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Abstract

Cerebrospinal fluid-contacting neurons (CSF-cNs) are a specialized group of multifunctional neurons located around the
central canal of the spinal cord. They play critical roles in motor regulation, postural maintenance, and spinal cord injury
repair. However, the molecular mechanisms underlying the multifunctionality of CSF-cNs remain poorly understood, partly
due to the lack of established in vitro methods for their efficient selection and purification, which significantly hinders
mechanistic investigations. In this study, we describe a standardized method using a PKD2L1 promoter-driven lentiviral
system, which enables effective enrichment and identification of CSF-cNs in vitro through GFP labeling and puromycin
selection. This protocol includes key steps such as construction of the PKD2L1 promoter-driven lentiviral vector, spinal
cord tissue collection and digestion from neonatal mice, lentiviral infection, antibiotic selection, and immunofluorescence-
based identification of CSF-cNs. Our method provides a reliable platform for obtaining high-purity CSF-cNs (>99%), which
facilitates their functional and mechanistic studies for regenerative approaches in vitro.

Key features

e Enables specific labeling and selection of CSF-cNs using a constructed PKD2L1 promoter-driven lentiviral vector.

e Combines GFP-based fluorescence tracing and puromycin selection for efficient dual-mode enrichment of high-purity
CSF-cNs.

e  Provides a simple and reproducible workflow that facilitates in vitro isolation and validation of CSF-cNs for disease
modeling and spinal cord injury repair.
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Background

Cerebrospinal fluid-contacting neurons (CSF-cNs) are a population of multifunctional neurons located around the central
canal of the spinal cord [1]. In addition to regulating motor behavior [2], maintaining posture [3], and contributing to central
nervous system homeostasis [4], recent studies have revealed that CSF-cNs possess neural stem cell potential and may
participate in tissue repair following spinal cord injury [5,6]. Nevertheless, the molecular mechanisms underlying their
multifunctionality remain to be fully elucidated. The lack of standardized and specific in vitro methods for selective
enrichment remains a major obstacle to comprehensive studies on the functional and regulatory features of these neurons.
Polycystic kidney disease 2-like 1 (PKD2L1), a calcium-permeable channel protein, is widely recognized as a specific
molecular marker for CSF-cNs [1,7]. Its promoter has been successfully used in various model organisms to label and trace
CSF-cNs in vivo [8-10]. In vitro, CSF-cNs can be obtained in transgenic mice through PKD2L1 promoter—driven
fluorescent labeling combined with FACS sorting [11,12]. However, FACS-based methods often suffer from low post-
sorting survival rates and limited expansion capacity [13,14], thereby restricting their generalizability and standardization.
Therefore, it remains necessary to establish a standardized in vitro method for the selective enrichment and purification of
CSF-cNs based on PKD2L1 expression.

In this study, we developed a lentiviral system driven by the mouse PKD2L1 promoter for efficient in vitro selection of
CSF-cNs. This system incorporates dual reporter elements—green fluorescent protein (GFP) and puromycin resistance gene
(PuroR)—enabling both fluorescence-based tracing and antibiotic-based selection. By infecting primary spinal cord cells
with the virus, followed by puromycin selection and enrichment of GFP-positive cells, we obtained a high-purity CSF-cNs
population. This system enables the acquisition of highly purified CSF-cNs under controlled conditions, thereby facilitating
targeted interventions and pathway analyses, and providing a reliable platform for functional and mechanistic studies in
vitro.

Materials and reagents

Biological materials

1. Neonatal C57BL/6 mice (postnatal day 1, Laboratory Animal Center, Guizhou Medical University)
2. PKD2L1-GFP-puromycin-luciferase lentivirus (lab-constructed)

3. psPAX2 (Addgene plasmid #12260; full sequence available at https://www.addgene.org/12260/)

4. pMD2.G (Addgene plasmid #12259; full sequence available at https://www.addgene.org/12259/)
5. HEK293T cells (ATCC, catalog number: CRL-11268; passage number 5 was used in this study)

