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Supplementary Figure 1: Short-circuit current, ISC, response to 10 μM DMPP. A: The ISC at 

baseline is not significantly different in Nlgn3R451C compared to WT. B: Representative 

current traces versus time of increase in ISC in WT (blue) and Nlgn3 (orange). C: The increase 

in current, ΔISC and D: time taken to reach the peak of the trace is not altered in the cecum 

of Nlgn3 mice compared to WT mice. Statistical comparisons were conducted using 

Student’s unpaired t-test. Individual data and mean ± SD were plotted for n = 11 mice in 

each group. ns = p >0.05.



Supplementary video 1



Supplementary Video 1: A real-time video recording of contractions in the cecum. 



Supplementary Table 1: Concentrations of primary and secondary antibody steps. 

 Caecal 
patch cross-

section 
Myenteric plexus Submucosal plexus 

Pr
im

ar
y 

an
tib

od
y Antibody CD11c-647 Hu NOS Iba1 Hu VIP ChAT 

Host Armenian 
Hamster Human Sheep Rabbit Human Rabbit Goat 

Dilution 1:500 1:5000 1:1000 1:400 1:5000 1:100 1:100 
Source Biolegend Mayo Clinic 

* 
Sigma-
Aldrich 

Fujifilm 
Wako 

Mayo Clinic 
* Immunostar Sigma-

Aldrich 
Cat. No. 117314 - AB1529 019-19741 - 20077 ab144P 

Se
co

nd
ar

y 
an

tib
od

y Target - Human Sheep Rabbit Human Rabbit Sheep 
Fluorophore  594 488 647 594 488 647 
Host  Donkey Donkey Donkey Donkey Donkey Donkey 
Dilution  1:750 1:400 1:400 1:750 1:400 1:400 
Source 

 
Jackson 
Immuno 
Research 

Invitrogen 
Jackson 
Immuno 
Research 

Jackson 
Immuno 
Research 

Invitrogen Invitrogen 

Cat. No.  709-585-
149 A11015 711-605-

152 
709-585-

149 2289872 A21448 

*Hu antibodies were a gift from Dr. Vanda Lennon, Mayo Clinic, Rochester, MN. 

 

  



Supplementary Table 2: Analysis of CaeMCs including forward/pro-peristaltic and reverse/anti-
peristaltic contraction parameters. 

Overall CaeMC parameters 

Parameters WT  
(mean ± SD) 

NL3  
(mean ± SD) p-value 

Benjamini-
Hochberg 
Adjusted 
p-value 

Significance 

No. of CaeMC in 15min 17.45 ± 3.42 24.09 ± 6.41 0.0103 0.0283 * 
CaeMC velocity (mm/s) 1.475 ± 0.578 2.200 ± 0.884 0.037 0.0678 NS 
CaeMC duration (s) 20.77 ± 8.10 11.59 ± 5.15 0.0048 0.0211 * 
CaeMC quiescence period 
(s) 25.21 ± 6.83 26.21 ± 6.95 0.7363 0.8099 NS 

Percentage of F-R CaeMC 
(%) 78.11 ± 9.06 55.73 ± 13.2 0.0001 0.0022 ** 

Caecal-colonic contraction 
interval (s) 19.61 ± 7.47 8.476 ± 3.54 0.0002 0.0022 ** 

Forward / Pro-peristaltic Contractions (FC) 
FC velocity (mm/s) 4.125 ± 1.01 6.995 ± 3.64 0.0202 0.0494 * 
FC duration (s) 3.795 ± 1.06 2.119 ± 0.852 0.0006 0.0044 ** 
FC Start position (%) 92.17 ± 5.63 81.17 ± 8.81 0.0023 0.0127 ** 

Reverse / Anti-peristaltic Contractions (RC) 
RC velocity (mm/s) 7.94 ± 1.72 9.82 ± 4.21 0.1857 0.2724 NS 
RC duration (s) 1.89 ± 0.386 1.37 ± 0.443 0.0082 0.0301 * 

 

 

  



Supplementary Table 3: Analysis of caecal content and mucus content. 

