
SUPPLEMENTARY FIGURE LEGENDS 

 

Figure S1. Confirmation of specific labeling of sensory and sympathetic innervation of LN 

with Nav1.8Cre and TH  

Related to Figure 1 

A. 3D reconstruction of a representative confocal image of whole-mount popLNs from ChATBAC-

eGFP animals, where cholinergic cells are genetically labeled with GFP, stained for β3-Tubulin 

(red), GFP (green). B. 3D reconstruction of a representative confocal image of whole-mount iLNs 

from tamoxifen-treated Bmx-CreERT2 Rosa26LSL-eYFP/+ animals, where arterial endothelial cells are 

genetically labeled with YFP, stained for β3-Tubulin (red), YFP (green), and smooth muscle actin 

(SMA, blue), demonstrating preferential association between nerves and arterial vessels supplying 

LNs. C. The schematic for fluorescent wheat-germ agglutinin (WGA) -based retrograde tracing of 
iLN-innervating sensory neurons. D and E. Representative confocal images of sections from DRGs 

and SGs containing WGA-AF488+ retrogradely-labeled iLN-innervating neurons of Nav1.8Cre/+; 

Rosa26LSL-tdTomato/+ animals with endogenous fluorescence from tdTomato and WGA-AF488 shown 

in red and green, respectively. F and G. Representative confocal images of sections from DRGs 

and SGs containing WGA-AF488+ retrogradely-labeled iLN-innervating neurons of Nav1.8Cre/+; 

Rosa26LSL-tdTomato/+ animals, with TH stained in red and endogenous fluorescence from WGA-

AF488 shown in green. H. Quantification of the percentage of WGA-AF488+ retrogradely-labeled 

LN-innervating DRG or SG neurons that are genetically labeled with Nav1.8Cre or are TH+. 

Significance assessed by Welch’s t-test, p=0.0003 (***), p<0.001 (***), based on a total of 60 WGA-

AF88+ DRG neurons and 167 WGA-AF88+ SG neurons from 3 mice. 

 

Figure S2.  Anatomical characterization of sensory innervation of different LN subdomains 

Related to Figure 2 

A. A representative confocal section of whole-mount iLNs from Nav1.8Cre/+; Rosa26tdTomato/+; Prox1-

EGFP animals, stained for tdTomato (red), GFP (green), CD45 (blue) and CD169 (white), allowing 
identification of LN subdomains, including T cell zone labeled as (T), B follicles labeled as (B) and 

the medulla labeled as (M). Note that the outermost layer of GFP+ LECs (green) delineates LN 

boundary. B. A representative confocal section of whole-mount iLNs from Nav1.8Cre/+; Rosa26LSL-

tdTomato/LSL-tdTomato animals, stained for tdTomato (red), PNAd (green) and SMA (blue), demonstrating 

a general lack of contact between tdTomato+ sensory fibers (arrowhead) and PNAd+ high 

endothelial venules (HEVs). C. 3D view of a representative confocal substack of whole-mount iLNs 

from Nav1.8Cre/+; Rosa26LSL-tdTomato/LSL-tdTomato animals, stained for tdTomato (red) and CD31 (green), 

illustrating the perivascular origin of capsular/subcapsular fibers (arrowhead). D and E. Section 
view of an intravital two-photon micrograph of representative capsular/subcapsular tdTomato+ 

sensory fibers (red) in relation to in vivo antibody labeled CD169+ SCS macrophages (green) and 



collagen fibers (blue) detected by second-harmonic generation microscopy in popliteal LNs from 

Nav1.8Cre/+; Rosa26LSL-tdTomato/+ animals, demonstrating the presence of capsular (D) and 

subcapsular (E) fibers. 

 
Figure S3. Evaluation of the specificity and efficiency of the viral-based retrograde labeling 

Related to Figure 3 

A. 3D reconstruction of a representative confocal image of whole-mount iLNs targeted for 

intranodal injection with AAV-Cre from Rosa26LSL-tdTomato/LSL-tdTomato animals, stained for tdTomato 

(red) to show the extent of labeling at the site of injection. B. Representative epifluorescence image 

of tdTomato+ DRG neurons retrogradely labeled from perinodal injection in a whole-mount spinal 

cord-DRG preparation without antibody amplification. C. Quantification of the number of retrograde-

labeled neurons from intranodal and perinodal injection. Intranodal: 16.25 (mean) ± 2.394 (SEM); 
perinodal: 1.500 (mean) ± 0.6455 (SEM), p=0.0064 (**) by Welch’s t-test, n=4 per group. D. 3D 

reconstruction of a representative confocal image of whole-mount iLNs targeted for intranodal 

injection with AAV-Flex-tdTomato from Nav1.8Cre/+; Rosa26LSL-eYFP/+ animals, stained for tdTomato 

(red) and CD31 (green) to visualize the axonal projections of retrogradely-labeled neurons. E. 

Representative epifluorescence image of tdTomato+ DRG neurons retrogradely labeled from the 

skin overlying the iLN in a whole-mount spinal cord-DRG preparation without antibody amplification. 

