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Orexin B Potentiates Synaptic Transmission from Layer2/3 into Pyramidal Neuron
in Layer 6b of Mouse Visual Cortex
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Abstract: [Objective] To investigate which cell types of neurons are sensitive to Orexin B in layer 6b of mouse visu-
al cortex and whether Orexin B mediates the synaptic transmission from layer 2/3 to neurons feedback projection to lateral
geniculate nucleus (LGN) in layer 6b and its underlying mechanisms. [ Methods] The neurons in layer 6b were labeled
by biocytin which were directly excited by Orexin B receptor agonist, and the morphologies of these neurons were ana-
lyzed under a two—photon microscope; CTB555 was injected into LGN to label the neurons feedback projection to LGN
from L6b, and the excitatory postsynaptic current (EPSC) in these neurons labeled by CTB555 was recorded by whole—
cell recording evoked from layer 2/3. [Results] About 58.1% of pyramidal neuron and 52.9% of multipolar spiny neuron
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in mouse layer 6b were sensitive to Orexin B; Orexin B induced an enhancement of EPSC recorded in neurons labeled by
CTB555 in layer 6b evoked from layer 2/3. This effect was blocked by Orexin B 2 receptor (OXR2) antagonist [ Ctr:
(119.33+2.51)%, n = 15 cells, 7 mice; TCS 0X229: (103.17+2.75)%, n = 30 cells, 10 mice;P < 0.001 ], by phospholi-
pase C (PLC) inhibitor [Ctr: (125.51+1.4)%, n =11 cells, 5 mice; U173332: (103.89+1.04)%, n = 10 cells, 5 mice;
P <0.001], by mGIuRS5 receptor blocker, by Ca** chelator intracellularly [Ctr: (125.54+1.53)%, n = 11 cells, 5 mice;
BAPTA: (102.86+1.7)%, n =9 cells, 4 mice;P < 0.001 | and mGluR5 receptor antagonist [Cir: (126.14+3.87)%, 12 cells,
S mice; MPEP: (106.32+2.65)%, n = 12 cells, 6 mice;P < 0.001], respectively. [ Conclusions] In layer 6b of mouse

visual cortex, the majority of pyramidal neuron and multipolar spiny neurons are Orexin—sensitive neurons. Activation of

orexin B receptor in the neurons feedback projection to LGN in layer 6b potentiates the excitatory synaptic transmission

from layer 2/3 to these Orexin—sensitive neurons through the activation of PLC.

Key words: visual cortex; layer 6b; Orexin B; Orexin—sensitive neurons; excitatory synaptic transmission
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A-C: Orexin B (100 nmol/L) induced the depolarization and an increase in the firings in pyramidal neurons. A : Image of a pyramidal cell la-

beled by biocytin. B: Orexin B directly excited neurons which are sensitive to Orexin B. C: The morphological analysis of L6b cells labeled by biocy-

tin, 58.1% of pyramidal neurons which are sensitive to Orexin B. D=F: Orexin B (100 nmol/L) induced depolarization and an increase in firing in

multipolar spiny neuron. D : Image of a multipolar spiny neuron labeled by biocytin, bar = 50 wm. E: Orexin B directly excited neurons which are sensi-

tive to Orexin B. F: The morphological analysis of L6b cells labeled by biocytin, 52.9% of multipolar spiny neurons which are sensitive to Orexin B.
El1 Orexin BEZEME/NRIKEESE 6b EHHHEEMETMNSRMET

Fig.1 Orexin B directly excited the pyramidal neuron and multipolar spiny neuron in layer 6b of visual cortex
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Horizontally oriented neuron

Orexin B(100 nmol/L.)

100%
29 cells
| Ll MLl J.J.n e
A B
-45 mV
Inverted oriented neuron
100%
\ 15 cells
L |
D —-43 mV E F
Tangentially oriented neuron
100%
22 cells
|
- "
G —46 mV 200 s H I

A,D, G: Images of a horizontally oriented neuron an inverted oriented neuron and a tangentially oriented neuron labeled by biocytin, respec-

tively. B, E, H: Orexin B (100 nmol/L.) didn’t induced depolarization in horizontally oriented neurons, inverted neurons and tangentially oriented

neurons respectively. C, F, I: The morphological analysis of L6b cells labeled by biocytin, no neurons are sensitive to Orexin B.
2 NRUEEEDEFKFHEOHET AEHEOHETNEERAOHETARKITHEMET

