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The Lateral Geniculate Nucleus (LGN) is more
than a relay station

Professor Tom Salt
UCL Institute of Ophthalmology
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Text-fig. 19. Possible scheme for laini ization of simple P
fields. A large number of lateral geniculate cells, of which four are illustrated in
the upper right in the figure, have receptive fields with ‘on’ centres arranged along
a straight line on the retina. All of these project upon a single cortical cell, and the

ynapses are supposed to be exci 'y. The ptive field of the cortical cell will
then have an elongated ‘on’ centre indi d by the i ipted lines in the
receptive-field diagram to the left of the figure.

Hubel & Wiesel (1962) The Journal of Physiology, 160, 106-154.

(A) Experimental setup (B) Stimulus
orientation

Light bar stimulus
projected on screen

Recording from visual cortex
Record

NNSEER@an
B N e R
R e

°
w

Stimulus
presented

Time (s)

Polyak, 1957

Visual input to the brain goes from eye to LGN and then to primary visual cortex,

or area V1, which s located in the posterior of the occipital lobe.
Adapted from Polyak (1957).




Postcentral
gyrus

Medial

Caudal Ventrolateral Nucl.

(motor)

Ventrobasal Nuclei
Medial Geniculate Nucleus (somatosensory)
(auditory) Lateral Geniculate Nucleus

(visual)

from interneuronal
dendrite (GABA)

astrocytic sheets \\\7
\ > from PBR
(ACh + NO)

|

relay cell
dendrite

X
el from interneuronal
dendrite
(GABA)
from retina
(Glu)
excitatory inhibitory
ionotropic C—1 553
metabotropic =3 280

A w: as' os' 10 20 Spot Dia.
! I
U NN S W U
-— -— — -— == Gontrol
B JL/J\ ﬂ
|
Yy !
U ey T WML NAMMJ\JLM-L JLM WWWJM
— — — — — == Bicuc.
spikes/bi C
0
Jo oL
— -— — -— — == Recovery
N LGN OFFx
50ms bins, 25trials, 1sec flash
Sillito & Kemp (1983)

Cat Lateral Geniculate Nucleus- Visual System Thalamus

d  Dendrite F1 Interneurone Terminal
RL Round Large [Driver] F2 Interneurone Dendrite
RS Round Small

| ‘
|
| /]
— Inhibitory
TRN
First Order
L7 Thalamic Nucleus

Sensory
("Primary”)
Afferent

Cortical

Afferent to Cortex

Driver

Afferent ""_} from

Retic.
Glut A

Form.
O AMPA
O NMDA
@®mGlu1




Lateral Geniculate Nucleus (Visual System Thalamus)
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Tonic and Burst Firing
modes for a thalamic relay
neurone recorded
intracellularly in vitro.

The cell was held at three
different initial membrane A: -55mV
potentials via current M
injected through the B: -60mV
recording electrode (i.e. ‘

Current Clamp). |

A, B, C show responses at 40ms
different membrane
potentials to a similar 0.3nA
depolarising current pulse.
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McCormick DA, Pape HC. (1990) J Physiol. 1990 431: 291-318.

Thalamic Relay Cells can have two distinct

modes of firing: Tonic and Burst.

» The firing mode is dependent upon membrane
potential, and burst firing depends critically upon
.

» The membrane potential can be affected by
various modulators (e.g. Ach).

» This affects ongoing activity (EEG) and

responses to driver inputs.




The role of thalamic burst firing in normal behaviour has been
controversial. However, new evidence suggests that bursting
may serve as a wake-up call to the cortex.

Swadlow HA & Gusev AG (2001). The impact of 'bursting'
thalamic impulses at a neocortical synapse. Nature
Neuroscience 4, 402-408.

Sherman, S.M. 2001. A Wake-up Call From the Thalamus.
Nature Neuroscience 4, 344- 346.

Atrain of action potentials for a thalamic relay cell, each
. shown as a short vertical line along a baseline. This can be
Cortical Cell divided into tonic (black) or burst (red) firing. The responses

in the form of ESPSs are shown in the postsynaptic cortical

cell.
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« Note that the responses to bursts (red EPSPs) are larger than those to tonic firing
(black EPSPs).

« The increased amplitude of the burst-evoked EPSPs are due to both a larger initial
EPSP and temporal summation.
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Swadlow HA & Gusev AG (2001). The impact of 'bursting' thalamic
impulses at a neocortical synapse. Nature Neuroscience 4, 402-408.
a /(
SIN x SINy
(128,098) (184,006)
VB (68,345)
b AIVB spikes (contol) @ Burst only (initie! spike) ] Eamm:’mn
I 01

Lt

[ -10

VB:SI Eff = 0.208 'VB:SINX
cgﬂh:x = (14,254/68,345) Bursts I /
-10 [ 1

- Efi=0.428
(651811,216)

0 10

t—

— Eff=0404
VB:SINX (2.44916,065)|
Isolaated
spikes

-10 0 10

Response (spikes/s)

a0

80 ms

I, de-inactivated

burst mode a0y

L E

40,

S
3

°

2
2

&

m
3

Tonic mode (-65 mV) d Burst mode (-75 mV)

spontancous activity

visual response.

