L Spike-timing-dependent plasticity and subcortical waves
""" enhance alpha oscillations in a computer model of neocortex

. 2 2 . .2 2-4
SA Neymotin, CC Kerr, GL Chadderdon, C Fetkiewicz, WW Lytton
SUNY Downstate/NYU-Poly BME Program (1), Dept. Phys. & Pharm.(2), Neurology (3), SUNY Downstate, Dept. Neurology, Kings County Hospital Center (4)

nm-_n% HOSPITAL

| Intrpductlon_ | STDP at E->E synapses may promote Overlearning: STDP and subcortical, 16 Hz signal
A prominent neocortical alpha oscillation emerges epileptiform activity. to E4 induces epileptiform oscillations

over the first several years of life. Slow oscillations . ~ . “
Fl’»»& uvﬁ’ﬂ» g Fﬂ» ?. m :

are generated during development in retina and other x ‘:“
tissues and contribute to wiring synaptic circuitry. We 2 ¥ b2

s ¢ . -c. . '. -
. . s - " 4 ’ - -y - ML
hypothesized that these waves projected upwards from 2 : I % 3 oo 4 ___z-e e S R g, ?; ...5, ,-\.ﬁ,w SR
subcortical centers could also train neocortex to produce = <+ & . - ) J ' E2 ST S S S S S . T T2 s, i, ow
alpha oscillations. We here show that frequencies of this | ... .. e e e e o " laL ' - o - ' -
. . . % X o 0" :.“‘.’. - * .o.. . .0'. :.“ TR . T s T 2% .“. . T et T tee.t  eRgpa e T L3N :L
range could emerge in the network via a process of PUL, e e TR TR e T e ; R N S TR A | £t 3= Trd
. . . . . * . :.& « * * . o* * . ™ 5L 100 ms ) - . - ) . . .' es
spike-timing-dependent plasticity (STDP). o 2l R e s e i AT ' -
LTRSSl . A TR DA T ! - Excitatory baseline Inhibitory
L4 . A : . T 0ot P .« E5R _ post-STDP
Methods PO T e s %
N Y “evee o ": od _— '.,., “ ' s "3 _ee .
Layered neocortical column SRR LTI S LTI e ey k4
Layer 1} 1]~ E2 . ¢ " . . . . ¢ A . . L g
- 2L . o, . . . o, 2
W P ‘ - . . .
=T A ? g?iﬁ f; }“;::‘AA ,‘AA ; 4 IE24 200 ms | SUS TR \
=0t Layers 2/3| ‘ _A‘} ) :A:A R A: AAA‘A‘ A‘AAA {1 . :jL O — 00 requency (Hz) 100
e AT LA ] D e
' r werd| s w0 = ce || . o | Balanced STDP from E->E and E->l synapses prevents Learning reflected in changes of firing rates of specific
: —= s e i 1 B epileptiform activity, by attenuating spread of excitation. subpopulatlons (Iargely Iayers 2/3 and 4)
A ag ‘ .. 4‘. :2L A r‘ g 4 e als . ;;.:-__.5;_--.&-_:_:'.,‘..._.': "t e s 2Ty ey TR e , - A B ~ S Bocolne
Layer 6| sue & aaata g e arfa S0 A8 _ : o - - : 307 1 e BN No training signal
B 4 ACLT T 4 a%en 3TAL A, . _— '. ) e . . . .. . . 2 : - 5| | ol I 8 Hz training signal ||
- N - - ;‘E? g [ 16 Hz training signal
Connectivity: Color represents the normalized FURT T Y T ek LT T e T
i . :":'- ‘a...-\..:..:uo-: y S -:'.‘:‘ ;.-... - !“s.h.:..;. -: aad .. .-.;..:-;..: ..::...‘. :--:.::-::'.:._. ....:::- i .".o.:-::;- = - 1.0} I 20 | E
probability that a neuron from a given column SUUSTE SRS T R PRSI T TITRTRE FRES S i I I I | |
projects to a neuron from a given row. T O VO TR R S Vi oL = H " o | el M‘l-].]-l
2L 12 E2 14L 14 E4 I5L 15 ESRE5B I6L 16 E6 10 100 ms. N ) : . Tooe " . .: - - .ot ..' T e :_ = el population -l population

Summary: subcortical training signals ma
. B Excitatory baseline C Inhibitory I'y g g y

h post-STDP enhance effectiveness of balanced STDP
§ ' learning by shifting peak and amplitude
sk of oscillations.
2 | | | l T [ o traiting
i 2 [ N AR g B sz rining
- OOHz) 700 ' —
Results
Baseline network activity demonstrates Balanced STDP with subcortical, 8 Hz signal to E4 ‘
weak oscillations. enhances alpha (and low beta) oscillations. Ry e
Baseline activity of network: A) raster. L S

B) Excitatory (E) and C) Inhibitory (1) PR ERTIE: B TR . *&b *iz ?.-:is.ff-‘it:-f 2 Frequency (Hz)

multiunit activity (MUA) power spectra. S T e S - - ) .
b emn v e R S se et £ane® B eataeet e e Cge ® - Tt s Tt e e - . Conclusions
R e PR T T Tt T e S OT SR HESHE R PR T S 53 --sa g G Fe

et b © b e El T =:-'-f‘-“1 me :.iiz.iziiwa, o Learning at excitatory to excitatory synapses must be

S AP Ve ek LT . .7 .. = modulated by learning at excitatory to inhibitory synapses

IRt T T e s ¥l VA 0T BT e s 3 - 50 o avoid a transition to epileptic dynamics.
P e S . 100 ms . - . .- - . . "
O TMLET S T R LT Alpha oscillations could develop via STDP learning

. ° ' - 100ms - S e~ w nhibitory coupled with training signals projected from sub-cortical

B Excitatory c Inhibitory g dareadas.
5 8
§. 8| Training signals provided to cortex could be used as a
;; E neuroprosthetic to assist in recovery of normal
5 g neurodynamics in a neocortex damaged by trauma or stroke.

MMIMW

eaa aasachan Supported by DARPA grant N66001-10-C-2008
Acknowledgments: Larry Eberle (SUNY Downstate)

=
o