Fig.2 Horizontally oriented neurons, inverted neurons and tangentially oriented neurons were Orexin B—insensitive

neurons in layer 6b of visual cortex

22 FITERIZSEELAI CTB555 ERiC MR E S 6b
EHRH#HET

LRz 2 Leb [ 20k A 55 23 244 A |
M BAE A R B 32 0k A AN IR 48 H R i
AR PR R J2 T Leb g — N EE A
W2, BT E) LON DL e i . 8T
PRIC AR JZ 5 6b o A #2800, FRATTHE /N B 0 1)
LGN H i 5 i35 479 B i ic 4 CTBSS5 (& 3A) , 7~
10 d Je VI i 72 X067 B30 F LS. i bn 101
Ol Z5 (B 3B) R, 9 288 44 B CTBS55 W Y) bk
e T AL 2 Leb R il 22T, RIS 6b 2 h S st 4%
FE LGN M4t
2.3 Orexin B X #L K & 5 6b /= H #% 5 2 4p
R IR 42 0 e 22 200 Bl Y S B 1 SR Ao FR R RO R R

T HF5E Orexin B X4 RZ J2 Lob J2 H 4% i &
LGN A4 28 0 By X4 A5 1 28 il )5 B (sEPSC) )
YER, BATAE R R AT, R A 4 40 M i SR A

A, IE TP CTBS55 FRid B LL (5L A ML Y sEPSC
(K4) , 7E8 CTBS55 bRl IEL G PO -, B4k
UG Orexin B 32T LIC S 3 2 AL It (18144
N T WESE Orexin B ¥ 5 F Al A0 HL it =22 ] 1 5C
%o K 10.20.50.100 1200 nmol/L #EF7 ¥ B
JEHET AR R AN 0.7168, P = 0.0212, & B #
ZIEHIEA SR FR , H. 100 nmol/L B 51 2 i) 224 1k
H 3 © 3k 2 % KAE [ 10 nmol/L: (24.78+2.03) pA,
n =13 cells, 8 mice; 20 nmol/L: (53.12+2.24)pA ,n =
13 cells, 6 mice; 50 nmol/L: (74.56+2.66)pA,n = 17
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CTB 555

A: Schematic of CTB555 injection into dorsal lateral geniculate nucleus (LGN). V1 presents primary visual cortex and dLGN, dorsal lateral ge-

niculate nucleus. B: The labeled cells by CTB555 in V1 from LGN. The primary visual cortex is indicated by V1. C: The amplified image of the

white dashed box in B, the L6b neurons with red fluorescence located in L6b are from LGN, red dotted lines indicate the boundary of L6a and L6b.

DAPI staining in blue was also shown. Scare bar = 60 wm. D: Enlargement of the white dashed frame in C, red fluorescent cells are mainly in L6.

Scale bar = 20 pwm.

B3 #rid/NRAEESE 6b E i ZIMUBRREHET
Fig.3 Neurons in L6b of visual cortex projecting to the dorsal lateral geniculate nucleus labeled by CTB555
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100 nmol/L 1Y) Orexin B B & [ IRSLE . & P Orex-
in B EEBOR, N2 I 9 fi 5 F U (EPSC) 15 B B
B LINA Orexin B I 5 20~25 min, 100 nmol/L:
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A: Orexin B (100 nmol/L) induced an inward current— (depolarization ) in Orexin B—sensitive neurons; B: dose—dependent effect of Orexin B

on the depolarization in sEPSC; C: Example trace of mEPSC before and after Orexin B application; D: Orexin B (100 nmol/L) increased the ampli-

tude of mEPSC ("pair ¢ test, P = 0.03) but kept frequency intact ( pair ¢ test, P = 0.67).
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Fig.4 The effects of Orexin B on the SEPSC and mEPSC in Orexin-sensitive neurons in layer 6b of visual cortex
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A: An example of time course of changes in EPSC amplitude after application of Orexin B (100 nmol/L) recorded in the neurons labeled by

CTBS555. EPSC amplitude was enhanced by bath application of Orexin B. The representative traces are showed in the right for before application

(gray) and after application (black) of Orexin B. B: Paired—pulse ratio of evoked EPSC was not changed before and after application of Orexin B. C:

Time course of changes in EPSC amplitude (pool data) after application of Orexin B (100 nmol/L) recorded in the neurons labeled by CTB555. EP-

