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The distribution and connection patterns of axo-axonic cells
in the claustrum
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[ Abstract] Objective To investigate the distribution, the innervation pattern, and the long-range
input of the axo-axonic cells (AACs) within the claustrum (CLA). Methods Unc5b-CreER: Nkx2.1-
Flp: Ai65 mouse intersectional genetic strategy was applied to specifically label AACs in the CLA. By
serial sections, the cell density and innervation patterns of AACs from the anterior to the posterior of CLA
were analyzed. The monosynaptic retrograde rabies virus (RV) tracing was employed to unveil the
synaptic input pattern of AACs in the CLA ,revealing the long-range synaptic input patterns of AACs in the
CLA. Finally, the layer analysis and immunofluorescent staining was conducted to explore the cell types of
these presynaptic projection neurons. Results The result from intersectional strategy (Unc56-CreER :
Nkx2.1-Flp: Ai65 mouse) indicated that the AACs were densely distributed in the CLA and the cell
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density of the AACs increased along the anterior-posterior axis, yet the percentage of neurons innervated
by the AACs, approximately 67.72%, remained unchanged. Retrograde monosynaptic tracing of long-
range input to AACs unveiled a synaptic input pattern from various regions, including olfactory,
prefrontal, sensorimotor cortices and numerous subcortical structures. The exploration of the cell types of
these presynaptic projection neurons revealed that the neurons projecting from the cortex to the AACs in
CLA were mainly distributed in layer 5 of the cortex, with a small number of cells located in layers 2/3 and
6. Additionally, the neurons projecting from the ventral pallidum (VP) to the AACs in CLA mainly
The AACs were densely and

widely distributed in the CLLA with a distinct feature of distribution pattern and projection connectivity,

included GABAergic neurons and glutamatergic neurons. Conclusion

which reflects the potential differences in the structure of the claustrum along the anterior-posterior axis and

the cellular specificity of its connection patterns.
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A': Strategy of intersectional labeling (tdTomato) of the AACs; B: Induction process using TMX; C: Serial and equally spaced images
revealing distribution of AACs across multitudinous cerebral cortex; D: The serially selected images revealing the distribution of AACs in the
claustrum. Scale bar: 50 pm. E: The cell density of AACs within the claustrum from anterior to posterior (n=48 brain slices, 4 mice).
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Fig1 Distribution of AACs in the claustrum revealed by Unc5b-CreER : Nkx2.1-Flp : Ai65
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Fig2 Percentage of AISs innervated by GABAergic input in the CLA
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A': Schematic and procedure of presynaptic neurons tracing from AACs in claustrum. B: Injection sites of the retrograde rabies virus. Neurons
were co-infected with the AAV helper virus (in green) and rabies virus (in red). Scale bar: 30 pm on the left; 10 pm on the right. C: The number
of labeled cells gradually decreases along the anterior-posterior axis in the claustrum (2=111 brain slices, 3 mice). D: Cortical and subcortical
presynaptic inputs to the AACs in the claustrum. a-f: Presynaptic neurons in prefrontal (a and b) , cingulate (b and ¢), sensorimotor (¢ and f) ,
olfactory (d) and insular (e) cortices. g-o: Presynaptic neurons labeled in other main brain regions, including BLA (g), VP (h), anterior

amygdaloid area (i), substantia nigra (j), thalamus (k-1), periaqueductal gray (m) and hippocampus(n-o0). Scale bar: 400 pm for a-c; 200 pm for

d-m; 300 pm for n-o.
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Fig3 The input pattern of AACs in the claustrum revealed by retrograde rabies tracing
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Tab 1 The differences in the distribution of presynaptic cells

retrogradely labeled by the rabies virus between the ipsilateral

and contralateral cerebral hemispheres

M2 375 246 BLA 327 96
Al 537 207 CM 102 0
En 369 174 MPA 21 0
AO 246 159 CLA 486 0
St 807 144 PLH 45 0
LO 462 141 PMD 24 0
VO 309 126 PF 192 0
PrL 186 123 PV 87 0
FrA 390 102 Re 111 0
M1 450 270 RM 24 0
Cgl 168 93 PAG 48 0
S2 600 69 LOT 75 0
Cg2 75 45 SNR 78 0
DI 210 45 EA 93 0
PRh 129 36 MD 141 0
GI 201 30 AM 81 0
MO 165 27 AA 150 0
TeA 78 0 VM 69 0
V2 27 0 VP 138 0
Pir 1518 0 ACo 105 0
Au 48 0 71 33 0
Tu 75 0 CA1 282 0
VTT 75 0 CA2 12 0
DTT 111 0
RSD 24 0
Ect 111 0
Ent 45 0
Fr3 78 0
RSG 33 0

The numbers of cells presented are the calculated mean values

derived from three experimental groups.
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Fig4 Detailed overview of inputs from presynaptic neurons to the AACs in the CLA from each of the brain structures
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A': The laminar origin of cortical presynaptic neurons to the AACs in the claustrum. The color scale bar presents the range between 0 and 1. B:

The procedure for injecting the AAV2/9-hSyn-EGFP-WPRE-pA virus and TMX induction. C: Axons originating from the VP were distributed

around the AACs in the claustrum. Scale bar: 100 pm; 30 pm in the inset. D-F : Immunofluorescent staining revealing the cell types of the neurons

in the ventral pallidum that project to the axo-axonic cells in the claustrum. Glutamatergic cells (white, D) and GABAergic cells (green, E) in the

ventral pallidum labeled with tdTomato (Scale bar: 70 pm; 30 pm in the inset) , cholinergic cells (green, F) not labeled with tdTomato (Scale

bar: 100 pm; 50 um in the inset).
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Fig 5 Exploration of the cell types of neurons that project to the AACs in the CLA from the cortex and subcortical structures
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