Materials and Methods

Cell culture

MC38 and PC12 cells were purchased from the American Type Culture Collection (ATCC, USA) and cultured in DMEM (L110KJ, Basal Media, China) supplemented with 10% (v/v) fetal calf serum (DCF-201-0500, Dcell, China) and 1% penicillin/streptomycin (S110JV, Basal Media, China) at 37°C in a humidified incubator with 5% CO2. Serum-free solution for cryopreservation of cells (YC0100, Yoche Biotechnology, Shanghai, China) was used in this experiment.
Culture Medium

Passage the primary FRCs/MC38 cells into the 10cm dishes, and replace the complete medium with serum-free medium. After 48h, the culture medium was collected, centrifuged to remove cellular debris, and contained at -20℃.
Real-time qPCR

qPCR reaction was performed using ViiA ™ 7 (Applied Biosystems ™, USA). The reaction was conducted following the construction of 2 × Universal Blue SYBR Green qPCR Master Mix Kit (G3326, servicebio, China). Real-time PCR analyses were performed on a 7500 Real-time PCR system (Applied Biosystems, USA) at the recommended thermal cycling settings: one initial cycle at 95℃ for 10 min followed by 40 cycles of 15 sec at 95℃ and 30 sec at 60℃. Relative mRNA expression was calculated using the 2(-∆∆Ct) method and normalized to 18S mRNA levels. The primers are listed below:
	Primer name
	Species
	5’-3’ Sequence

	HGF-Forward
	Mouse
	ACTTCTGCCGGTCCTGTTG

	HGF-Reverse
	Mouse
	CCCCTGTTCCTGATACACCT

	Col1a1-Forward
	Mouse
	GCTCCTCTTAGGGGCCACT

	Col1a1-Reverse
	Mouse
	ATTGGGGACCCTTAGGCCAT

	α-SMA-Forward
	Mouse
	CCCAGACATCAGGGAGTAATGG

	α-SMA -Reverse
	Mouse
	TCTATCGGATACTTCAGCGTCA

	18S-Forward
	Mouse
	CGGAAAATAGCCTTCGCCATCAC

	18S-Reverse
	Mouse
	ATCACTCGCTCCACCTCATCCT


Enzyme-Linked Immunosorbent Assay (ELISA)
The required ELISA plate (PCDBM0133, PC-biotech, Shanghai, China) was taken out and equilibrated to room temperature. 50 μl standard samples of different concentrations were added into the standard wells in sequence. 50 μl test samples were added into the other wells. After incubation at 37℃ for 90 minutes, each well was filled with 350 μl washing solution and stood for 1 minute. The washing solution was shaked off and dried on absorbent paper. This process was repeated 3 times.
Then 100 μl Biotein labeled detection antibody were added into each well. The reaction holes were covered with a sealing film. After incubation at 37℃ for 60 minutes, the liquid was discarded. Each well was washed with 350 μl washing solution 3 times.
Subsequently, 100 μl horseradish peroxidase (HRP) labeled detection antibody was added into each well of the plate. The reaction holes were covered with a sealing film. After incubation at 37℃ for 30 minutes, the liquid was discarded. Each well was washed with 350 μl washing solution 5 times.
Finally, 50 μl TMB solution was added into each well. After incubation at 37℃ in the dark for 15 minutes, the sealing film were untied and 50μl termination solution was added into each well. The OD value of each well was measured at a wavelength of 450nm. The four-parameter equation was used to fit the reaction curve and the sample concentration value was calculated by the OD.
Animals

Male C57BL/6J mice (6-8 weeks old) were purchased from GemPharmatech Co., Ltd. (Nanjing, Jiangsu, China).  Mice were housed and handled according to protocols approved by the Laboratory Animal Center of Shanghai Jiao Tong University. All animals received humane care according to the criteria outlined in the “Guide for the Care and Use of Laboratory Animals” prepared by the National Academy of Sciences and published by the National Institutes of Health (NIH). All experiments were repeated at least three times.
DBH-P2A-EGFP and CALCA-P2A-BFP mice

The DBH-P2A-EGFP and CALCA-P2A-BFP mice used in this study were designed and constructed by GemPharmatech Co., Ltd. (Nanjing, Jiangsu, China). Mice were housed and handled according to protocols approved by the Laboratory Animal Center of Shanghai Jiao Tong University.
Mouse footpad model

The mouse model of CRC cell lymphatic metastasis was established by injection of MC38 cells (4 × 106 cells in 25μl per mouse) into the left/right footpads of C57BL/6J mice. On days 0, 1, 2, 3, 5, 7 and 10 after tumor cells inoculation, mice in the MC38 cell injection group were sacrificed by spinal dislocation after carbon dioxide anesthesia, and lymph node (LN) tissues were harvested. Some mice developed metastatic tumors in different regional LNs, including the popliteal and inguinal LNs. 

