AHlets 2A5HACE mtCB1 =8 M= O EZE2|0F L Goi B E 2hd=tet 10| HE ol Ol 2 AOIZEHA (sAQ)2| M E Salf L=TE S oiin, ZiXeZ
D EZEZ|of FXTHEA S EF ME FHo THHE F|LIOA A (PKA) 2| & Qlitste] AX= 2= ME S SHAZ O[O MCE si0F sAC Bd2| AN L= D|EZER(0}
L PKA M2 EEo] =8 E= SgH | M2 7R NDUFS29| l4tets FHLIHILEO0|E0| A O|UHX| 2ot 7| d& TutE AXSHUCE MetA, G BHHE A
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https://www.ncbi.nlm.nih.gov/pubmed/?term=A+cannabinoid+link+between+mitochondria+and+memory+
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Requirement of mtCB1 receptors for cannabinoid effects on
mitochondrial respiration and mobility, synaptic transmission
and memory.

i, Cannabinoid-induced impairment of novel object recognition
(NOR) memory requires mtCB1-receptor activation in the
hippocampus. Discrimination index values in the object-
recognition test of CB7**(GFP), CB7/(GFP, CB7/~(CB1) and
CB7 7/ (DN22-CB1) mice treated with vehicle (white bars) or the
CB1 agonist WIN.
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A brain-spine interface alleviating gait deficits after
spinal cord injury in primates

Marco Capogrossob2#, Tomislav Milekovict*, David Borton"®#, Fabien Wagner!, Eduardo Martin Moraud?,
Jean-Baptiste Mignardot!, Nicolas Buse?, Jerome Gandar!, Quentin Barraud!, David Xing?, Elodie Rey!, Simone Duis!,
Yang ]ianzhongs, Wai Kin D. Ko®, Qin Li>®, Peter Detemple7, Tim Denison?, Silvestro Micera®8, Erwan Bezard>6:910,
Jocelyne Bloch!" & Grégoire Courtinel!!

* Article: http://www.nature.com/nature/journal/v539/n7628/full/nature20118.html

M| S FH YN HSHO|, A4 i3, F50| MY MI, 1041 AT HE Jhs

> ALLLE M3 NPl A4E SR OpH| BAHE XIRE & Qs 7|&0| BT} ORASICE e
O MR 22 258-508F B M74LED QUX|DH XISMKI OHESH X|2 #0| §ACt

> JBPotE REE AA ETAYIH ILES SHMO| OHH|H HS0[o| ot Mo NFE
HMIIHIE Mol HAHOE HA| ot O MBCHD 9Y(HA| AIZh Dke BteX| LI0|KE Sof

> R2E DSHS A MZME Al D|OFS MHHT|Z MBS FaEerhe Yo FIYUCL ARTIL
F 79 220 K4 MHO| 4E 20| £ Or2|of b0 AH HIS M T3, 07| LU
2HOZ S2MA| HEots FXIS DANUCE HojA LHRI YO FA| sf2iof 4 MIS AH ez
SE|E2 DOksh 20|t MY 2N £ Of2] 850] B YYHO HSH0Z FEYC

> FEE I4E =2S SO 0lH ATON ABE NFNS GfE, MY WA So| Vw2 MR o
SRt K20 BEY 4 AUS Hol2tD HH


http://www.nature.com/nature/journal/v539/n7628/full/nature20118.html
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Proc Natl Acad Sci U S A. 2016 Nov 9. pii: 201607984. [Epub ahead of print]

Model-driven experimental approach reveals the complex regulatory distribution of p53 by the circadian
factor Period 2.

Gotoh T, Kim JK2, Liu J', Vila-Caballer M', Stauffer PE', Tyson JJ3, Finkielstein CV4.

* Article: https://www.ncbi.nlm.nih.gov/pubmed/?term=Model-driven+experimental+approach+reveals+the+complex+requlatory+distribution+of+p53+by+the+circadian+factor+Period +2+

> = AFZTIO] X L] o ANl |TIXte| 20| 24A[2E FI| 2 HEStE HEIE o DI 2YEA S 018 AHULE

> BIWI|E %(msng A2 U SElmetat AMZ BT 43 SUYS 0|8 OfF B MHAATL & AR SHRLQ ps53' THMTO| 24412 F7| 2]