Reagents

. Papain (Sigma-Aldrich, catalog number: P3125); store at -20 °C

. Neurobasal™-A medium (Gibco, catalog number: 10888022); store at 4 °C

. B-27™ supplement (Gibco, catalog number: 17504044); store at -20 °C

. L-Glutamine (Gibco, catalog number: 25030081); store at -20 °C

. Heparin, 0.2% solution (Sigma, catalog number: 07980); store at -20 °C

. Penicillin-streptomycin solution (Gibco, catalog number: 15140122); store at 4 °C

. Phosphate-buffered saline (PBS) (Gibco, catalog number: 10010023); store at room temperature

. Accutase cell detachment solution (Innovative Cell Technologies, catalog number: AT104); store at 4 °C
. Puromycin (Sigma-Aldrich, catalog number: P8833); store at -20 °C

10. Opti-MEM™ reduced serum medium (Gibco, catalog number: 31985070); store at 4 °C

11. Lipofectamine 3000 Transfection Reagent (Thermo Fisher Scientific, catalog number: L3000008; includes P3000
reagent); store at 4 °C
12. Poly-D-lysine (Sigma-Aldrich, catalog number: P7280); store at -20 °C

13. Paraformaldehyde, 4% solution (Sigma-Aldrich, catalog number: 158127); store at 4 °C
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Growth factors

1. Recombinant human EGF (PeproTech, catalog number: AF-100-15); store at -20 °C, working concentration 20 ng/mL

2. Recombinant human bFGF (PeproTech, catalog number: AF-100-18B); store at -20 °C, working concentration 20 ng/mL
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Immunostaining reagents

1. Primary antibody against PKD2L1 (Millipore, catalog number: AB9084); dilution 1:700, store at -20 °C

2. Anti-GFP primary antibody (mouse monoclonal) (Proteintech, catalog number: 66002-1-Ig); dilution 1:500, store at -
20°C

3. Goat anti-mouse IgG (H+L), Alexa Fluor™ 488 secondary antibody (Thermo Fisher, catalog number: A11001); dilution
1:500, protect from light, store at -20 °C

4. Goat anti-rabbit IgG (H+L), Alexa Fluor™ 594 secondary antibody (Thermo Fisher, catalog number: A11012); dilution
1:500, protect from light, store at -20 °C

5. DAPI staining solution (Solarbio, catalog number: C0065); store at -20 °C

6. Normal donkey serum (Yeasen Biotechnology, catalog number: 36136ES60), used at 5% in PBS for blocking, store at -
20 °C, aliquoted

Solutions

. Dissection medium (see Recipes)

. Poly-D-lysine (PDL) Solution (see Recipes)

. PBST washing buffer (see Recipes)

. Nuclear antibody blocking buffer (for IF) (see Recipes)

. Membrane antibody blocking buffer (for IF) (see Recipes)
. DAPI staining solution (see Recipes)

. Serum-free NSC medium (see Recipes)
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Recipes

1. Dissection medium

a. Prepare by mixing DMEM high glucose with 1% L-Glutamine MAX and 5% penicillin-streptomycin.
b. Store at 4 °C for up to one month.

This solution is used for spinal cord tissue dissection and preservation prior to enzymatic digestion.

2. PDL solution

a. Dissolve 10 mg of poly-D-lysine powder in 10 mL of enzyme-free sterile water to obtain a 1 mg/mL stock solution.

b. Filter sterilize through a 0.22 um membrane and aliquot.

c. Store at -20 °C for up to 6 months.

d. For use, dilute the stock solution tenfold to prepare a 0.1 mg/mL working solution. This working solution is used to coat
culture plates and can be reused up to three times if stored properly at 4 °C for no longer than one week.

3. PBST washing buffer

a. Prepare 0.1% PBST by diluting Triton X-100 in PBS.

b. Store at 4 °C for up to one month.

This buffer is used for washing steps during immunofluorescence staining.

4. Nuclear antibody blocking buffer (for IF)

a. Prepare the blocking solution by mixing PBS with 0.5% Triton X-100, 5% BSA, and 22.5 mg/mL glycine.
b. Store at -20 °C for up to 6 months.

This is used to block nonspecific binding during nuclear-targeted immunofluorescence staining.