SC amplitude was enhanced by bath application of Orexin. D : Dose—dependent effect of Orexin B on the amplitude of EPSC.
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Fig.5 Orexin B enhanced the synaptic transmission onto Orexin B—sensitive neurons in layer 6b from layer 2/3 input
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A: Time course of changes in EPSC amplitude after application of Orexin B (100 nmol/L) recorded in the neurons labeled by CTB555 in nor-

mal ACSF (filled circles) and in the presence of TCS OX2R 29 (10 pmol/L, open circles). The effect of Orexin B was blocked by TCS OX2R 29;

B: Time course of changes in EPSC amplitude after application of Orexin B (100 nmol/L ) recorded in the neurons labeled by CTB555 in normal AC-

SF (filled circles) and in the presence of U 173332 (10 pwmol/L, open circles ). The effect of Orexin B was blocked by U 173332. C: Time course of

changes in EPSC amplitude after application of Orexin B (100 nmol/L) recorded in the neurons labeled by CTB555 in normal internal solution (filled

circles) and in the internal solution with Ca* chelator (BAPTA, 10 mmol/L, open circles). The effect of Orexin B was blocked by BAPTA. D : Time

course of changes in EPSC amplitude after application of Orexin B (100 nmol/L) recorded in the neurons labeled by CTB555 in normal ACSF (filled

circles) and in the presence of MPEP (10 pmol/L, open circles). The effect of Orexin B was blocked by MPEP.
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Fig.6 The mechanisms of Orexin B to enhance synaptic transmission onto Orexin B—sensitive neurons from layer2/3 inputs



5533 S EE SE B ACR BIG IR SR AR 2/3 JR AL A FILR ob JZHEA 28 40 ) 5% fish £ 3 387

3 9 #

DM B 22 Hh 6 JR A, 4% )2 v 5 R A ] rg
AN B VL BN R R 2 4 . AEh 29 4
25 6 )2 X 3 AL TR AR 2R 6a )2 (L6a) FIE
TR AT 1 5% (white matter, WM) 1) 6b JZ (L6b) "'¢
S HRIE " A AN B JZ Leb 7 J2 v i) — 2L 4 fitg
X} Orexin U, BV Orexin B 7] DA 32 244y L6b
Wl —Lep 2T, (H A W AR Ry P22 4 i 2k
R, AHFFE K Orexin B g BLIE 444 6 21
TR 43 B A AR A 28 50 F 2 W i 282 9T, {H Orexin B
AN B4 % AT Lob HY Y K- 5 1] #i 28 5T , {8 & 5 k)
P2 TCRUAS E B I 2200 . FRATTIE & BILAE Leb
H1 CTB555 FRic 1\ S 45t 50 5 3 S A4 1wk 229
92.5% J HER B 4270, Hax Sl R d 2 oT T oA
63.3% %} Orexin B, F I, Orexin B BR T B #%
24y F MR T RR 10 B HEA B 22 T RN A i 22
JUAb ISR 2/3 R A AFIE T Leb il CTB
555 BRiC Y, R4 0 B A AR Y S A ph 22T 2
[E] Py 5 fih 12 326 o

R Lob ' Orexin SEUSAN I 1) I8 S F0pp 28 3%
22 LA e Orexin 75 AL K2 22 PN B 5 fish A% 386 v B 000 X6F
PRf# Orexin TERL AL BRI R OCHE 22, Mo
T R 0 A% 3% 1) F i 1 AP IR A (55 2 b 3
Jo FEALH B LR 4)2, P EA RN 23)2
AR 516 J= 0 Al B2 956 6 T2 ps 132 R
B 5 2/3 JEWAE 5 S i A dek 20 T i 5000 0 e 14
(LGN ) 1 Fr-Fisi {0 = A% 4 (LP) , NI B 211 2
RER 2 5 6 J2 B A I Y 5 153 2 B AR AR o
5 R BT AR SR AR . S 6 SR AN
T SH NS, BN T L6b A0 i 30 A1 AR (1) 2 5
il AT LABE AL LGN fU L3 (5 BT L 225 4 2, Il
55 6 2 40 ML= AN AR DA AR 42 8 L OR ER
Ul 55 LGN 240 B 2 i B b A ST 4 R 4R