2
52 BHEO|ER| FHHUCID 102 Lt

> 5 & uSpHO] U MHAIZE 24412t F712) 2152 YW BEORM P2 SO WSO ME|H HAS KL OF oAV EH & & WatEH B
220| SH5h A AIZHO] £BS FoPH Bl HE YA A HSOICh BXOI 2T IHRR SO WHAIAI DAED D, &, A, Xof 5 Cf
o3t HTYHS Qe + Ut

> ATES 20149 M ATE Sof p539) YO| YW HO| OFLIZ 24AI2H2 FI|2 WBICHE HS BECL SHRIDH O 2|2 MHAIAT} ps3o| Y2 X
MOHEAlE & 4 QIO pS32 AR X AIAH FOIME IS SFe) AT RS XS A2 WelL7| HX| &7 ol

p530| 83t LIS HOMEL Of 10| A L|StA|


https://www.ncbi.nlm.nih.gov/pubmed/?term=Model-driven+experimental+approach+reveals+the+complex+regulatory+distribution+of+p53+by+the+circadian+factor+Period+2+
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Nat Commun. 2016 Sep 29;7:12611. doi: 10.1038/ncomms12611.

Unsupervised learning in probabilistic neural networks with multi-state metal-oxide memristive synapses.
Serb A, Bill J23, Khiat A!, Berdan R4, Legenstein R?, Prodromakis T.

* Article: https://www.ncbi.nlm.nih.gov/pubmed/?term=Unsupervised +learning +in+probabilistic+ neural + networks +with+multi-state + metal-oxide + memristive + synapses

> g3 AFE0| QlzZte| k| E B HHES W = Ae LH0[E (1002 22 1mm)37(2] QUI A A S TtE= O] L3t

> A3 ARAMEC] HXAEFE SO FHUA ME DSFEI2 Lo ST Yust HEYIE U e O SHUSE
‘He|AEE O|8UCt H2|AE= 'HEE2|(memory) 2t A (resistor)’2| SHIOCt LHE FEI X/X[X| = Li0O[H
371o| Hlgd mze2| Ho|H o2 HE HASHY|of Helst 20| FFo|ct

> Ol HZ|AHTZE MZAMI ALO[O] KT AlHA ASE SiAM M2 O|UX2EE Lo 7| =& NESHHL e =
U= MER SEFGES A =t

> CIFE2 o2 7Hel He|AHE AZT F| AFH AZEQIOE 0|8¢f Ho{stH &= L|o| ZazttAlnt G2 AZMELS
Toe & QS Ho= MU

> Ol AT E st LI=FAL7|3 HOjA Z2ER0H|A s "L 7|9 ME|AHE o AZ3| 22| HIHIO|EHE AA|
te

et Z0|2tH " S Ofsists 7| el T2t AHHE HiE 4 Atk ZRCH 0] A& 'HIo[A

~ University of Southampton K| &


https://www.ncbi.nlm.nih.gov/pubmed/?term=Unsupervised+learning+in+probabilistic+neural+networks+with+multi-state+metal-oxide+memristive+synapses

-y
0L 2HY & A7 Ot 5
6. | 2 == 'TY5 A FHX HO| 1H =5 mozsdo)

DIXDC1 Phosphorylation and Control of Dendritic
Morphology Are Impaired by Rare Genetic Variants

Vickie Kwan,'? Durga Praveen Meka,®> Sean H. White,"-? Claudia L. Hung,? Nicholas T. Holzapfel,'-> Susan Walker,*->
Nadeem Murtaza,’-? Brianna K. Unda,-? Birgit Schwanke,® Ryan K.C. Yuen,** Kendra Habing,'-? Chloe Milsom,’:?
Kristin J. Hope,':? Ray Truant,” Stephen W. Scherer,*° Froylan Calderon de Anda,® and Karun K. Singh.%:6.*

* Article: http://www.cell.com/cell-reports/pdf/S2211-1247(16)31467-X.pdf

>kl U7 WS Wolshn k| BHS SFE NHSS Y= U MYOIMS QA HO|T FY, OIS HITLOE M2 XHT KRHO WYY 4 U2 HO= i)
g3 it
>9% WORAE|THS AFEO| ‘Cell Reports'XI0f 5131 M2 ARZT0| 0|5} XHSS = YR AZOIM DIXDCT SHXILY HO|7H AMA HT 24T k| Ty

5}
Ao =2 LIELGCE
>ATLZL ANHES S= L5 AFEOA DIXDCT FE AL B#0[7F DIXDC1 THMEO| | MZ7F A|YAS H-E5HE S X[AISHA| Z5HA ot= A2 =2 LIEFRLL

>EMZ N EE e €7 MES2 DIXDCT FEAZE 20| St oh= OIS 7HX|2 U0 A7t Dl g JEI2 ot A L2 dr Haks A2 LIE}
Vs

>oIT AH SO et X 2@ 2 plel HA| s RES Sl F8 Sd2 20|11 A== Sl 7Is= /i Al7|= Bt Ol A7 E Sl A EH2 "ZHNE AHSS
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http://www.cell.com/cell-reports/pdf/S2211-1247(16)31467-X.pdf
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Laganiere S', Boes AD', Fox MD?.