5. Membrane antibody blocking buffer (for IF)

a. Prepare the blocking solution using PBS supplemented with 0.3% Triton X-100, 5% BSA, and 22.5 mg/mL glycine.
b. Store at -20 °C for up to 6 months.

This is used for blocking in membrane-targeted immunofluorescence staining.

6. DAPI staining solution
a. Prepare DAPI solution by dissolving DAPI powder in PBS to a final concentration of 1 pg/mL.
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b. Store at -20 °C for up to 6 months protected from light.
This solution is used for nuclear counterstaining by incubating cells for 5 min at room temperature in the dark.

7. Serum-free NSC medium

a. Mix the following components: Neurobasal-A medium, B27 supplement 2%, L-Glutamine 2 mM, penicillin-streptomycin
solution 1%, recombinant human EGF 20 ng/mL, recombinant human bFGF 20 ng/mL, and heparin 0.2% solution.

b. The complete medium can be stored at 4 °C for up to 2 weeks, but freshly prepared medium is recommended to preserve
growth factor activity.

Laboratory supplies
1. Ultra-low attachment 6-well plates (Corning, catalog number: 3471); used for suspension culture of CSF-cNs

2. Standard 24-well culture plates (Corning, catalog number: 3526); used for functional assays
3. Standard 96-well culture plates (Corning, catalog number: 3596); used for functional assays

Equipment

1. Class II A2 biosafety cabinet (ESCO)

2. COz incubator (Thermo Fisher Scientific, model: Heracell VIOS 160i)
3. Inverted fluorescence microscope (Olympus, model: IX73)

4. Confocal laser scanning microscope (Leica, model: SP8)

5. Benchtop centrifuge (Eppendorf, model: 5810R)

6. Optima™ ultracentrifuge (Beckman Coulter, model: L-100K)

7. SW28 rotor (Beckman Coulter)

Software and datasets

1. UCSC Genome Browser (https://genome.ucsc.edu)

2. Ensembl Genome Browser (https://www.ensembl.org)

3. NCBI Database (https://www.ncbi.nlm.nih.gov)

4. BLAST (Basic Local Alignment Search Tool) (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
5. ImageJ, NIH (https://imagej.nih.gov/ij/)

6. GraphPad Prism 10 (https://www.graphpad.com)

Procedure

The workflow comprises five main key modules: construction of a PKD2L 1-promoter lentiviral vector, spinal cord tissue
dissociation, lentiviral infection, antibiotic enrichment, and CSF-cNs identification (Figure 1).

C57BL/6 Digestion PKD2L1 promoter-driven PKD2L1-GFP Puromycin Selection
Mice lentiviral vector Lentiviral Infection

""" @R i g g B
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Figure 1. Workflow for in vitro selection of high-purity cerebrospinal fluid-contacting neurons (CSF-cNs) using
PKD2L1 promoter-driven lentiviral vector. A stepwise schematic showing spinal cord tissue dissection, enzymatic
digestion, PKD2L1-GFP lentiviral infection, and puromycin-based selection for reproducible enrichment of high-purity
GFP* CSF-cNs (purity >99%).
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A. Construction of the PKD2L1-promoter lentiviral vecto

1. Retrieve the genomic locus of mouse PKD2L1 (RefSeq: NM_181422) from UCSC, Ensembl, and NCBI databases.

2. Define the promoter region as a 1,026-bp fragment spanning —862 to +164 relative to Exon 1 (TSS = 0) and confirm its
specificity in silico using NCBI BLAST/Primer-BLAST.