Caecal content 

Parameters WT  
(mean ± SD) 

NL3  
(mean ± SD) p-value Significance 

Caecal weight (before 
clearing) (g) 0.5564 ± 0.0776 0.4717 ± 0.0766 0.0101 * 

Weight of content (g) 0.3921 ± 0.0728 0.3175 ± 0.0605 0.0096 ** 
Weight of content/Body 
weight 0.01410 ± 0.00265 0.01214 ± 0.00204 0.0484 * 

Mucus content 
Mucus Area (μm2/μm2) 0.1023 ± 0.0605 0.07409 ± 0.0462 0.2564 NS 
Overall Caecal Area (x108 μm2) 1.208 ± 0.403 1.127 ± 0.159 0.5592 NS 

 

  



Supplementary Table 4: Analysis of Ussing chamber parameters and response to DMPP. 

Overall Ussing chamber parameters 

Parameters WT  
(mean ± SD) 

NL3  
(mean ± SD) p-value Significance 

Transepithelial resistance (TER) 
(×103 Ω/cm2) 0.2306 ± 0.0729 0.2621 ± 0.102 0.1809 NS 

TER after FITC (×103 Ω/cm2) 0.4056 ± 0.0835 0.4828 ± 0.119 0.7630 NS 

Concentration of FITC (ng/ml) 21.14 ± 25.6 23.94 ± 29.8 0.2518 NS 

Apparent permeability, Papp  
(ng/ml/min/cm2) 2.758 ± 1.05 3.204 ± 0.498 0.2400 NS 

Response to 10 µM DMPP 
Short-circuit current, ISC 
(µA/cm2) 66.56 ± 17.3 49.57 ± 28.9 0.1097 NS 

Increase in current, ΔISC 
(µA/cm2) 15.64 ± 15.7 8.636 ± 5.27 0.1770 NS 

Time taken to reach peak (s) 64.45 ± 14.1 66.09 ± 18.5 0.8178 NS 
Response to 20 µM DMPP 

Short-circuit current, ISC 
(µA/cm2) 47.53 ± 14.6 36.66 ± 24.9 0.2320 NS 

Increase in current, ΔISC 
(µA/cm2) 29.78 ± 11.5 19.30 ± 9.69 0.0367 * 

Time taken to reach peak (s) 95.40 ± 14.2 88.20 ± 8.70 0.1892 NS 
 

  



Supplementary Table 5: Analysis of Hu, VIP, and ChAT-immunostained submucosal neurons. 

Submucosal Hu+ neurons 

Parameters WT  
(mean ± SD) 

NL3  
(mean ± SD) p-value Significance 

Hu neurons per ganglion 8.500 ± 1.04 8.900 ± 1.26 0.6273 NS 
Submucosal VIP+ neurons 

VIP neurons per ganglion 4.200 ± 0.963 4.620 ± 1.61 0.6611 NS 
VIP neurons per ganglion (%) 57.64 ± 4.77 52.31 ± 15.5 0.5337 NS 

Submucosal ChAT+ neurons 
ChAT neurons per ganglion 0.2750 ± 0.150 0.6000 ± 0.442 0.2064 NS 
ChAT neurons per ganglion (%) 3.160 ± 3.04 6.568 ± 6.31 0.3589 NS 

 

 

  



Supplementary Table 6: Analysis of caecal patch count, CD11c+ cell morphology and Iba-1+ cell 
morphology. 

Caecal patch count 

Parameters WT  
(mean ± SD) 

NL3  
(mean ± SD) p-value Significance 

Caecal patch count (total) 1.000 ± 0 1.438 ± 0.629 0.0240 * 
Caecal patch count (Main) 1.067 ± 0.258 1.000 ± 0 0.8994 NS 
Caecal patch count (ILF) 0.2000 ± 0.561 0.467 ± 0.640 0.2008 NS 

 Caecal patch CD11c+ cell morphology 

    NL3 (Main) 
(mean ± SD) 

NL3 (ILF) 
(mean ± SD)     

Area (µm2) 592.8 ± 194 543.6 ± 118 653.7 ± 146 0.5521 NS 

Sphericity 0.6269 ± 
0.0368 

0.6329 ± 
0.0512 

0.5932 ± 
0.0334 0.2962 NS 

Volume (µm3) 658.3 ± 281 584.7 ± 121 687.6 ± 173 0.7173 NS 
 Myenteric plexus Iba-1+ cell morphology 

Number of Iba-1+ cells 111.2 ± 16.8 109.2 ± 34.9 0.9108 NS 

Area (µm2) 2856 ± 665 2895 ± 232 0.9051 NS 

Sphericity 0.4579 ± 
0.0522 0.4792 ± 0.0184 0.4147 NS 

Volume (µm3) 4257 ± 1151 4694 ± 498.4 0.4575 NS 
 

 