Sk

[1] Branch AF, Navidi W, Tabuchi S, et al. Progres-
sive loss of the orexin neurons reveals dual effects
on wakefulness[ ] |. Sleep, 2016, 39(2): 369-377.
[2] Sakurai T, Mieda, M. Connectomics of orexin—pro-

ducing neurons : interface of systems of emotion, en-

7 : Orexin B i i 3855 565 2/3 255 6 J2 4 A 20 i 1)
2 i £ 336 1 B 34 AT 5 6 )2 I Al AR M 20 AN ik
15 AL SR 6 )2 4B A4 5 o, i 3 A1 B A A i
BREEd o BT Orexin B9 32 ZE A 2 4k RF sh ¥ A9 5
PRUPR S A0 A U 3 ) A T I PRIR A B )
PR 2 ) Orexin 2 GEiT6 I S AL 55 6 )2 20 i 1 7%
Bl A S Y TETE IR 5 RS T 3 g Rl
P55 S8 A8 RL I 7 o , 49 ik 0L B2 J2 X6 FL 02 £ 8P

AR B %A K ) RS 2850, i)
JEAE L B 2 BIALH B A PEAN A IE ™, Orexin
{0 28 907 A2 G218 T e K00 ol Ak, X Rl AR 46 2
DA 4 28 JC 4 2 S L, A 2 0 B MR % B
YE LA, Orexin DI AT DL g LR A0 %, HEFG
2K, Orexin X 1 28 70 1 2o AL BT IF P F = AN HILH «
OFE i B HL A7 B 56 A AR B8 13 3E > @Na'/Ca™
Bk R SN CIE | 7 e X d - S TR |
(NSCCS) f 0 IE 2 o FATT 0 &5 2R 3 I 78 90 2
JZ , Orexin B 3E £V Ho A T Leb v it £ 4 i 22
JGo Orexin B3N T mEPSC B3R IE , {H A5 R A
Z 50, 2 Orexin B X} Lob H i HE AR 20 A
PR o B R R bS5 VE T o 26 6 J2 HE 1A 40 it i
|1 OX2R 7F Orexin B M30E T 454 .

JRAE A W58 3R IR0 G B )2 2R 6b 2 Xt
Orexin A JZ N (Y ME—I 2", SR Orexin B2 5%}
55 6b )2 HAUR A W 20 HE 32 1 A LR 4k 10 2 fil A%
1 AP AR WLHGE . AR SCIESE T Orexin B
/N R 2 Leb 2R 2 e R H 12315
AL fl A 328 A 50 A T A B ML, & BH
Orexin B 3458 Lob BUHEARBI 28 T0HEAZ 56 2/3 J2 1B A
LT 2 11 28 fl AL 338, 3K o 28 ik 1 SR 2500 i ORX2 4
T, mGluRS Z 5, 330 PLC 51 Ca™ 19
Mo, ERSEME B AR b i 2k 12/3
FHTIS AL A, AT 58 565 6b HE (A4 b 1 24 A 14

ergy homeostasis and arousal [J]. Trends Pharmacol
Sci, 2011, 32(8): 451-462.

[3] Walker LC, Lawrence AJ. The role of orexins/hypo-
cretins in alcohol use and abuse [J]. Curr Top Be-
hav Neurosci, 2017, 33: 221-246.

[4] Martin—Fardon R, Cauvi G, Kerr TM, et al. Differ-

ential role of hypothalamic orexin/ hypocretin neu-



388 AR AR AR (B2 R D) 414

rons in reward seeking motivated by cocaine versus
palatable food[J ]. Addict Biol, 2018, 23(1): 6-15.

[5] James MH, Mahler SV, Moorman DE, et al. A de-
cade of orexin/hypocretin and addiction: where are
we now? [J]. Curr Top Behav Neurosci, 2017, 33:
247-281.

[6] Chieffi S, Carotenuto M, Monda V, et al. Orexin
system: the key for a healthy life [J]. Front Physiol,
2017, 8: 357.

[7] XuTR, Yang Y, Ward R, et al. Orexin receptors :
multi—functional therapeutic targets for sleeping dis-
orders, eating disorders, drug addiction, cancers
and other physiological disorders [J]. Cell Signal,
2013, 25(12): 2413-2423.

[8] Nixon JP, Smale L. A comparative analysis of the
distribution of immunoreactive orexin A and B in the
brains of nocturnal and diurnal rodents [J]. Behav
Brain Funct, 2007, 3: 28.