F. 3D reconstruction of a representative confocal image of whole-mount skin targeted for 

intradermal injection with AAV-Flex-eGFP from Nav1.8Cre/+ animals, stained for GFP (green) and 
DAPI (blue) to demonstrate the specificity of labeling from the skin. G. Soma size distribution of 

retrogradely-labeled iLN-innervating and randomly sampled CGRP+ neurons from the same DRGs 

following intranodal injection of AAV-Cre into Rosa26LSL-tdTomato/LSL-tdTomato animals based on 49 

tdTomato+ iLN-innervating and 114 CGRP+ DRG neurons from 3 and 2 mice, respectively. H. 3D 

reconstruction of a representative confocal image of whole-mount iLNs from Nav1.8Cre/+; Rosa26LSL-

tdTomato/LSL-tdTomato animals, stained for tdTomato (red), NFH (green) and TH (blue) to visualize co-

innervation of LNs by myelinated and unmyelinated sensory fibers. 
 

Figure S4. Expression of neuronal functional pathways by LN- and skin-innervating sensory 

neurons and evaluation of specificity and sensitivity of select genes as markers of LN-

innervating sensory neurons 

Related to Figure 5 

A. and B. Expression of Prokr2 (A) and Ptgir (B) by innervation target and Neuron Type. 

Significance assessed by Mann-Whitney-Wilcoxon test * p<0.05, *** p<0.001. C-E Heatmaps of 

gene lists curated in the Usoskin et al. Sensory Neuron Atlas (Usoskin et al., 2015). Blue bar 
represents skin-innervating neurons, yellow bar represents LN-innervating neurons. F-I. 

Representative confocal images of RNAscope analysis for indicated target (green) on DRG 



sections containing tdTomato+ retrogradely-labeled neurons (red) (F, H: LN-innervating, G, I: skin-

innervating). 

 

Figure S5. A single-cell transcriptomic atlas of inguinal LNs (iLN) at steady state  

Related to Figure 6 

A. tSNE of 9,662 single cells from an initial clustering analysis. * indicates clusters that required 

additional subclustering to resolve all constituent cell types. B. tSNE of T cell parent cluster. C. Dot 

plot of the top DE genes between Tregs and remaining non-Treg T cells. D. tSNE of additional 

subclustering of non-Treg T cells from B. E. Dot plot of the top DE genes between CD4 T cells and 

CD8 T cells. F. tSNE of parent macrophage and dendritic cell cluster. G. Dot plot of the top DE 

genes between Macrophages and cDC 2 cells. H. tSNE of parent blood endothelial cell cluster. I. 

Dot plot of the top DE genes between BEC and HEC. J. tSNE of parent NK cells. K. Dot plot of the 
top DE genes between mitotic NK cells and non-mitotic NK cells (“NK cells”). L. tSNE of parent 

Neutrophil cluster. M. Dot plot of the top DE genes between Neutrophils 1 and Neutrophils 2. N. 

tSNE of parent Lymphatic Endothelial Cell (LEC) cluster. O. Dot plot of the top DE genes between 

LEC 1 and LEC 2. For all dot plots, circle diameters reflect the percent of cells expressing a given 

marker within that cell type, circle colors reflect relative expression abundance within that cell type; 

light grey: low, black: high.  P. Heatmap of gene-normalized, scaled DGE of the top 10 cell type-

specific genes for each identified cell type (yellow: high relative expression; purple: low relative 

expression). Cell types reflect final clustering after subclustering, cell type-specific genes identified 
by comparing one cell type to all other cells in the dataset. Cell types are subsampled to 25 cells 

per cell type for heatmap (see Table S3).  

 

Figure S6. Evaluation of methods to determine neuron-LN cell interaction potentials  

Related to Figure 6 

A. Schematic of method for identifying cognate neuron-LN-cell pairs. B. Pearson correlation of 

Interaction Potential (calculated as in Figure 6G) with cell quality (measured as median UMI/cell 
for each cell type). C and D. Comparison of cell type summary statistics to calculate Interaction 

Potential (C: average expression, D: percent expression) * p<0.05, ** p<0.01, ***p<0.001, dashed 

lines represent 99% confidence interval from permutation test (see STAR Methods). E. 

Comparison of Interaction Potential after downsampling to equivalent cell numbers (using the 

scaled average Interaction Potential, as in Figure 6G). F. Left: Heatmap of top expressed 

neuropeptides in LN-innervating sensory neurons; Right: Dotplot of respective cognate receptor 

expression (denoted by arrows) in LN cells at steady state (circle diameter reflects the percent of 

cells expressing a given marker within that cell type, circle color reflects relative expression 
abundance within that cell type; light grey: low, black: high). G. and H. Top candidate interaction 

molecules driving high Interaction Potential in G. Non-Endothelial Stromal, H. BEC. 



