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Fig. S5. CRISPR-Cas9-mediated crh gene disruption in CRHPVN neurons of CRH::Cre-Cas9 mice. (A) Generation 
of CRH::Cre-Cas9 mice. (B) Schematic of AAV sgCRH12 vector design. (C) Schematic of AAV-DJ-U6-
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Fig. S6. Optogenetic stimulation of CRHPVN neurons triggers dynamic changes in circulating immune cell 
intracellular signaling cascades. (A) CD4+ T cells altered expression of pSTAT6 (control mean: 5.278; stimulation 
mean: 2.569; t ratio = 5.938, adjusted ***P = 0.001148), pMAPKAPK2 (control mean: 0; stimulation mean: 0.655; t ratio 
= 6.048, adjusted ***P = 0.001115), pERK (control mean: 0.3583, stimulation mean: 0, t ratio = 4.044, adjusted *P = 
0.014003), NFκB (control mean: 0.6279, stimulation: 0; t ratio = 5.259, adjusted ***P = 0.002578), IκB (control mean: 
4.716; stimulation mean: 18.25; t ratio = 9.262, adjusted †P = 0.000032), and pSTAT1 (control mean: 0; stimulation mean: 
1.103, t ratio = 11.81, adjusted †P = 0.000004). (B) CD8+ T cells had similar responses to optogenetic stimulation, 
pSTAT6 (control mean: 4.154; stimulation mean: 2.226; t ratio = 6.095, adjusted ****P = 0.000996), pMAPKAPK2 
(control mean: 0; stimulation mean: 0.6406, t ratio = 5.955, adjusted ****P = 0.000996), pERK (control mean: 0.3365, 
stimulation mean: 0, t ratio = 4.148, adjusted *P = 0.011861), NFκB (control mean: 0.7248; stimulation mean: 0, t ratio = 
6.133, adjusted ****P = 0.000996), IκB (control mean: 5.893; stimulation mean: 19.89; t ratio = 8.77, adjusted †P = 
0.000052), and pSTAT1 (control mean: 0, stimulation mean: 1.142, t ratio = 13.23, adjusted †P = 0.000001). (C) Additional 
changes in circulating B cells (B220+) were observed, including pSTAT6 (control mean: 7.963; stimulation mean: 4.026; t 
ratio = 5.83, adjusted ****P = 0.000995), IgM (control mean: 39.55, stimulation mean: 19.18, t ratio = 6.308, adjusted 
****P = 0.000617), pMAPKAPK2 (control mean: 0, stimulation mean: 0.6665; t ratio = 8.724, adjusted †P = 0.000044), 
pERK (control mean: 0.6719; stimulation mean: 0; t ratio = 5.610; adjusted ***P = 0.001122), NFκB (control mean: 
0.8489; stimulation mean: 0; t ratio = 4.257; adjusted **P = 0.006669), IκB (control mean: 3.894; stimulation mean: 17.19; 
t ratio = 9.626, adjusted †P = 0.00002), and pSTAT1 (control mean: 0; stimulation mean: 1.172; t ratio = 13.11, adjusted †P 
= 0.000001). (D) Additional changes were observed in circulating NK cells, pSTAT6 (control mean: 17.32; stimulation 
mean: 10.91; t ratio = 4.032, adjusted *P = 0.013537), pMAPKAPK2 (control mean: 0; stimulation mean: 0.3415; t ratio 
= 4.065, adjusted *P = 0.013537), pERK (control mean: 0.2802; stimulation mean: 0.01361; t ratio = 3.120, adjusted *P = 
0.042791), NFκB (control mean: 1.149, stimulation mean: 0, t ratio = 8.253, adjusted †P = 0.000063), IκB (control mean: 
2.397, stimulation mean: 13.17, t ratio = 10.91, adjusted †P = 0.00006), and pSTAT1 (control mean: 0, stimulation mean: 
0.7538; t ratio = 14.2, adjusted †P < 0.000001). (E) Alteration in Th1 Tbet+ CD4+ T cells including pSTAT6 (control 
mean: 7.177; stimulation mean: 5.069; t ratio = 3.526, adjusted *P = 0.032434), pMAPKAPK2 (control mean: 0; 
stimulation mean: 0.9113; t ratio = 8.570, adjusted †P = 0.000058), pERK (control mean: 0.5380; stimulation mean: 
0.1302; t ratio = 7.852, adjusted †P = 0.000097), NFκB (control mean: 0.7856, stimulation mean: 0, t ratio = 8.152, 
