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Cortical 5-hydroxytryptamine receptor 3A (Htr3a) positive inhibitory neurons:

diversity in type and function
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HE Miao"”

'Institutes of Brain Science, Fudan University, Shanghai 200032, China; *Shanghai Jiao Tong University College of Basic Medical
Sciences, Shanghai 200025, China

Abstract: Cortical GABAergic inhibitory neurons are composed of three major classes, each expressing parvalbumin (PV), soma-
tostatin (SOM) and 5-hydroxytryptamine receptor 3A (Htr3a), respectively. Htr3a" inhibitory neurons are mainly derived from the
caudal ganglionic eminence (CGE). This highly heterogeneous group of inhibitory neurons are comprised of many different subtypes
with distinct molecular signatures, morphological and electrophysiological properties and connectivity patterns. In this review, we
summarized recent research progress regarding cortical Htr3a" inhibitory neurons, focusing on their molecular, morphological and

electrophysiological diversity, and introduced some genetic mouse tools that were used to study Htr3a" inhibitory neurons.
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1. Htr3a #1£8 JT I K & I

Fig. 1. Developmental origin of Htr3a" inhibitory neurons. 4: Migratory routes of Htr3a" inhibitory neurons in embryonic mouse
brain. B: Temporal profile of Htr3a" inhibitory neuron production. C: Developmental origin of cortical, striatal and hippocampal
Htr3a" inhibitory neurons. Str: striatum; Hip: hippocampus; Ctx: cortex; MGE: medial ganglionic eminence; POA: preoptic area;
CGE: caudal ganglionic eminence; PV: parvalbumin; SOM: somatostatin; Htr3a: 5-hydroxytryptamine receptor 3A. White: ventricle;

Gray: corpus callosum and anterior commissure; Green: MGE and POA; Orange: CGE.
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Fig. 2. Heterogeneity of cortical Htr3a" inhibitory neurons. Htr3a" inhibitory neurons can be divided into two classes according to
whether they express vasoactive intestinal peptide (VIP). Each class contains several subtypes with different marker genes, cortical
distributions, morphology and electrophysiological properties. Blue lines: Htr3a VIP" inhibitory neurons; Orange lines: Htr3a VIP~
inhibitory neurons. Thicker lines indicate stronger correlations. Number of cells in different cortical layers indicates relative density.
bNA inhibitory neurons and bNA?2 inhibitory neurons have similar firing property except bNA inhibitory neurons form a hump when
receiving near threshold current injection. CR: calretinin; CCK: cholecystokinin; NPY: neuropeptide Y; RLN: Reelin; IS: irregular
spiking; AD: adapting; bNA2: bursting nonadapting 2; bNA: bursting nonadapting; LS: late spiking.

B VIP 2 4k, VIP" M tibRiAZ M HABFRIC  acetyltransferase, ChAT), VIP'CR' #1142 JG 4] 5 VIP'
FIA, #lhn CR. CCK AAHRK 2, Bt % # | (choline  #HZJTHI 40%, FEAMAALE Y Z WL 2 HIERSS, B
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Table 1. Existing transgenic mouse lines targeting Htr3a" inhibitory neurons and their applications
Transgenic mouse lines  Jax number Developed by Applications
Htr3a-BAC™" Not available Hannah Monyer Lab ™ Label Htr3a" neurons to trace their lineage *”**, characterize

Htr3a-BAC™ Not available Nathaniel Heintz Lab 7

030755
005251

Htr3a-flpo
Htr3a KO

Bernardo Rudy Lab
Allan Basbaum Lab ™!

. . 9,37,42,43
their gene expression !

[9,37, 42, 43]

, and record their firing
properties

Knockout transcription factor Lhx6 to study its role in neuronal
apoptosis ",

Knockout NMDA receptor to study its role in somatosensory
function "' and circuit integration ..

Calcium imaging " and voltage imaging " to study the role of

layer I inhibitory neurons in sensory processing.

Identify layer I inhibitory neuron subtype ™.

Knockout 5-HT, receptor to study its role in neuron migration 7,

821 8386 social behavior ™,

[86]

dendritic formation *, anxiety disorders '
1851

fear extinction " and hypothalamic-pituitary-adrenal activity

Monyer SE56 & HI7E 7, 1 Lee Z8iliid JF 47 2428 5256
WA S P, 3F¥k Lee. Chittajallu, Vucurovic 2%
HF2ehric Hu3a™ #2270, MIMiBEH R & i,
R DR 2 TR AN e A A P72 ), Hir3a-BAC™
H1 Nathaniel Heintz 525 % il /F U, Axic 5 54k
KPR IRAUE, (H OB F 76 Hu3a™ & o T
B DR B RN A A% 2 5256 . Denaxa 251 il % fh 2271
BR 2% A R o R B I AR A Y B R SR 7 Lhx6, KR
Lhx6 ()& 2k 7 53505 2 CGE R i 40 1) 1 4 2850
ERE SRR B, DA K A7 B 1
MGE F2¥ i f s 2t 7. Che Z5F] 25 R/
BRE Hir3a™ #4870 R RIAF5HUER (1 Geamp6, MEE
JZ 129 Hu3a™ #1& Ju G AR L, RIVEA I/ H
A JEE 6 RISAR AR E S, 2 5 R
BBEE s AN MR REAK. Bidt—25, Che
SR Z i R/ RS AF R 5 B3R IA T Hr3a RLN'
FIZE TG 1) NMDA 5244, T4k E s B3N,
R FEURERGNIRE KGR H ", Fan 2%
NFIFH % 5 /N BRAE Hirda™ #1480 A R fE R
7] SomArchon, 544 REMIBIHRIE RS, KU
B2 1A % (0 171 4701 (Tateral inhibition) ££fH 22
W 28 A H K A5 JE S AR VA R A R S N T R R R 4
FEMEH ™, Chittajallu 25 A FJFEF %66 RN R %
PERRHED NGFC 1) NMDA 224k, K4 SH5R
o U, t4h, Bernardo Rudy SZI6 =ik i1
1 Htr3a-flpo (/N &, AT E A H 5 HA Cre
M ARAEPRC T ZME TR, Hb T Arbsid 21
RRRIIEARRER, RIEIB P AR AR ™.