 

Figure S7. scRNA-seq of iLNs following optogenetic neuronal stimulation 

Related to Figure 7 

A. 3D reconstruction of representative confocal sections of whole-mount iLNs following intranodal 
injection of AAV-Flex-tdTomato into Nav1.8Cre/+; Rosa26LSL-eYFP/+ animals, stained for tdTomato 

(red) and CD31 (green) to reveal the axonal trajectory of iLN-innervating neurons in relation to the 

site of illumination (arrow). B. Abundance of light-induced differentially expressed genes (left: 

downregulated with light stimulation; right: upregulated with light stimulation) among 2 ChR2+ 

animals, representing preliminary analysis of optogenetic-based neuronal triggering. C. Schematic 

of mouse cohort and study design. D. Correlation between the pseudopopulation average gene 

expression profile of each cell type from the steady state iLN atlas (Figure 6, rows) and the light-

stimulated iLN atlas (Figure 7, columns). E. Quantification of alterations in cell composition by 
photostimulation, represented as fold change in fractional abundance of each cell type between 

matched light-exposed and light-unexposed sides within each mouse. Blue circles: ChR2+ mice, 

n=4; black squares: ChR2- mice, n=3. F. Cellularity of light-exposed and light-unexposed iLNs from 

ChR2- and ChR2+ animals at the end of photostimulation. ChR2-: p= 0.2470 (ns); ChR2: p= 0.6755 

(ns) by 2-way ANOVA with Sidak's multiple comparisons test; 5 mice per genotype. G. Correlation 

between abundance of DE genes and interaction potential over multiple of DE gene cutoff 

parameters.  

 
  



SUPPLEMENTARY TABLES 

 

Table S1. Metadata-annotated neuron scRNA-Seq data 

Related to Figures 3 and 4 

Table S2. Differentially expressed genes by Neuron Type and between LN-innervating and skin-

innervating neurons, gene ontology lists. 

Related to Figures 4 and 5 

Table S3. Metadata-annotated steady state LN cell atlas UMI vs. cell matrix 

Related to Figure 6 

Table S4. Steady state LN cell atlas: Cell type cluster defining genes and subcluster defining 

genes. 

Related to Figure 6 

Table S5. Differentially expressed genes following neuronal stimulation by cell type and genotype. 

Related to Figure 7  

 

 

SUPPLEMENTARY MOVIES 

Movie 1. 3D animation of Figure 1A. 

Movie 2. 3D animation of Figure 1B. 

Movie 3. 3D animation of Figure 2A. 
Movie 4. Slice view of Figure 2C. 

Movie 5. 3D animation of Figure 2E. 

Movie 6. 3D animation of surface rendering of Figure S2B. 

Movie 7. 3D animation of Figure 2F. 

Movie 8. 3D animation of Figure S3D. 

 

 



D E

F G

DRG SG

TdTomato/Nav1.8Cre
LN innervating

TdTomato/Nav1.8Cre
LN innervating

TH
LN innervating

DRG

TH
LN innervating

SG

50μm

50μm 50μm

H

C

Day 1
1 μL of WGA-488 into 

right iLN of 
 

Day 4
 DRGs and SGs containing 
labeled neurons processed 
for immunohistochemistry

T13, L1 DRGs 
and SGs

B
Figure S1

Inguinal LN
(iLN)

DRG SG DRG SG

%
TH

+  a
nd

 W
G

A-
AF

48
8+

%
Td

T+  a
nd

 W
G

A-
AF

48
8+

100

80

60

40

20

0

100

80

60

40

20

0

*** ***

β3-Tubulin
YFP/BmxCre

SMA

Nav1.8Cre/+;Rosa26tdt/+ animals

250μm

100μm 100μm

100μm 100μm

A
β3-Tubulin

GFP/ChAT

200μm



A
Figure S2

TdTomato/Nav1.8Cre
PNAd
SMA

B
TdTomato/Nav1.8Cre

CD31

200μm 200μm

C

D E

30μm

TdTomato/
Nav1.8Cre

CD169
Collagen

TdTomato/
Nav1.8Cre

CD169
Collagen30μm30μm 30μm

200μm

TdTomato/Nav1.8Cre
GFP/Prox1

CD45
CD169

T

T

B

B

B

M



A

D

C

TdTomato/AAV-FLEX-tdt into Nav1.8Cre
CD31

TdTomato/AAV-Cre into LN

G H TdTomato/Nav1.8Cre
NFH

TH

Figure S3

E F

T10-L3 DRGs

500μm

GFP
DAPI

AAV-FLEX-eGFP into
Nav1.8Cre

TdTomato/AAV-Cre outside LN

T12-L3 DRGs

%
 o

f l
ab

el
ed

 n
eu

ro
ns

 

Cell Area (μm2)

LN-innervating
CGRP (C-Aβ)