 

 

 


	20230421_CaecalDysfunctioninNL3_Figures_CYQL.pdf
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	Figure 1: Novel neurogenic contraction patterns are observed in the cecum - Cecal Motor Complex (CeMC). A: Representative diagram to show how the cecal preparation in the organ bath is mapped onto the spatiotemporal heatmaps (C and D). The x-axis refers to time in seconds, whereas the y-axis refers to gut position (mm). B: Fast Fourier transform shows that the dominant oscillation of the contractile pattern in both the cecum and colon occur at a similar low frequency (arrowheads on E and G). Statistical comparisons between cecum and colon were conducted using Student’s unpaired t-test. Individual data and mean ± SD were plotted for n = 4 mice in each group. ns = p >0.05 C: Representative spatiotemporal heatmap of the contractile activity observed in the cecum and connecting proximal colon, at control. D: Representative spatiotemporal heatmap showing that the majority of the contractile activity is abolished in both the cecum and colon in the presence of 1 µM TTX in the organ bath. Power spectrum graphs in the colon at E: control and F: TTX show that contractile activity is entirely abolished with TTX, as expected (dotted circle). In the cecum, the power spectrum graphs at G: control show a similar trace to that found in the proximal colon (E). H: In the presence of TTX, the majority of contractile activity in the cecum is similarly abolished (dotted circle). Heatmaps and power spectrum graphs shown are representative of preparations from N=4 WT mice. �
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	Figure 2: Cecal motility patterns are altered in Nlgn3R451C mice. A-D: Representative spatiotemporal heatmaps of cecal motor complexes (CeMC) (denoted by black boxes and enlarged in B, D) in A-B: wildtype (WT) and C-D: Nlgn3 mice. Forward contractions (FC) are denoted by black arrows and reverse contractions (RC) are denoted by dashed arrows. n = 11 in each group. E: Nlgn3 mice have a higher number of CeMC in 15 mins. F: Velocity of CeMC between WT and Nlgn3 is not significantly different. G: Duration of CeMC in Nlgn3 are shorter compared to WT. H: No difference in quiescence period in WT and Nlgn3 mice.�CeMC frequency was analysed using a Mann-Whitney statistical test. Other parameters of cecal motility were analysed using Student’s unpaired t-test. All measures of cecal motility were assessed using the Benjamini-Hochberg procedure to account for false discovery rate. Individual data and mean ± SD were plotted for n = 10-11 mice in each group. n.s.=not significant. ns = p >0.05, *p <0.05.�
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	Figure 3: Altered cecal contraction patterns in Nlgn3R451C mice. A: The percentage of CeMCs showing the contraction pattern is significantly lower in Nlgn3 mice. B: the cecal-colonic contraction interval is significantly shorter in Nlgn3 mice. C-D: Characteristics of individual contractions within CeMCs. C: Alterations to velocity, duration, and start position of the forward contraction (FC) in Nlgn3 mice. D: For reverse contractions (RC), the velocity is comparable, however their duration is shorter in Nlgn3 mice compared to WT. Cecal motility parameters were analysed using Student’s unpaired t-test. All measures of cecal motility were assessed using the Benjamini-Hochberg procedure to account for false discovery rate. Individual data and mean ± SD were plotted for n = 11 mice in each group. ns = p >0.05, *p <0.05, **p <0.01. ��
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	Figure 4: Cecal content is reduced in Nlgn3R451C mice. A: Cecal weight is decreased in Nlgn3 mice. B: The weight of cecal content is reduced in Nlgn3 mice compared to WT. C: The weight of cecal content standardized to body weight is significantly lower in Nlgn3 mice. Statistical comparisons were conducted using Student’s unpaired t-test and individual data and mean ± SD were plotted for WT, n = 14; Nlgn3, n = 12 mice in each group. *p <0.05, **p <0.01. Mucus content and overall cecal area in WT versus Nlgn3 mice. Cecum cross-sections stained with Alcian Blue from D: WT and E: Nlgn3 mice. F: There is no significant difference in amount of stained mucus in cecal cross-sections between WT and Nlgn3 mice. G: There is no significant difference in overall cecal area between WT and Nlgn3 mice. Statistical comparisons were conducted using Student’s unpaired t-test. Individual data and mean ± SD were plotted for n = 10 mice in each group. ns = p >0.05, *p <0.05, **p <0.01. 
