
Supporting Information 

 

Title: The basolateral amygdala decodes visceral pain and itch 

via distinct circuits and molecules 

 

Qiuying Zhao1, 2, #, Yong-Chang Li2, #, Jia-He Yao2, #, Rui-Xia Weng1, Qianqian 

Chen2, Xue Xu3, Shufen Hu2, Hong-Hong Zhang4, Ying Zhang3*, Rui Li1*, 

Guang-Yin Xu1, 2* 

 

  



 

Supplementary Table 1. The top DEGs of CRD-labeled group and His-

labeled group. The table is divided into two parts: the upper part (green) lists 



the 30 most significantly up-regulated genes in the CRD-labeled group，and 

the lower part (red) lists the 30 most significantly up-regulated genes in the His-

labeled group. The key markers (circled in red in the table) include Fgf2 and 

Notch2, which were validated as molecular identifiers of two functionally distinct 

BLA neurons selectively mediating visceral pain (CRD) and itch (His), 

respectively. Differential expression was analyzed using DESeq2 based on a 

negative binomial distribution and a two-tailed Wald test, log2 fold change > 4, 

p value < 0.05. 

 

 

Fig. S1 Expression of CRD- and His-induced c-Fos in the BLA in female 

mice. (A) Representative immunofluorescence staining images showing c-Fos 

expression in the BLA, LH, PVT, VMH, PVH, PFC, IC of Sham-CRD and CRD 

mice. n = 3 mice, with two slices from each mouse. (B) Heatmap depicting of c-

Fos expression in the BLA, LH, PVT, VMH, PVH, PFC, IC of Sham-CRD and 

CRD mice. n = 3 mice, with two slices from each mouse. ****P < 0.0001, ***P < 

0.001, **P < 0.01, two-way ANOVA with Bonferroni test. n = 3 mice, two slices 



from each mouse. (C) Representative immunofluorescence staining images 

showing c-Fos expression in the BLA, PFC, DMS, PVT, IC, S1, ACC of PBS 

and His mice. (D) Heatmap depicting of c-Fos expression in the BLA, PFC, 

DMS, PVT, IC, S1, ACC of PBS and His mice. n = 3 mice, with two slices from 

each mouse. ***P < 0.001, **P < 0.01, *P < 0.05, two-way ANOVA with 

Bonferroni test. n = 3 mice, two slices from each mouse. Scale bar = 100 μm in 

all panels. 

 

 

Fig. S2 Glutamatergic neurons in basolateral amygdala were activated in 

itch evoked by chloroquine. (A) Schematic timeline of the behavioral 



experiment in itch evoked by chloroquine (CQ). (B) The number of scratching 

induced by CQ. ***P < 0.001, unpaired Student’s t test, n = 6 mice. (C) 

Representative immunofluorescence images of c-Fos staining in BLA after the 

injection of saline or CQ into the nape. (D) Quantification of c-Fos-expressing 

neurons in response to CQ. ***P < 0.001, unpaired Student’s t test, n = 6 brain 

sections from 3 mice per group. (E-F) Representative immunofluorescence 

images of BLA showing co-localization of glutamate and c-Fos (left) and the 

percentage of co-localization in the BLA (right), n = 9 brain sections from 3 mice 

per group. (G-H) Representative immunofluorescence images of BLA showing 

co-localization of GABA and c-Fos (left) and the percentage of co-localization 

in the BLA (right), n = 9 tissue sections from 3 mice per group. All data are 

presented as means ± SEM. Scale bar = 100 μm in all panels. 

 

 



Fig. S3 Representation of CQ and His activated neural ensembles in the 

BLA. (A) Schematic illustration of the Tet-off viral system combined with c-Fos 

staining for labeling BLA neurons activated by CQ and His stimulation. (B) 

Representative images of BLA neurons activated by CQ and His, labeled with 

mCherry (red) and c-Fos (green), respectively. (C) Percentage of CQ-labeled 

neurons, His-labeled neurons, and CQ & His co-labeled neurons. (D) The 

proportion of mCherry⁺c-Fos⁺ double-positive neurons relative to mCherry⁺ 

neurons was significantly lower than single-positive neurons. ***P < 0.001, 

paired Student’s t test, n = 6 brain sections from 3 mice per group. (E) The 

proportion of mCherry⁺c-Fos⁺ double-positive neurons relative to c-Fos⁺ 

neurons was significantly lower than single-positive neurons. ***P < 0.001, 

paired Student’s t test, n = 6 brain sections from 3 mice per group. (F) 

Quantification of BLA neurons activated by CQ and His stimulation, n = 6 brain 

sections from 3 mice per group. All data are presented as means ± SEM. Scale 

bar = 100 μm in all panels, ns: no significance. 