30

10

0

20

10
0-2

00

20
0-3

00

30
0-4

00

40
0-5

00

50
0-6

00

60
0-7

00

70
0-8

00
>8

00

TdTomato/AAV-Cre into the skin

B

**

Int
ran

od
al

Peri
no

da
l

# 
of

 la
be

le
d 

ne
ur

on
s

25

20

15

10

5

0

300μm

300μm

1 mm

1 mm 500μm

120μm



Figure S4

C D Sensory Perception

Trpv1
Galr1
Sstr2
Npy1r
P2rx3
P2rx4
Crcp
Trpc4ap
Trpv2
Mrgpre
Trpa1
P2rx2
Mrgpra3
Mrgprx1
Prokr1
Mrgprd
Mrgprb5
Trpc6
Trpc3
Mrgprb4
Sstr1
Trpc7
Crhr1
Hcrtr2
Trpc1
Ramp3
Mchr1
P2ry14
Pkd2
P2rx6
P2rx5
P2ry1
Kiss1r
Hcrtr1
Trpm8
Prokr2
P2ry2
Npy2r
Trpm4
Celsr2
Trpm2
Trpm3
Celsr3
Trpm7

0 5 10 15

log2(TPM + 1)LN-innervating
skin-innervating

E

Nefm
Nefl
Aqp1
Kcnip4
Scn10a
Scn11a
Kcns3
Tmem38a
Cacnb3
Ndel1
Kcnt1
Cacna2d1
Scn9a
Kcnb2
Kcna6
Kcnc4
Ina
Kcnc2
Kcnh6
Kcnk18
Kcnk13
Kcnip2
Kcnk3
Kcnk2
Cacna1h
Cacna2d2
Cacna1c
Hcn3
Kcnma1
Kcnj12
Kcnh1
Kcnt2
Cacng2
Tmem38b
Cacna2d3
Kcnu1
Kcnmb4
Cacnb2
Kcnq3
Kcnc3
Scn2a1
Kcng2
Kcnj11
Abcc8
Hcn4
Kcnd2
Kcnj4
Scn5a
Kcnh8
Cacna1d
Kcng4
Hcn2
Cacna1a
Scn1a
Kcnh2
Kcnc1
Kcnq5
Hcn1
Scn2b
Nrp1
Kcnk4
Kcnip1
Kcnv1
Kcna2
Cacnb4
Kcna4
Kcnb1
Cacna1b
Nefh
Kcnip3
Kcnd1
Scn1b
Kcna1
Scn4b
Kcnh7
Kcnk1
Kcns1
Kcnd3
Kcnq2
Scn8a

Conductive Channels E

LN
Ptgir

skin
Ptgir

F G

150μm 150μm

LN
Prokr2

skin
Prokr2

H I

150μm 150μm

Nucb2
Vgf
Agrp
Agt
Nts
Nppb
Sst
Pomc
Apln
Nppa
Adm
Cbln2
Edn2
Sct
Nxph3
Cck
Rln1
Ucn
Npff
Cbln4
Cbln1
Igf1
Nxph4
Crh
Npb
Nms
Kiss1
Pthlh
Cbln3
Grp
Avp
Nppc
Ucn2
Kng1
Gnrh1
Retn
Adipoq
Trh
Nmu
Vip
Uts2d
Uts2
Ucn3
Tac2
Rln3
Retnlg
Retnlb
Retnla
Pyy
Prlh
Prl
Ppy
Pmch
Penk
Pdyn
Oxt
Nxph2
Nxph1
Npy
Npw
Npvf
Nps
Lep
Ins1
Iapp
Hcrt
Gip
Ghrl
Ghrh
Gcg
Gast
Galp
Edn3
Edn1
Adm2
Cort
Igf2
Pnoc
Tac1
Cartpt
Gal
Adcyap1
Nampt
Chgb
Ubl5
Calca
Scg2
Nmb
Calcb
Scg3
Dbi
Scg5
Chga

Neuropeptides

Neuron Type 1 
(PEP1-like)

Neuron Type 2
(NP-like)

Neuron Type 3
(mixed PEP2/

NF123)

Neuron Type 4
(mixed PEP2/

NF12345)

lo
g 2(1

 +
 P

ro
kr

2 
TP

M
)

8

0

4

skin LN skin LNskin LNskin LN

* *

lo
g 2(1

 +
 P

tg
ir 

TP
M

)

8

0

4

skin LN skin LNskin LNskin LN

Neuron Type 1 
(PEP1-like)

Neuron Type 2
(NP-like)

Neuron Type 3
(mixed PEP2/

NF123)

Neuron Type 4
(mixed PEP2/

NF12345)