3. The 1,026-bp PKD2L1 promoter sequence from mouse is listed below:
AAGAGCTCTCGGACTCAGTTTATGCTGAAGCTTACAGTTCTAGTGCTAAGTCACGTCCCAGGAAAAGATTGA
CCAGATCATCTGGTACAGACAGATGTCACCTCACCCTTGCCCTAGGCCCCGAGTTATGCCTTCCCTACCCAG
CCCCACATGCTCAAGAGGTCCATCTCTAAGGGTGTGTGTCACCATTAAGCCATGAAGCCAAACGTCAGGGA
AAGAAAGCCAGCCTGGAACTCTGCATTCCTTTTCTTGTCACCAGCAGAGACCCTATCTCTTAAGATCTGACA
GCCTGATTGCCTTCACCTGTGTCTTTCACTGACCTCTAAGGGAAGGGCACACTGGGAGCCTCCTTCTCCAGTC
ACCAGGGGACAGCTGAAGGAGGCACACTGAAGGGCCTGGGAGACTACTGATAGAGCTGTCAAGGAACACA
TCCCTGGGCTTGGTCCTCACCCTAATCCATGGTAGTCCCTTTAAGCCTTTTTTTTTTTTAAGTGGTATCAGCTC
ACACCCACCACAGAGCTCTGCAACCCTTTCTTCTCCTAGCTTCTCTACTGCTCCCTCCCTCCTCCCCCGTTGTC
CCTGCCCTTTGACCAACTCAACAGTTGGAGATTTGAACATCCTACTCCGGGTTCTATCTGGCCCTAGCACACC
CCCCTGCTCCCCTCCCCCATCCTTCTAGTCTGTCTGCATAACATCCTCACACCCCTTTCTTTTCTCAATTCCAG
TTCCCCTTATAGTTCCATTCCTTTTGTGTCAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA
GAAAAGAGAGAGAGAGAGCTCATTGAAGGATTGATGACCATCTGCATCCTTCCTGCTCCCTCTCCTATGTGA
GCTCAGCTCCCCCACCCAGACAGGAGGCCGAGGTTGAAAGGATCAGCTGCTCTTAGACAATACTGCCTGGG
CTCTCTGCTACCAGTGTCAGTCTGGGTCTTTGTCCCTGTGTCTCCTGTGAGAGTGGGCACCTGTGGTGGCAGG
TTTCTACCTCCTGT

4. Insert the promoter upstream of a dual-reporter cassette—firefly luciferase (Fluc) followed by EGFP—in a lentiviral
backbone (Figure 2).

A
mPKD2L1 Promoter E=xon !
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B
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Figure 2. Schematic and structural diagrams of the PKD2L1 promoter-driven lentiviral vector. (A) Schematic
representation of the Pkd211 promoter construct. The cloned fragment spans from the upstream promoter region (—862 bp)
to +164 bp within the non-coding portion of Exon 1 (1,026 bp in total), encompassing the core promoter and proximal
regulatory elements. The fragment does not contain any coding sequence (CDS). (B) Structural diagram of the PKD2L1
promoter lentiviral vector showing key elements including PuroR, GFP, and Fluc.
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Note: A Fluc sequence is retained in the vector but is not used in this protocol; no in vivo imaging or luciferase assays are
performed.

5. Verify the recombinant plasmid by Sanger sequencing to ensure that the promoter insert fragment and cloning junction
sites are 100% identical to the reference sequence, with no mismatches allowed.

B. Lentivirus preparation

1. Co-transfect HEK293T cells using Lipofectamine 3000 with a three-plasmid system.

2. Prepare the transfection mix as follows:

a. Use 8 ng of total DNA in the following ratio: 4 pg of expression plasmid (PKD2L1 pro-GFP—PuroR), 3 pg of packaging
plasmid (psPAX2), and 1 pg of envelope plasmid (pMD2.G).

b. Dilute the DNA with 16 pL of P3000 in 250 pL of Opti-MEM.

c. Dilute 12 pL of Lipofectamine 3000 in 250 pL of Opti-MEM.

d. Combine the DNA and Lipofectamine mixtures, incubate for 15 min at room temperature, and add dropwise to the cells.

3. Replace the medium 6 h post-transfection.

4. Collect the supernatant 48—72 h post-transfection, filter through a 0.45 pm membrane, and concentrate by
ultracentrifugation:

a. Centrifuge at 100,000% g for 2 h at 4 °C using an SW28 rotor.

b. Discard the supernatant and resuspend the viral pellet in PBS.

c. Functionally titer the concentrated virus on HEK293T cells using 10-fold serial dilutions, followed by puromycin selection.
Ensure the final titer is >1 x 10® TU/mL.