 

 

Fig. S4 Manipulation of BLA GABAergic neurons does not affect visceral 

pain or itch. (A) Schematic of the viral strategy and representative image 

showing the viral injection site in the BLA. (B) Chemogenetic activation of BLA 

GABAergic neurons does not affect visceral pain. (C) Chemogenetic inhibition 



of BLA GABAergic neurons does not affect visceral pain. (D) Chemogenetic 

activation of BLA GABAergic neurons does not affect itch. (E) Chemogenetic 

inhibition of BLA GABAergic neurons does not affect itch. Two-way ANOVA 

followed by Bonferroni’s post hoc test, n = 8 mice per group. Scale bar = 100 μm 

in all panels, ns: no significance. 

 

 

Fig. S5 Optimization of the time window for signal detection using the Tet-

off system. (A) Schematic diagram illustrating the mechanism of the Tet-off 

viral system, wherein Dox-containing drinking water blocks the TRE3g promoter 

from functioning. (B) Schedule of evaluative experiments employing the Tet-off 



system. (C) Representative images of mCherry expression during four different 

conditions. (D) Schematic for assessing the labeling efficiency and specificity 

of Tet-off system. (E) Representative images of BLA neurons activated by CRD 

labeled with mCherry (red) and c-Fos (green) for 24 h off dox (left), labelling 

efficiency and specificity of Tet-off system for 24 h off dox (right), n = 6 brain 

sections from 3 mice per group. (F) Representative images of BLA neurons 

activated by CRD labeled with mCherry (red) and c-Fos (green) for 36 h off dox 

(left), labelling efficiency and specificity of Tet-off system for 36 h off dox (right), 

n = 6 brain sections from 3 mice per group. All data are presented as means ± 

SEM. Scale bar = 100 μm in all panels. 

 

 

Fig. S6 CRD and His activated neurons are two distinct ensembles in BLA. 

(A) Schematic illustration of the Tet-off viral system combined with c-Fos 



staining for labeling BLA neurons activated by CRD and His stimulation. (B) 

Representative images of BLA neurons activated by CRD and His, labeled with 

mCherry (red) and c-Fos (green), respectively. (C) Percentage of CRD-labeled 

neurons, His-labeled neurons, and CRD & His co-labeled neurons. (D) The 

proportion of mCherry⁺c-Fos⁺ double-positive neurons relative to mCherry⁺ 

neurons was significantly lower than single-positive neurons. ****P < 0.0001, 

paired Student’s t test, n = 6 brain sections from 3 mice per group. (E) The 

proportion of mCherry⁺c-Fos⁺ double-positive neurons relative to c-Fos⁺ 

neurons was significantly lower than single-positive neurons. ****P < 0.0001, 

paired Student’s t test, n = 6 brain sections from 3 mice per group. (F) 

Quantification of BLA neurons activated by CRD and His stimulation, paired 

Student’s t test, n = 6 brain sections from 3 mice per group. All data are 

presented as means ± SEM. Scale bar = 100 μm in all panels, ns: no 

significance. 

 

 
Fig. S7 His and CRD activated neurons are two distinct ensembles in BLA 

in female mice. (A) Schematic illustration of the Tet-off viral system combined 

with c-Fos staining for labeling BLA neurons activated by His and CRD 



stimulation. (B) Representative images of BLA neurons activated by His and 

CRD, labeled with mCherry (red) and c-Fos (green), respectively. Scale 

bar = 100 μm, scale bar = 50 μm in zoomed image. (C) Percentage of His-

labeled neurons, CRD-labeled neurons, and CRD & His co-labeled. (D) The 

proportion of mCherry⁺c-Fos⁺ double-positive neurons relative to mCherry⁺ 

neurons was significantly lower than single-positive neurons. ****P < 0.0001, 

paired Student’s t test, n = 6 brain sections from 3 mice per group. (E) The 

proportion of mCherry⁺c-Fos⁺ double-positive neurons relative to c-Fos⁺ 

neurons was significantly lower than single-positive neurons. ****P < 0.0001, 

paired Student’s t test, n = 6 brain sections from 3 mice per group. All data are 

presented as means ± SEM. 