* ***

A B



A
Figure S5

Aire+ APCs

B Cells

BEC

T Cells

cDC1

LEC

Mast Cells

Migratory DCs

Mitotic Cells

Mitotic T Cells

NeutrophilsNK Cells

pDC

Plasmablasts

Non-Endothelial
Stromal (NES)Tissue T Cells

Macrophages and 
Dendritic Cells

Parent Cluster

T Cells

non-Treg T Cells

Regulatory 
T Cells

CD4+ T Cells

CD8+ T Cells

Itg
a4 Ly
st

Kl
rd
1

Cd
8a

Sa
tb1 Ico
s

Cd
4

Il2
ra

Fo
xp
3

Ct
la4

Ly
6c
2

Nk
g7

Kl
rd
1

Cd
8b
1

Cd
8a

Et
s1

Ikz
f2

Ne
b

Ts
pa
n3
2

Cd
4

non-Treg
T Cells

Tregs

CD8 T Cells
CD4 T Cells

Macrophages and 
Dendritic Cells

Macrophages

cDC 2

H2
−E
b1

Cd
20
9d

Cd
20
9a Ki
t

Flt
3 C3

Fc
gr
3

Cs
f1r

Ap
oe

Ly
z2

cDC 2
Macrophages

NK Cells

Mitotic NK
 Cells

NK Cells Xc
l1

Kl
f3

Kl
ra
4

Cc
l5

Sa
mh
d1

Tu
bb
5

Au
rk
b

Cc
na
2

To
p2
a

Mk
i67

NK Cells

Mitotic NK
 Cells

Lymphatic 
Endothelial Cells

LEC 1

LEC 2

Blood
Endothelial Cells

HEC

BEC

Neutrophils
Neutrophils 1

Neutrophils 2

Mk
i67

Lta
4h Ltf Ng
p

Ca
mp Il1
r2 Il1
b

Cx
cr2

Cl
ec
4d

Cs
f3r

Neutrophils 1
Neutrophils 2

B Cells

Plasmablasts

pDC

CD4 T Cells

Tregs

Tissue T Cells

CD8 T Cells

Mitotic T Cells

NK Cells

Mitotic NK Cells

Mitotic Cells

Neutrophils 1

Neutrophils 2

Mast Cells

cDC1

Migratory DCs

Macrophages

cDC2

Aire+ APCs

BEC

HEC

LEC 1

LEC 2

NES

Inm
t

Igf
bp
3

Co
l3a
1

C4
b

Co
l1a
2

Se
rp
ing
1

Cx
cl1
2

Ap
oe

Dc
n

C3F8Kd
r

St
ab
1

Tim
p3

Ly
ve
1

Tn
c

Se
pp
1

Cl
ca
1

St
ab
2

Mm
rn
1

Co
ch

Ly
ve
1

Tim
p3

Se
rp
ina
3n

Po
stn

Ds
g2

Cl
u

Cd
55

Cp
e

Cy
p1
b1

Cl
u

Igf
bp
7

Aq
p1

Pl
va
p

Cd
30
0lg

Ub
d

Lr
g1

En
pp
2

Gl
yc
am
1

Pe
ca
m1

Gl
yc
am
1

Co
l4a
1

Igf
bp
7

Ly
6c
1

Pt
pr
b

Flt
1

En
pp
2

Aq
p1

Cd
34

Pl
va
p

At
p1
b1

Co
l17
a1

Ad
am
11

Ni
d1

Tt
n

Ai
re

Sh
2d
4a

Cd
cp
1

Ga
l

Ry
r3

Il1
b

Cd
20
9e

Cd
20
9d

H2
−A
a

Mg
l2

Cd
74

H2
−E
b1

Gm
2a

Ifi3
0

H2
−A
b1

Ly
z1

C1
qa

Pl
ac
8

C1
qc

C1
qb

Cc
l6

Igs
f6

Pl
a2
g7

Cs
f1r

Ly
z2

Sy
np
o2

Ad
cy
6

Tm
em
12
3

Ep
sti
1

Pf
kfb
3

Cc
r7

Cc
l5

Cc
l22

Ca
cn
b3

Fs
cn
1

Tr
pm
2

Ra
b4
3

Sn
x2
2

54
30
43
5G
22
Ri
k

A5
30
09
9J
19
Ri
k

Pl
bd
1

W
dfy
4

Na
aa

Cs
t3

Pp
t1

Ki
t

Tp
sa
b1

Se
rp
inb
1a

Mr
gp
rb
1

Hd
c

Ga
ta2

Cm
a1

Cp
a3

Tp
sb
2

Mc
pt4

Cx
cl2

Il1
b

Re
tnl
g

W
fdc
17

Mm
p8

S1
00
a8

HpS1
00
a9

Cs
f3r

Cx
cr2

Mp
o

HpCh
i3l
3

An
xa
1

LtfLc
n2

Ca
mp

Ng
p

S1
00
a8

S1
00
a9

Ca
sc
5

Ck
ap
2l

Ki
f15

Ce
np
e

Ce
np
f

Ki
f23

Tu
bb
5

Ki
f11

Mk
i67

To
p2
a

Gz
mc

Gz
ma

Kl
rb
1b

Ce
np
f

Tu
bb
5

Kl
rk
1

Ki
f11

Kl
rb
1c

To
p2
a

Mk
i67

Kl
rb
1b

Kl
ra
4

Eo