0 05 10 15

AVAVAVAVERAVAVAVAV,

spontaneous activity

visual response

20 0 0.5 1.0 15 20
Time (s)

Remember

major corticofugal input

«Corticothalamic inputs outweigh sensory inputs

« In relay nuclei (e.g. LGN), Cortical Layer 6 provides the

« Corticofugal input is glutamatergic (excitatory).
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Retinal and Cortical inputs to LGN
cells have distinct properties
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I Turner & Salt (1998) Journal of Physiology, 510: 829-843
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Intracellular recordings from a

Control mGlu1 antagonist thalamic relay neuron in rat LGN slice.
(a) Responses to stimulation of the
’ cortico-thalamic input with a train of
stimuli (50 Hz, 1 s, CT) under control
10 conditions, during application of the
mv mGlureceptor antagonist LY367385 (300
mM).
=
ot 2s Note that the antagonist reduced the
50Hz depolarizing response to stimulation of

All recordings made in the presence of the cortico-thalamic input (blue arrow).

antagonists to ionotropic receptors

(b) Subtraction of the record obtained in
the presence of antagonist from control:
reveals the depolarizing component of the

Subtraction record
(mGlu1 component)

p that is attri to
of mGlu1 receptors (note different
timescale).

[ 500ms
CT 50Hz

Salt TE (2002). Philos Trans R Soc Lond B Biol Sci 357, 1759-1766.

LM for mGlu1

EM for mGlul

mGlul is located in dendrites
at cortico-thalamic synapses

0
layer 6 layer 4

Godwin et.al. (1996) J Neurosci. 16:8181-92.

Intracellular recordings from a thalamic relay neuron in rat LGN
slice: responses to stimulation of the cortical input (A)

Control GYKI52466  GYKI52466 X .
+CPP At low stimulus frequencies,

N | C-T responses are blocked
[10mv/

by AMPA and NMDA
antagonists (GYKI52466 and
CPP)
Control AMPA and NMDA
antagonists
10Hz }_ )_\L_‘_}_

Wil TN frequencies (>10Hz), a slow
ﬁﬂ\’— synaptic response is evident
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100Hz M .ﬂf____
i L Turner & Salt (1998) Journal of Physiology, 510: 829-843

At higher stimulus

Are mGlu1 Receptors in the LGN activated
under physiological conditions?
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Rivadulla et al. (2002) J Neurosci 22, 2956-2962.

Single neurone recordings from
ised cat LGN

What is the functional alignment of the cortico-thalamic pathway?

Does the organization of the C-T pathway mirror that of the feed-forward
geniculo-cortical projection?

The orientation and receptive field “on”
and “off” zones of layer 4 simple cells link
to the spatial alignment and properties of
the LGN cells providing their input. “On”
center LGN cells (red) provide excitatory
input to the central “on” subregion (red)
of the cortical simple cell, “off” center
LGN cells (blue) provide excitatory input
to the flanking “off” subregions (blue) of
the cortical cell.

Are the “on” and “off” zones of the
feedback simple cells spatially aligned
with the “on” and “off” center LGN cells
they influence and is there any specificity
in the pattern of influence linked to this?

Functional alignment of feedback
effects from visual cortex to thalamus.

Small focal applications of GABAb
antagonist (CGP55845) in layer 6 to
enhance local responses to visual
stimuli.

Recording of LGN responses at
various locations during this
procedure to see what the effect of
enhanced Layer 6 output is on LGN
responses

Retinal ganglion cells

Wang, W., et.al (2006) Nature Neuroscience 9: 1330-1336
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Focal enhancement of cortico-thalamic feedback by CGP 55845 in layer

N Summary of the change in response modes across LGN sample
6 alters the firing pattern of LGN cells. i 9 P P

LGN cells with receptive fields (RFs) that overlap the Layer 6 field showed a
significant change in firing pattern (b)

1 For on- or off-center LGN cell RFs that were aligned over the cortical RF zone of
g coricliessense b - Convel Lover® Flecorery the same polarity (i.e. on over on, off over off, positive values of relative phase
. overlap), there was an increase in the burst-tonic ratio.
g Where the overlapping fields were reversed, there was a decrease in the burst-
] o o tonic ratio.
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Feedback effects are influenced by the alignment of receptive fields Schematic diagram summarizing the suggested connectivity

Pattern of feedback made by two layer 6
cells to an on—-centre LGN relay cell.

8

1004 matches that of the LGN cell, in that it
has a central "on" sub-region (red cell).

The other has a central "off" sub-region
(blue cell). All three receptive fields are

(o Burst ratio Burst ratio I The receptive field of one feedback cell

Layer 6 centered on the same point in visual
space.

a
o

504

The cell with the matched field contacts
the LGN cell through an inhibitory
interneuron (black).

Percentage of cells affected T
Percentage of cells

o o [ ) Conversely, the cell with the mismatched

B Overlapping fields B Same polarity field makes direct excitatory contact.
[ Nonoverlapping fields 3 Opposite polarity . M OFF zone

MON zone

visual ori ion pi and ivity. Reverse Hubel and Wiesel links in feedback from cortex to LGN

Most of the LGN cells showing a shift in the burst-tonic firing ratio had receptive fields that
lay either parallel or orthogonal to the preferred orientation of the cortical cell.

This spatial asymmetry in the pattern of influence of the feedback matches the bias in the
anatomical organization of the feedback connections from individual cortical cells (a,b).

Thus the influence seems to largely exclude spatial locations at oblique angles to the
receptive field of the parent cell (c).

Schematic diagrams summarizing
the suggestions regarding the
reciprocal relationships between layer
6 cortical simple cells and the LGN in
the orientation and phase domains.

(a) Arrangement for the phase
aligned connections via inhibitory

a lenee b Cc interneurons (drawn in black) and
%) Layerscsl\ orientation Layer € cell orientation dlrlect pl?lase reversed connections to
V1 RF from Murphy et al. 1999 relay cells.
Parallel Parallel

(b) Receptive field types associated
with phase aligned and phase
reversed connections. Cortical cell is
shown as having an “on”

center. LGN cells with “+" centers are
“on” center and “~” centers are “off’
center.
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