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	Figure 5: Transepithelial resistance (TER) and paracellular permeability of WT and Nlgn3R451C mice. There is no significant difference observed in the TER (A) and apparent permeability (B) of WT and Nlgn3 cecum. The TER over time (C) as well as concentration of FITC-Dextran (D) was not significantly different in WT and Nlgn3 caeca. Statistical comparisons were conducted using A-B: Student’s unpaired t-test and C-D: two-way ANOVA with Šídák multiple comparisons test. Individual data and mean ± SD were plotted for A: WT: n = 31; Nlgn3: n = 26 and B, C, D: n = 10 in each group.  ns = p >0.05. Short-circuit current, ISC, response to 20 µM DMPP. E: The ISC at baseline is not significantly different in Nlgn3 compared to WT. F: Time taken to reach the peak of the trace is not altered in the cecum of Nlgn3 mice compared to WT mice. G: The increase in current, ΔISC is significantly lower in the cecum of Nlgn3 mice compared to WT mice. H: Representative current traces versus time of increase in ISC in WT (blue) and Nlgn3 (orange). Statistical comparisons were conducted using Student’s unpaired t-test and individual data and mean ± SD were plotted for n = 11 mice in each group. ns = p >0.05, *p <0.05.
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	Figure 6: Hu, VIP, and ChAT immunostaining in the submucosal plexus of WT (A) and Nlgn3R451C (B) mice. VIP (clear arrowheads) and ChAT (filled arrowhead) immunolabelled enteric neurons in the cecal submucosal plexus are pictured. C: No significant difference was observed in the number of Hu immunolabelled neurons per ganglion. D: The number of VIP immunostained neurons and the percentage of VIP immunostained neurons per ganglion was not significantly different. E: No significant difference was observed in the number of ChAT immunolabelled neurons and the percentage of ChAT neurons per ganglion. Statistical comparisons were conducted using Student’s unpaired t-test and individual data and mean ± SD were plotted for n = 11 mice in each group. ns = p >0.05.
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	Figure 7: Multiple cecal patches are present in Nlgn3R451C mice. Representative images of pinned-out cecum from WT (A) and Nlgn3 (B) mice. Blue dashes outline the main cecal patch, whereas orange dashes outline the isolated lymphoid follicles (ILF) typically found along the body of the cecum. C: Total cecal patch numbers are significantly higher in Nlgn3 cecum compared with WT littermates. 3 outliers were removed in the WT group according to the ROUT Q = 1% method. D: When total cecal patch count is split into main and ILF cecal patches, the difference is not significant despite an evident, qualitative trend for an increase in Nlgn3 ILF. Statistical comparisons were conducted using Student’s unpaired t-test and individual data and mean ± SD were plotted for WT: n = 12; Nlgn3: n = 16 mice in each group. ns = p >0.05, *p <0.05.
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	Figure 8: No morphological differences documented in CD11c+ cells within cecal patches of Nlgn3R451C and WT mice. Both main and ILF Nlgn3 cecal patches (A, B) were immunostained for CD11c whereas only main patches were immunostained for WT mice (C). No significant morphological differences were observed among WT main, Nlgn3 main, and Nlgn3 ILF cecal patches with the parametrized area (D), sphericity (E), and volume (F). Statistical comparisons were conducted using one-way ANOVA with Tukey’s multiple comparisons test. Individual data and mean ± SD were plotted for n = 5 mice in each group. ns = p >0.005.
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	Figure 9: No morphological difference was observed in Iba-1+ immunopositive cells in the myenteric plexus of Nlgn3R451C cecum compared to WT littermates. 3D reconstruction and analysis of Iba-1+ cells in WT (A) and Nlgn3 (B) myenteric plexus. No significant morphological differences were observed with the parametrized batches of Iba-1+ cells for (C), area (D), sphericity (E), and volume (F). Statistical comparisons were conducted using Student’s unpaired t-test. Individual data and mean ± SD were plotted for n = 5 mice in each group. ns = p >0.05.
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	Supplementary Figure 1: Short-circuit current, ISC, response to 10 μM DMPP. A: The ISC at baseline is not significantly different in Nlgn3R451C compared to WT. B: Representative current traces versus time of increase in ISC in WT (blue) and Nlgn3 (orange). C: The increase in current, ΔISC and D: time taken to reach the peak of the trace is not altered in the cecum of Nlgn3 mice compared to WT mice. Statistical comparisons were conducted using Student’s unpaired t-test. Individual data and mean ± SD were plotted for n = 11 mice in each group. ns = p >0.05.
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