me
s

Gz
ma

Ct
sw

Il2
rb

Nk
g7

Kl
rk
1

Il1
8r
ap

Kl
rb
1c

Hi
st1
h1
e

Lg
als
1

Ce
np
f

Rr
m1

Th
y1

Tu
bb
5

Ki
f11

Cc
na
2

To
p2
a

Mk
i67

Dn
ah
8

Cd
8a

Cd
8b
1

Al
s2
cl

Si
dt1

Ms
4a
4b

Itk49
32
43
8A
13
Ri
k

Ut
rn

Dg
ka

Tt
n

Lm
o4

Th
y1

Cc
r6

Em
b

Itg
ae

Ro
ra

Cx
cr6

Il1
8r
1

Il7
r

Tn
frs
f4

Cc
nd
2

Il2
ra

Ico
s

Fo
xp
3

Ikz
f2

Trb
c2

Ct
la4

Cd
3g

Cd
5

Ne
b

Bc
l11
b

Sa
tb1

Ut
rn

Le
f1

Inp
p4
b

La
t

Al
s2
cl

49
32
43
8A
13
Ri
k

Dg
ka

Ly
6d

Ly
6c
2

Rp
gr
ip1

Ob
sc
n

Irf
8

Pl
d4

La
ir1

Cd
30
0c

Cc
r9

Si
gle
ch

Igh
g2
c

Igl
v2

Igh
g2
b

Igh
a

Igl
v1

Igh
g3

Igl
c2

Igh
m

IgjIgk
c

Zf
p3
18

H2
−O

b

Bt
la

Gm
19
98
0

Fa
im
3

Sc
d1

Ba
nk
1

Cd
79
b

Cd
19

Cd
22

−10 10
Scaled DGE

Si
ng

le
 C

el
ls 

(2
5 

pe
r C

el
l T

yp
e)

Marker Genes (10 per Cell Type)

Parent Cluster

tSNE 1

*

*

*

**

tS
NE

 2
B

P

*

0.40-0.4

Scaled Expression % Expressing

0 50 100C
*Sub-Clustered Cell Type

D E

F G

J K

N O

H I

L M
LEC 1
LEC 2

Ma
dc
am
1

Bm
p2

Ms
r1

Vc
am
1

Cd
27
4

Em
cn

Ca
v1

Ac
kr2

Ac
kr4

Fa
bp
4

BEC
HEC

Cx
cl1
2

Se
ma
3g

Ef
nb
2

Flt
1

Po
dx
l

Gl
yc
am
1

Ch
st4 Fu
t7

Cc
l21
a

Da
rc



A
Figure S6

−1.0 −0.5 0.0 0.5 1.0
0

2000

4000

6000

8000

10000

Interaction Potential (Average Scaled)

M
ed

ia
n 

UM
I/C

el
l

B Cells
Plasmablasts

pDC
CD4 T Cells

Tregs

Tissue T Cells

CD8 T Cells

Mitotic T Cells

NK Cells

Mitotic NK CellsMitotic Cells

Neutrophils 1

Neutrophils 2
Mast Cells

cDC1
Migratory DCs

Macrophages

cDC2

Aire+ APCs

BEC

HEC

LEC 1

LEC 2

Non-Endothelial 
Stromal

Pearson’s Correlation: 0.21, p-value = 0.32

Randomized Data
NES

LEC 1
LEC 2

BEC
HEC

Aire+ APCs
Mast Cells

Neutrophils 2
Macrophages
Neutrophils 1

pDC
Tissue T Cells

NK Cells
cDC2

Mitotic NK Cells
Tregs

Migratory DCs
cDC1

Mitotic T Cells
Mitotic Cells

Plasmablasts
CD8 T Cells

B Cells
CD4 T Cells

−0.5 0.0 0.5 1.0
Interaction Potential 

(Scaled Average, 
downsampled to 25 cells/cell type)

Interaction Score 
(Percent Expression)

CD4 T Cells
CD8 T Cells

B Cells
Plasmablasts

NK Cells
cDC2

Migratory DCs
pDC

Tissue T Cells
cDC1

Neutrophils 1
Mitotic T Cells

Mitotic Cells
Tregs

Mitotic NK Cells
Aire+ APCs
Mast Cells

Macrophages
Neutrophils 2

BEC
NES

LEC 2
LEC 1

HEC

0 5 10 15 20 25 30

99% CI
CD8 T Cells
CD4 T Cells

B Cells
Plasmablasts

Mitotic T Cells
Migratory DCs

Tregs
Mitotic Cells

cDC1
Mitotic NK Cells

Tissue T Cells
pDC

NK Cells
cDC2

Aire+ APCs
Mast Cells

Neutrophils 2
Macrophages
Neutrophils 1

HEC
BEC

LEC 1
LEC 2

NES

Interaction Score 
(Average Expression)