To investigate HGF's function, Norleual TFA or AAV was injected into the popliteal fat pad of mice 6 hours before MC38 cell inoculation, with subsequent injections every 3 days (0 d, 3 d, 6 d). PLNs were collected at 5 and 7 days, cleared using HYBRiD.
Sample pretreatment

C57BL/6J mice were anesthetized with 2% isoflurane. After euthanizing the mice by cervical dislocation, the PLNs of C57BL/6J mice were collected and fixed overnight in 4% formaldehyde at a 4°C ice box. The fixation time should not exceed two days. After fixation, the samples were stored in a 1 × PBS solution containing 0.02% NaN3.

Preparation of tissue-clearing reagents

In a fume hood, N, N, N’, N’-Tetrakis (2-hydroxypropyl) ethylenediamine (122262, Sigma, USA) was diluted to a final concentration of 25% as a decoloring buffer with 10 × PBS (70011044, Thermo Fisher Scientific, USA) and distilled water and stirred with a magnetic stirrer. Store the mixture at room temperature in a dark place. Prepare a gradient of THF (T103264, Aladdin, China) with concentrations of 50%, 70%, 80%, and 95% using the decoloring buffer and THF mix well, and store at 4°C. Prepare 1 × PBST as wash buffer with 0.1% Tween-20 (T8220, Solarbio, China) and 0.02% NaN3. Prepare 1 × PBST as a staining buffer with 0.2% Triton X-100 (T8200, Solarbio, China).
Tissue clearing

Initially, the samples were washed with 1 × PBS 3 times to remove any residual formaldehyde, with each washing session lasting a minimum of 1 hour. The samples were then put in the decolorizing buffer and put on a 37 ℃ shaker for 2 days to decolorize. The decolorizing solution was changed once a day. If the decolorizing solution changes color, the decolorizing time should be extended.

Following the decolorizing phase, the samples underwent an additional three rounds of thorough washing with 1 × PBS, each session lasting one hour. The samples were sequentially put in 50% THF, 70% THF, 80% THF, and 95% THF solution on a 4℃ shaker for at least 30 minutes to perform tissue clearing. The samples were then put into a 100% dichloromethane (270997, Sigma, USA) solution for tissue clearing and shaken for 60 minutes at 4 °C. Change the 100% Dichloromethane solution; this process was repeated once.
The samples were then placed in 95% THF, 80% THF, 70% THF, and 50% THF in order and then put on a 4°C shaker for at least 30 minutes for each gradient to perform tissue clearing. The samples were washed with 1 × PBS three times for one hour each time. Before imaging, the samples were put in the Easy Index (RI=1.52, CAT#: EI-500-1.52, Lifecanvas Technologies, USA) and shaken overnight at 37 °C. The next day, the samples were placed on a shaker at room temperature for refractive index matching.

Sample staining

Prepare a 5% Bovine Serum Albumin (BSA, 4240GR005, Biofroxx, Germany) solution utilizing aseptic 1 × PBS promptly for immediate use. In the context of samples earmarked for staining, defer refractive index matching. Following the tissue-clearing process, subject the samples to overnight incubation in a 5% BSA solution, shaken at 4°C overnight. Subsequently, LN samples were washed with 1 × PBS at room temperature, sustaining for one hour, and repeated three times.

Formulate an antibody solution diluted by 1 × PBST. The antibodies enlisted in the experimental protocol comprise Tyrosine Hydroxylase (TH) (ab112, Abcam, USA), PGP9.5 (PA5-29012, Invitrogen, USA), and NFL (MA5-14981, Invitrogen, USA). Individually immerse each sample in a 200 μL antibody solution, maintaining an incubation temperature of 37°C for a duration of 7 days on a shaker.

After this incubation period, the samples were washed with 1 × PBS at room temperature, followed by an additional 1 × PBS wash at room temperature, repeated 3 times, each for one hour. Conclusively, put the samples in a 200 μl secondary antibody solution and incubate them at 37 °C for 7 days.

Light sheet fluorescence microscopy (LSFM) imaging

Prepare a solution of low-melting agarose (A600015, BBI, China) with a concentration ranging from 1% to 2%, with Easy Index. Proceed to heat this solution in a microwave until the agarose is fully melted, eliminating any bubbles. Subsequently, maintain the molten agarose at a constant temperature by placing it in an oven set at 65℃.

Conduct a meticulous cleaning of glass slides with absolute ethanol. Following this, gently drop the agarose solution onto pristine glass slides, exercising caution to prevent the introduction of any bubbles. Subsequently, the samples were methodically placed on the glass slides using precision forceps.