 

 

Fig. S8 The distinction between somatic pain and itch in the BLA is 

independent of topographical location. (A) Schematic of the experimental 



paradigm for c-Fos expression following VFF, His, and non-nociceptive brush 

stimulation applied to the back. (B) Representative immunofluorescence 

staining images showing c-Fos expression of non-nociceptive brush, VFF, and 

His stimulation. Scale bar =100 μm. (C) Quantification of c-Fos-expressing 

neurons in response to non-nociceptive brush, VFF, and His stimulation. ****P 

< 0.0001, one-way ANOVA followed by Turkey’s post hoc test, n = 6 brain 

sections from 3 mice per group, ns: no significance. (D) Schematic illustration 

of the Tet-off viral system combined with c-Fos staining for labeling BLA 

neurons activated by VFF (pain) and His (itch) stimulation applied to the back. 

(E) Representative images of BLA neurons activated by VFF and His, labeled 

with mCherry (red) and c-Fos (green), respectively. Scale bar = 100 μm, scale 

bar = 50 μm in zoomed image. (F) Percentage of VFF-labeled neurons, His-

labeled neurons, and VFF & His co-labeled neurons. (G) The proportion of 

mCherry⁺c-Fos⁺ double-positive neurons relative to mCherry⁺ neurons was 

significantly lower than single-positive neurons. ****P < 0.0001, paired 

Student’s t test, n = 6 brain sections from 3 mice per group. (H) The proportion 

of mCherry⁺c-Fos⁺ double-positive neurons relative to c-Fos⁺ neurons was 

significantly lower than single-positive neurons. ****P < 0.0001, paired 

Student’s t test, n = 6 brain sections from 3 mice per group. All data are 

presented as means ± SEM. 

 



 

Fig. S9 Manipulation of the projections from CRD-labeled BLA neurons to 

VMH or His-labeled BLA neurons to DMS specifically modulates visceral 

pain or itch behaviors in female mice. (A) Schematic of the viral strategy and 

experimental timeline for manipulating the projections of CRD-labeled BLA 

neural ensembles to the VMH. (B) Representative immunofluorescence images 

of axonal terminals in the VMH. (C-D) Chemogenetic activation of the 

projections of CRD-labeled BLA neural ensembles to the VMH significantly 

reduces the visceral pain threshold (C) without affecting itch (D). *P < 0.05, two-

way ANOVA followed by Bonferroni’s post hoc test, n = 7 mice per group. (E-F) 

Chemogenetic inhibition of the projections of CRD-labeled BLA neural 

ensembles to the VMH significantly increases visceral pain threshold (E) 

without affecting itch (F). *P < 0.05, two-way ANOVA followed by Bonferroni’s 



post hoc test, n = 7 mice per group. (G) Schematic of the viral strategy and 

experimental timeline for manipulating the projections of His-labeled BLA neural 

ensembles to the DMS. (H) Representative immunofluorescence images of 

axonal terminals in the DMS. (I-J) Chemogenetic activation of the projections 

of His-labeled BLA neural ensembles to the DMS significantly increases the 

bouts of scratching (I) without affecting visceral pain (J). **P < 0.01, two-way 

ANOVA followed by Bonferroni’s post hoc test, n = 7 mice per group. (K-L) 

Chemogenetic inhibition of the projections of His-labeled BLA neural 

ensembles to the DMS significantly reduces the bouts of scratching (K) but had 

no effect on visceral pain (L). *P < 0.05, two-way ANOVA followed by 

Bonferroni’s post hoc test, n = 7 mice per group. Scale bar = 100 μm in all 

panels, ns: no significance. 

 

 

Fig. S10 Knockdown of Fgf2 in CRD-labeled BLA neurons projecting to 



VMH attenuates visceral pain whereas knockdown of Notch2 in His-

labeled BLA neurons projecting to DMS inhibits itch in female mice. (A) 

Schematic of the viral strategy and experimental timeline for specifically 

knocking down Fgf2 in CRD-labeled BLA neurons projecting to the VMH. (B) 

Representative images showing knockdown of Fgf2 and the corresponding 

statistical graphs. ****P < 0.0001, unpaired Student’s t test, n = 6 brain sections 

from 3 mice per group. (C-D) Knockdown of Fgf2 specifically increases visceral 

pain threshold (C) without affecting itch (D). *P < 0.05, unpaired Student’s t test, 

n = 8 mice per group. (E) Schematic of the viral strategy and experimental 

timeline for specifically knocking down Notch2 in His-labeled BLA neurons 

projecting to the DMS. (F) Representative images showing knockdown of 

Notch2 and the corresponding statistical graphs. ****P < 0.0001, unpaired 

Student’s t test, n = 6 brain sections from 3 mice per group. (G-H) Knockdown 

of Notch2 specifically decreases the bouts of scratching (G) without affecting 

visceral pain (H). *P < 0.05, unpaired Student’s t test, n = 8 mice per group. 

Scale bar =100 μm in all panels, ns: no significance. All data are presented as 

means ± SEM. 