0.0 0.2 0.4 0.6 0.8

99% CI

***
***
***

***
***

*
*
*

***
***

***
***

***
***
***
**
**
**
**
**
**
*

B

C D E

F

G H

0 10 20 30 40 50

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

Ranked Interaction Molecules

Sc
al

ed
 A

ve
ra

ge
 E

xp
re

ss
io

n Col1a2
Col1a1

Adcyap1r1
Fbln1 Ntrk2

Pdgfra

Vtn

Col6a1

Col5a2
Thbs2

Col3a1
Col6a2 Lama2

Col5a1

Egfr

Pdgfrb
Cxcl12

Hgf

Notch3

Slit3
C3Lpl

Efemp2
Col14a1

Apoe
Mdk Cxcl1
Fgf1 Lrp1

Fn1 Itgb5
Ptn
Nrp1 Adam12

Penk
Lamb1

Fbn1 Timp2
Plxnb1 Ctgf

Vegfa
Lamc1
Fgfr1

Lamb2

Non-Endothelial
 Stromal (NES)

0 10 20 30 40

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

5.
0

Ranked Interaction Molecules

Sc
al

ed
 A

ve
ra

ge
 E

xp
re

ss
io

n

50

Sema3g

Flt1
Inhbb

Fgfr3

Ptprb
Sema7a

Col4a1

Itga5

Thbd

Sema3f

Efnb1

Prss23

Hspg2

Itga6 Hbegf
Scarb1 Selp

Bmpr2
Adam15
Dhh

Kitl
Notch4

Epha4
Nrp1

Ret
Itga3

Fzd4
Lama5

Efna1Plxnd1
Calcrl

Ramp2
Fgf1 Cxcl1

Fzd5

BEC

tS
NE

 2

tSNE 1

Ce
ll T

yp
e 

A
Ce

ll T
yp

e 
BSc

al
ed

 A
ve

ra
ge

 E
xp

re
ss

io
n

Cell Types

Ne
ur

on
 C

og
na

te
s

In
te

ra
ct

io
n 

Po
te

nt
ia

l

Ce
ll T

yp
e 

A
Ce

ll T
yp

e 
B

Calculate Score for 
Interaction Potential

Summarize Single Cells 
Over Potential Cognates

Potential Interacting 
Molecules on 

LN-Resident Cells
Cell-Cell Molecular

Interaction Database
Potential Interacting 

Molecules on 
LN-Innervating Neurons

LN-Innervating 
Neurons

G
en

es
 E

xp
re

ss
ed

 a
nd

 in
 

In
te

ra
ct

om
e 

Da
ta

ba
se

0 5 10 15

log2(1+TPM)

Ramilowski et al 2018

...

Vgf
Ubl5
Scg5
Scg3
Scg2
Nucb2
Nampt
Dbi
Chgb
Chga

−1 0 1 2

Scaled Average 
Expression

% Expressing

0 25 50 75

0 5 10 15

2log (TPM + 1)

LN-Innervating Neurons: Highly Expressed Neuropeptides

Cartpt

Tac1
Gal
Nmb
Agrp
Adcyap1
Calcb
Calca

wi
th

 k
no

wn
 re

ce
pt

or
wi

th
ou

t k
no

wn
 re

ce
pt

or

LN scRNA-Seq Atlas: Neuropeptide Receptors
Calr

Calcrl
Ramp1

Adcyap1r1
Vipr1
Vipr2
Mc4r
Mc3r
Nmbr
Galr1
Galr2
Tacr1

Mrgprb2

B 
Ce

lls
Pl

as
ma

bla
sts pD
C

CD
4 T

 C
ell

s
Tr

eg
s

Tis
su

e T
 C

ell
s

CD
8 T

 C
ell

s
Mi

tot
ic 

T 
Ce

lls
NK

 C
ell

s
Mi

tot
ic 

NK
 C

ell
s

Mi
tot

ic 
Ce

lls
Ne

ut
ro

ph
ils

 1
Ne

utr
op

hil
s 2

Ma
st 

Ce
lls

cD
C1

Mi
gr

ato
ry 

DC
s

Ma
cro

ph
ag

es
cD

C2
Ai

re
+  A

PC
s

BE
C

HE
C

LE
C 

1
LE

C 
2

NE
S



Figure S7
B

Inguinal
lymph node

473 nm

Control Mice (ChR2-)

473 nm

Experimental Mice (ChR2+)

DEG:
Surgical Prep and 

Light Toxicity 

DEG: 
Neuronal Stimulation + 

Surgical Prep and Light Toxicity

-Light +Light -Light +Light

DEG: 
Neuronal Stimulation

ChR2+Light+ ChR2+Light-

Cells

G
en

es

TdTomato/AAV-FLEX-tdt into Nav1.8Cre
CD31

A

ChR2+
ChR2-

ChR2- ChR2+

-Light
+Light

ns ns4

1

2

3

0

C
el

ls
 p

er
 iL

N

x 106

HEC (65)
BEC (136)
NES (399)

LEC 2 (136)
LEC 1 (72)

Neutrophils 2 (56)
Mast Cells (25)

Neutrophils 1 (117)
Mitotic NK Cells (45)

NK Cells (512)
Migratory DCs (1103)

Aire+ APCs (101)
pDC (655)

Macrophages (320)
Mitotic Cells (310)

cDC2 (966)
cDC1 (1037)

0.6 0.7 0.8 0.9

Pearson Correlation

H
EC

 (4
4)

BE
C

 (1
26

)
N

ES
 (2

98
)