adjusted †P = 0.000080), IκB (control mean: 7.099, stimulation mean: 27.89, t ratio = 16.47, adjusted †P < 0.000001), 
and pSTAT1 (control mean: 0, stimulation mean: 1.444; t ratio = 16.53, adjusted †P < 0.000001). (F) Alteration in MHCII+ 
DCs including pSTAT6 (control mean: 19.02; stimulation mean: 7.716; t ratio = 4.049, adjusted *P = 0.011581), IgM 
(control mean: 43.87, stimulation mean: 19.82, t ratio = 5.298, adjusted ***P = 0.002785), pMAPKAPK2 (control mean: 0, 
stimulation mean: 0.6783; t ratio = 5.387, adjusted ***P = 0.002761), pERK (control mean: 0.7675; stimulation mean: 0; 
t ratio = 4.443; adjusted **P = 0.007468), NFκB (control mean: 1.032; stimulation mean: 0; t ratio = 3.741; adjusted *P = 
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0.015285), IκB (control mean: 2.434; stimulation mean: 9.693; t ratio = 5.130, adjusted ***P = 0.003107), and pSTAT1 
(control mean: 0; stimulation mean: 1.182; t ratio = 15.37, adjusted †P < 0.000001). (G) Alteration in MHCII+ DCs 
including pSTAT6 (control mean: 60.33; stimulation mean: 14.94; t ratio = 8.598, adjusted †P = 0.000062), IgM (control 
mean: 0.6686, stimulation mean: 0.01085, t ratio = 8.703, adjusted †P = 0.000061), pMAPKAPK2 (control mean: 0, 
stimulation mean: 0.5179; t ratio = 4.272, adjusted ***P = 0.004887), pERK (control mean: 0.6427; stimulation mean: 
0.03657; t ratio = 6.487; adjusted ****P = 0.000561), NFκB (control mean: 0.9809; stimulation mean: 0; t ratio = 6.301; 
adjusted ****P = 0.000623), IκB (control mean: 1.250; stimulation mean: 9.956; t ratio = 7.986, adjusted †P = 0.000108), 
pS6 (control mean: 24.60; stimulation mean: 7.506; t ratio = 2.643; adjusted *P = 0.048614), pSTAT1 (control mean: 0; 
stimulation mean: 0.4378; t ratio = 5.189, adjusted ***P = 0.002036), p38 (control mean: 0.6725; stimulation mean: 0; 
t ratio = 6.278, adjusted ****P = 0.000623), pSTAT5 (control mean: 0.1170; stimulation mean: 0.0009726; t ratio = 2.328, 
adjusted *P = 0.048614) and CREB (control mean: 25.39; stimulation mean: 10.40; t ratio = 5.023, adjusted ***P = 
0.002076). (H) pSTAT6 (control mean: 48.10; stimulation mean: 33.03; t ratio = 6.724, adjusted ****P = 0.000572), 
NFκB (control mean: 1.651, stimulation mean: 0.03220, t ratio = 8.715, adjusted †P = 0.000066), IκB (control mean: 
21.25, stimulation mean: 43.71, t ratio = 4.394, adjusted *P = 0.013395), and CREB (control mean: 27.77, stimulation 
mean: 8.637; t ratio = 3.649, adjusted *P = 0.039519). (n = 6 mice/group; error bars represent SEM; Holm-Šidák Test; 
*P < 0.05, **P < 0.01, ***P < 0.005, ****P < 0.001, †P < 0.0005).
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Table. S1. Isotope conjugated antibodies used in CyTOF experiments. 
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CD15 Y 89 

Ter-119 In 113 

CD45 In 115 

CD24 La 139 

CD27 Ce 140 

Ly6G Pr 141 

CD11c Nd 142 

CD11b Nd 143 

CD115 Nd 144 

CD4 Nd 145 

CD8a Nd 146 

PDCA1 Sm 147 

CD19 Sm 149 

CD3 Sm 152 

CD25 Gd 157 

CD16 Gd 158 

TCRγδ Tb 159 

CD62L Gd 160 

Ly6C Dy 162 

NK1.1 Ho 165 

IgM Er 169 

CD49b Er 170 

CD44 Yb 171 

CD38 Yb 173 
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pCREB Nd 148 

pSTAT5 Nd 150 

P38 Eu 151 

pSTAT1 Eu 153 

pSTAT3 Sm 154 

pS6 Gd 155 

Foxp3 Gd 156 

cPARP Dy 161 

Tbet Dy 163 

IκB Dy 164 

pNFκB Er 166 

pERK1/2 Er 167 

pMAPKAPK2 Er 168 

pSTAT6 Yb 172 
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