The LN samples were captured in the final phase using a 9 × objective (voxel size at 0.72μm) on the MegaSPIM light-sheet microscope (LifeCanvas Technologies, USA). Ensure uniform laser intensity across all samples.

Image processing and quantization

Use Imaris 10.1 (Oxford Instruments, UK) to perform 3D reconstruction. Import data into Imaris for processing. Use a surface module for each channel of the sample to segment areas with positive target signals. Use a filament module to connect segments. Export Filament Segment Length (sum) and Filament No. Segment Branch Pts datas from Imaris for quantization.
Immunofluorescence (IF) staining

For cell IF staining, 2 × 103 cells/well were seeded into a 24-well plate firstly. Next, cells were fixed with 4% PFA and blocked with 5% BSA in PBS and incubated with primary antibodies of TH (ab112, Abcam, USA) and beta III Tubulin (GB12139-100, Servicebio, China) and then secondary antibodies. DAPI (C0060, Solarbio, China) was used for Nuclei staining for 10 min at RT.

For tissue IF staining, paraffin sections were dewaxed with gradient ethanol and subjected to antigen retrieval in the citrate-based buffer. Then, the sections were blocked with 5% BSA for 1 h, stained with primary antibody of TH (ab112, Abcam, USA) and NFL (MA5-14981, Invitrogen, USA) at recommended dilutions at 4 °C overnight and secondary antibody at room temperature for 1 h. Finally, DAPI was used to counterstain nuclei for 5 min. Confocal microscopes (Leica, Germany) were used to capture digital images.

Single-nucleus RNA sequencing (snRNA-seq)

SnRNA-seq was performed according to the experimental procedure of Shanghai Bohao Biotechnology Co., Ltd. (Bohao, China). Data was preprocessed and normalized to avoid affecting the results of overall cell classification. After multiple samples were integrated and analyzed, the Louvain algorithm was used to cluster and visualize the normalized data. t-SNE was used to reduce high-dimensional data to 2 or 3 dimensions for single-cell data visualization.

Then single-cell sequencing cell type annotation software SingleR and marker gene were combinated to annotate cell types. SingleR selected scRNA-seq data as the reference library, selected genes with high variations between different cell types in the reference database, and then calculated the correlation between the predicted cells and the reference database. By continuously removing the worst correlated types, the correlation is calculated in a cyclic manner, and preliminary annotations of the predicted cell types are obtained. Then, by consulting previous studies, unique characteristic genes for subtyping each cell subpopulation were identified, and detailed classification of various cells in scRNA-seq results was performed.
The snRNA-seq data from this study have been deposited in the Gene Expression Omnibus (GEO) with the accession code GSE280461.
Primary FRCs isolation
The draining lymph nodes were collected from 10 4-week-old mice and washed twice using 4℃ sterile PBS, and then meticulously minced into approximately 1mm3 fragments with sterilized scissors. These fragments were then digested in 1 ml of 0.2 mg/ml Collagenase P (11213865001, Roche, USA) at 37℃ for 50 minutes. To ensure thorough digestion, the mixture was agitated every 10 minutes. Following initial digestion, a 1ml pipette tip was employed to pipet the digest for 1 minute, allowing larger undigested tissue fragments to settle for an additional minute before harvesting the supernatant.
The supernatant was then diluted at a 1:1 ratio with precooled (4℃) Dulbecco's Modified Eagle Medium / Nutrient Mixture F-12 (DMEM/F-12) (1:1) (L310KJ, BasalMedia, China) containing 10% Fetal Bovine Serum (FBS) and 1% antibiotics (S110JV, BasalMedia, China). This mixture underwent centrifugation at 300g for 5 minutes at 4℃. The supernatant was then discarded, retrieving the cell pellet resuspended in the DMEM / F-12(1:1). The cell suspension was transferred into a 25cm2 culture flask and incubated at 37℃ with 5% CO2. The growth medium was refreshed after 12 hours and every three days post-adhesion and the adherent cells were washed with DMEM / F-12 (1:1) prior to each medium change. Upon filling the cells in the culture flask for 1 week, cells were rinsed with PBS (calcium and magnesium-free) and then detached using 0.05% Trypsin (S320KJ, BasalMedia, China) for 120 seconds. The detached cells were then transferred into a new 25cm2 culture flask and maintained under the same conditions for another 12 hours. This process was repeated for 4 cycles and concluded once the purity of the primary mouse draining lymph nodes reticular fibroblasts exceeded 98%, and then the fibroblasts were harvested.
Statistical analysis

Data are presented as the means ± standard errors of the mean (SEMs). Statistical analyses were performed using GraphPad Prism (version 8.0.1.244 x64, USA) for Windows. One-way ANOVA or two-tailed Student’s t-test was used for comparisons between groups. Values of P < 0.05 were considered statistically significant, and P < 0.01 was considered extremely significant.
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