LE
C

 2
 (1

01
)

LE
C

 1
 (9

8)
N

eu
tro

ph
ils

 2
 (1

58
)

M
as

t C
el

ls
 (3

0)
N

eu
tro

ph
ils

 1
 (8

3)
M

ito
tic

 N
K 

C
el

ls
 (3

1)
N

K 
C

el
ls

 (5
02

)
M

ig
ra

to
ry

 D
C

s 
(7

79
)

Ai
re

+ 
AP

C
s 

(1
17

)
pD

C
 (3

82
)

M
ac

ro
ph

ag
es

 (2
83

)
M

ito
tic

 C
el

ls
 (2

49
)

cD
C

2 
(4

97
)

cD
C

1 
(8

21
)

St
ea

dy
 S

ta
te

Light-Stimulated

 Cell Type (# of Cells)
D

-0.5 0.0 0.5 1.0
0

10

20

30
Adjusted p-value < 0.05, Cohen’s Effect Size > 0.8

Aire+ APCs

BEC

HEC

cDC 1

cDC 2

LEC 1

LEC 2

Macrophages
Mast Cells

Migratory
DCs

Mitotic 
Cells

Mitotic 
NK Cells Neutrophils 1

Neutrophils 2

NK 
Cells

pDC

Non-Endothelial 
Stromal (NES)

-0.5 0.0 0.5 1.0
0

100

200

300

Aire+ APCs

BEC

HEC
cDC 1

cDC 2

LEC 1

LEC 2

Macrophages
Mast Cells

Migratory
DCs

Mitotic 
Cells

Mitotic 
NK Cells

Neutrophils 1

Neutrophils 2

NK Cells

pDC

Non-Endothelial 
Stromal (NES)

Adjusted p-value < 0.05, Cohen’s Effect Size > 0.5

-0.5 0.0 0.5 1.0
0

500

1000

1500

2000

2500

D
E 

G
en

es

Aire+ APCs
BEC

HEC

cDC 1

cDC 2

LEC 1

LEC 2

Macrophages

Mast Cells

Migratory
DCs

Mitotic 
Cells

Mitotic 
NK Cells Neutrophils 1

Neutrophils 2

NK Cells

pDC

Non-Endothelial 
Stromal (NES)

Interaction Potential

Adjusted p-value < 0.05, Cohen’s Effect Size > 0.1

G

C

0.0 0.5 1.0
0

10

20

30

40

50

Aire+ APCs

BEC

HEC

cDC 1
cDC 2

LEC 1

LEC 2

Macrophages
Mast Cells

Migratory
DCs

Mitotic Cells
Mitotic 
NK Cells

Neutrophils 1

Neutrophils 2

NK Cells
pDC

Non-Endothelial 
Stromal (NES)

Adjusted p-value < 0.05, Cohen’s Effect Size > 0.2
Downsample # Cells / Cell Type

Interaction Potential

D
E 

G
en

es
D

E 
G

en
es

D
E 

G
en

es

300μm

C
D

4 
T 

C
el

ls
C

D
8 

T 
C

el
ls

M
ig

ra
to

ry
 D

cs
pD

C
Pl

as
m

ab
la

st
s

cD
C

 1
cD

C
 2

M
ito

tic
 T

 C
el

ls
M

ac
ro

ph
ag

es
M

ito
tic

 B
 C

el
ls

Ti
ss

ue
 T

 C
el

ls
B 

ce
lls

Ai
re

 A
PC

s
Tr

eg
s

N
K 

C
el

ls
St

ro
m

al
LE

C
 1

N
eu

tro
ph

ils
LE

C
 2

BE
C

0

100

200

300

400

500

600

700

G
en

es
 D

ow
nr

eg
ul

at
ed

 w
ith

 
Li

gh
t S

tim
ul

at
io

n

cD
C

 1
M

ig
ra

to
ry

 D
cs

M
ito

tic
 B

 C
el

ls
pD

C
Pl

as
m

ab
la

st
s

Ai
re

 A
PC

s
C

D
4 

T 
C

el
ls

C
D

8 
T 

C
el

ls
cD

C
 2

M
ito

tic
 T

 C
el

ls
St

ro
m

al
M

ac
ro

ph
ag

es
Ti

ss
ue

 T
 C

el
ls

B 
ce

lls
Tr

eg
s

LE
C

 1
N

K 
C

el
ls

LE
C

 2
BE

C
N

eu
tro

ph
ils

0

50

100

150

G
en

es
 U

pr
eg

ul
at

ed
 w

ith
 

Li
gh

t S
tim

ul
at

io
n

Aire+ APCs
BEC
HEC

cDC 1
cDC 2
LEC 1
LEC 2

Macrophages
Mast Cells

Migratory DCs
Mitotic Cells

Mitotic NK Cells
Neutrophils 1
Neutrophils 2

NK Cells
pDC
NES

-5.0 -2.5 0.0 2.5 5.0

Fold Change
Light-Stimulated LN vs. Control LN

F

E

ChR2+ ChR2+