Neurology. 2016 Jun 7;86(23):2167-95. doi: 10.1212/WNL.0000000000002741. Epub 2016 May 11.
Network localization of hemichorea-hemiballismus.

* Article: https://www.ncbi.nlm.nih.gov/pubmed/?term=Network+localization+of + hemichorea-hemiballismus

"Zb X|2Zt Yo7 £ HUZH HH RO}
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consciousness)’< XpAdp XpA FEHZ K| 2
L (@)

= Zh ( fag? )

Brainstem

>0 7+24|, 0| SHHECHS o|aicl H|AOo|AZfAo| = ME]{(Beth Israel Deaconess Medical Center; BIDMC)2| & —
TZ2 elAle] =FEat {X[0 BLiet S ol A2 B0l §¥ k| YSat O AAYS HopCH HZ
£ =X <mEZX[(Neurology)>0fl E0HCH s
>=80| ZE MUKl OI0|2 EA(Michael Fox)= |ZME BEXROIN, "QAlS Yo7 & 74X| H4Z7H0) Medulla
Zf-d(arousal)dt X|Z(awareness) 2|, £2| HFTO0| 24 g 2HEch 7t FY, 2|0 X241 e OjE S9=S Haslan ey
O|0{F&= A& (a connection)E MS2E ROHCH D THCE D= "HE2 SHESO0| 217t oAl H& S St= 0| A Vertebral arteries
A (network)2| EXE 2O ELH 2 HE=ACH » &| ZHbrainstem). S/ Wikimedia Commons


https://www.ncbi.nlm.nih.gov/pubmed/?term=Network+localization+of+hemichorea-hemiballismus
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'O Al ol - _|_’ aaod zidaF XFO} s
o|Alo| HofLt= -!l'-l 3 AFAT AL (7'"'—'7)

>ATEZ L7t &4 2t} 36 E e = AFE ZIHRUCE 2kXf 36 7h20 12F2 Fo[4] S Efo] it AR
242 Z| 7t =4S UULLHME oA HENO| ARULCE
>N Bt oledE BEEXtE, 2|0 =F X522 EH, A7L2 5240 L7 =42 el g5 e =
o EfOf HHEX| D YR SHXbE QJAMENE FX[St= O|FE HAYsHE ot k[7tel EF &4 £2E HOfLIMCE of Ao
M, = ZHof] e A2 HYQl '9|Z B Q|Z W k|| 7 (rostral dorsolateral pontine tegmentum)' 7t 24 &E{Qt SFEISHA &t
[0 U= A2 LIEFGCE 2HHEQ| L7t &4 XL 128 T 10HTHE|A O] X|HO| &4 E A= ZESon, oA HE|
O k|7t &4 At 24F S0l 1YTHO| O] &40| =Lt
8 o] 3 £|7t XIFO| Ct2 & £9l0| o] FAST} AL/ ALK FHHC S

>AFT2 Ol HEYs S 2Mel §Y [z F0| ik T2 Us ==
'®ZE OO &' (pregenual anterior cingulate cortex; pACC)O|2t= & Gt AZAYZ O|F 1 UZ S HOHHCLH o & &
= 00| ZEOo|Lt X2} 7| sit 2t RO 2 5 YASLL O/ A0 & FHo| EF =fZF X[H1 HZY = O|F

=0
ALt= AHO] K& 85Tl AO|Ct.

AF2 758 A7ISYSE(EMRNE 0|83 SLE A= 2ZF JEHO]| tEl 2HX} 4582 k| S 2HEof, O[FSHHIM O] &
u ]

» CHe| D& UAes F Y, Z 'AHIZ A Y (ventral anterior insula; A1} ‘QHZ CH 4 | PACC (pregenual anterior cingulate cortex:
= K| . e o . A& QiAmA) | & : wikipedia.org
I| &'(pregenual anterior cingulate cortex; pACC). &%/ Wikimedia Commons
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