(9] Burgess CR, Scammell TE. Narcolepsy: neural
mechanisms of sleepiness and cataplexy [J]. J Neu-
rosci, 2012, 32(36): 12305-12311.

[10] Ciriello J, Caverson MM. Hypothalamic orexin— A
(hypocretin—1) neuronal projections to the vestibu-
lar complex and cerebellum in the rat[J]. Brain Res,
2014, 1579: 20-34.

[11] Inutsuka A, Yamanaka A. The physiological role of
orexin/hypocretin neurons in the regulation of sleep/
wakefulness and neuroendocrine functions [ J ]. Front
Endocrinol (Lausanne), 2013, 4: 18.

[12] Bayer L, Serafin M, Eggermann E, et al. Exclusive
postsynaptic action of hypocretin—orexin on sublayer
6b cortical neurons [J]. J Neurosci, 2004, 24
(30): 6760-6764.

[13] Marx M, Feldmeyer D. Morphology and physiology
of excitatory neurons in layer 6b of the somatosensory
rat barrel cortex[J]. Cereb Cortex, 2013, 23(12) :
2803-2817.

[14] Kanold PO, Luhmann HJ. The subplate and early
cortical circuits [J]. Annu Rev Neurosci, 2010,
33. 23-48.

[ 15] Radnikow G, Feldmeyer D. Layer— and cell type—
specific modulation of excitatory neuronal activity in
the neocortex| J |. Front Neuroanat, 2018, 12: 1.

[16] Marx M, Qi G, Hanganu—Opatz IL, et al. Neocorti-
cal layer 6b as a remnant of the subplate — a morpho-

logical comparison[]]. Cereb Cortex, 2017, 27(2) .

1011-1026.

[17] BT, A 0%, . AR B RS SR AN IA 2T 4E 1%
SN2 25 b J2 A A A 5% fil A2 28 (]
R 4l (B2 R , 2020, 41(2) : 201-209.
Tong X, Huang MY, Jiang B. Orexin B enhances
the synaptic transmission from LGN to Orexin sensi-
tive neurons in L6b of visual cortex[J]. J Sun Yat—
sen Univ(med sci), 2020,41(2):201-209.

[ 18] Constantinople CM, Bruno RM. Deep cortical layers
are activated by thalamus [J]. Science, 2013, 340
(6140) : 1591-1594.

[19] Morgenstern NA, Bourg J, Petreanu L. Multilami-
nar networks of cortical neurons integrate common
inputs from sensory thalamus [J]. Nat Neurosci,
2016, 19(8): 1034-1040.

[20] Hoerder— Suabedissen A, Hayashi S, Upton L, et
al. Subset of cortical layer 6b neurons selectively in-
nervates higher order thalamic nuclei in mice [1].
Cereb Cortex, 2018, 28(5): 1882-1897.

[21] Andolina IM, Jones HE, Wang W, et al.. Cortico-
thalamic feedback enhances stimulus response preci-
sion in the visual system [J]. Proc Natl Acad Sci U
S A, 2007, 104(5):1685-1690.

[22] Yang ST, Wang M, Paspalas CD, et al. Core differ-
ences in synaptic signaling between primary visual
and dorsolateral prefrontal cortex [J]. Cereb Cortex,
2018, 28(4): 1458-1471.

[23] Li GY, Zhuang QX, Zhang XY, et al. lonic mecha-
nisms underlying the excitatory effect of orexin on
rat subthalamic nucleus neurons[J ]. Front Cell Neu-
rosci, 2019, 13: 153.

[24] Liu ZL, Wu X, Luo YJ, et al. Signaling mechanism
underlying the histamine—modulated action of hypo-
glossal motoneurons [J]. J Neurochem, 2016, 137
(2): 277-286.

[25 ] Kukkonen JP. Orexin/hypocretin signaling[ﬂ. Curr
Top Behav Neurosci, 2017, 33: 17-50.

[26] Leonard CS, Kukkonen JP. Orexin/hypocretin recep-
tor signalling: a functional perspective [J]. Br J
Pharmacol, 2014, 171(2): 294-313.

[27] Sachidanandan D, Reddy HP, Mani A, et al. The
neuropeptide Orexin—A inhibits the GABAA recep-
tor by PKC and Ca**/CaMKII-dependent phosphory-
lation of its betal subunit[J]. J Mol Neurosci, 2017,
61(4): 459-467.

(8 & #)