B bk i R 25, Hir3a w0 BRBERY Y
T 5E 5-HT, 8452 4R 45 Htr3a™ #1122 70 1 1K) D e
WIHT ik, 5-HT, B 24K 4% 12 )= Hir3a™ #48 JT 1)
LA PR Hua™ M e B A . 38 BT TR IR
5-HT, B 52 AR ARk 2K 2 18 0 B J2= 5 4o 22 ST T 5%
(A FERE ™, /N R A BT E R R A ™, A
ANRALSSAT AR Y, BELAG R AZ 1 T B
A BELAG S ML T il - AR - B e £
m [86] .

4 112

KRR F B g5 7 Hu3a"™ #1128 70 10 4% TR 4,
FXr 52 A1) 5-HT. 5-HT, 324k DL A A 17
BT TA4H. HArxt Heda" #2800 7 i
%, EIRZ 7 HAAE AR — 20T o).

FESMURFPETT I, B T 5-HT, B2 4K, 2002 4
Ferezou 25 N\ & B Hir3a"™ #1448 70 9 38 32 i 1k Jie 7 1k
JIHFH 5% 44 (nicotinic acetylcholine receptor, nAChR) ¥,
Z Ji Lee %6 N FH AR B 7 580N T B 1 5-HT,
Z. T FIEL i th, A LU 3 nAChR 512 Hir3a" #f 45 71 3%
77, I HFTC A Hu3a" #2480 Hl e L1k
RN 7, 3 B 3K 79 ot B2 425 PR ] B £ [R] — AN 2
JCHAFETE, $R78 Hir3a™ #1480 ] DAL I i 54 22 1
JR R, B AR AR Y. A
Ak, Yakel &5 A & B Htr3a 33 0] DLATIR B od 7 7
SELH EE T Bkt 5-HT A W 7 152 44 B ). Sudweeks
S NAE KBRS B 5236 e B 13X Fh S AR 78 A2 BEAR
DL AR P IS s 2 AR A A (A B R R
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ANERE o B T TERG U BP0 R AFAE R A TEHEFD B T2,
AW HPIEfEAE Co Dy E =Fl 5-HT 24K p 3 1,
IX = 1 ) BE A v R AL

FEANNE Sy BT TH,  H AT Hie3a ™ VIP #4801
INIRIE EE R =, Htr3a VIP” #4 0  E 24 15
2% RLN. NPY Fll CCK FH-ANREME SEHLXT IX 584 #h 48
JG 100% [fhric. POA I 1) Hir3a™ #14 Jt [FFE 4
PN —ERZ Fhrsrmg e ™. 3 HHEm
Iy T AR ZEAH B2 [AAEAE# 7 S, #il ik ik RLN
(50 23 40 22 0 638 NPY, X %) Htr3a™ #1270 K
B R R T WM. 754h, RLN A CR BbRid K&
Htr3a SOM™ #1228 50 ", J& 54 8 i 40 TR 25 fe %
XFHATE By AT b e, B0 BRI (1 4 B
Jiik, bFREE D FRMIRE . BREZZESh, Chit-
tajallu 25 A\ F|H Htr3a-BAC™™ /)N 65 5 1) Htr3a'
PETEREAT T 8. AR I CAT X I 2T 40% 1)
Htr3a" # 4 6 % 15 RLN, %) 20% % ik CR. #ik
CCK. SOM. VIP [f] Htr3a" #1252 754% [ & Htr3a" fif
2610 10% B, {H3E 3 Harris F1 Winterer 25 A [
AR Y 25 R RN, WS CAL KR A Bl
Htr3a mRNA 113 % ©" %, Winterer 28 A\ N ik %
XAl 2 S JR R Hir3a JE R R 2k ©7. i o
W Htr3a™ &2 uERIE . B R LD REE TR —0
LTI

FETHRETH, ESRIILENT T VIP™ #4: 50R1 NGFC
A 7SRRI T, (R HA T A ) Hir3a'
L ITCIThRE AW R EL B = . BR Hi3a™ #h
TR mER SR, EEiIE52 3] S-HT 1,
5-HT [ 45 2 15 2l 1X — 280 4 o0 K3 5 0 )
BN, Hitr3a™ #1228 LI D) RE 7 A2 75 2 5 3R Se e
WIRAESKIE, X8 BEEA FFE2E.
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