C. Quality control and titration of lentivirus

1. Verify the physical appearance of the viral solution: it should be a clear, light-pink solution with no viscosity.

2. Confirm sterility: infect HEK293T cells for 24 h. The culture should remain clear without microbial contamination.
3. Determine the functional titer using the puromycin-selection method:

a. Seed 4 x 10* HEK293T cells per well in a 96-well plate (100 uL).

b. Prepare 7—-10 tenfold serial dilutions of the virus (see General notes for details) and add 90 uL per well.

c. After 72 h, add 5 pg/mL puromycin and incubate for 24 h.

d. Count surviving cells and calculate the titer.

D. Spinal cord tissue collection

1. Use neonatal (postnatal day 1) C57BL/6 mice.

2. Perform hypothermic anesthesia on ice, sterilize with 75% ethanol, and decapitate.

3. Dissect the spinal cord on ice [15,16] and transfer to dissection medium (DMEM-HG supplemented with 1% L-Glutamine
MAX and 5% penicillin-streptomycin).

4. Mince the tissue into ~0.5 mm? fragments.

E. Enzymatic dissociation and cell resuspension
1. Digest with papain at 37 °C for 30 min.

2. Centrifuge at 200x g for 5 min and discard the supernatant.
3. Resuspend the pellet in serum-free NSC medium (see Recipes).
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F. Cell culture and lentiviral infection

1. Seed the dissociated spinal cord cells into ultra-low attachment 6-well plates and maintain them in culture under
suspension conditions.

2. Plate the cells onto 24-well plates pre-coated with 0.1 mg/mL poly-D-lysine, which promotes cell adhesion.

3. Infect with lentivirus at a multiplicity of infection (MOI) of 20 (see General notes for details) for 12-24 h.

4. Replace with fresh medium; after 3 days, add puromycin (1-2 pg/mL) and select for 48—72 h to obtain GFP-positive cells
(Figure 3A).
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Figure 3. Purification and identification of cerebrospinal fluid-contacting neurons (CSF-cNs) using PKD2L1
promoter-driven lentiviral vector enriched by (GFP* + puromycin resistance) dual-mode selection strategy. (A)
Representative images showing sparse GFP* CSF-cNs following lentiviral infection without puromycin selection. Left:
merged GFP and brightfield (BF) image; top right: BF image; bottom right: GFP fluorescence. Scale bar: 100 um. (B)
Representative images showing enriched GFP* CSF-cNs after puromycin selection. Left: merged GFP and BF image; top
right: BF image; bottom right: GFP fluorescence. Scale bar: 100 pm. (C) Quantification of GFP* cell percentage before
(unscreened) and after puromycin selection (puromycin-selected), demonstrating a significant increase in purity from 5.7%
to 98.6% (n = 3, mean + SEM). Statistical analysis was performed using an unpaired two-tailed Student’s t-test. ****P <
0.0001. (D-1) Representative immunofluorescence images of puromycin-selected CSF-cNs showing co-expression of
PKD2L1 (red) and GFP (green), with DAPI-stained nuclei (blue). Right panels display individual fluorescence channels.
Scale bar: 20 pm. (D-2) Quantification shows that PKD2L1* cells account for more than 99% of GFP* CSF-cNs (n = 3).
Data are presented as mean + SEM. Statistical analysis was performed using an unpaired two-tailed Student’s t-test. ****p
<0.0001.
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G. Identification of CSF-cNs

1. After puromycin selection (1-2 pg/mL for 4872 h), monitor GFP expression under a fluorescence microscope. A marked
increase in GFP" cells indicates successful enrichment (Figure 3B).

2. Perform immunofluorescence staining using an anti-PKD2L1 antibody to confirm CSF-cNs identity.

a. Fix cells with 4% paraformaldehyde for 15 min at room temperature.

b. Block with 5% donkey serum in PBS for 30 min.

c. Incubate with primary antibodies against PKD2L1 (1:300) and GFP (1:500) overnight at 4 °C. Because fixation attenuates
endogenous GFP signals after viral transduction, an anti-GFP antibody is included for signal amplification.

d. Wash the cells and incubate with secondary antibodies for 1 h at room temperature, including Alexa Fluor 594—conjugated
secondary antibody for PKD2L1 detection and Alexa Fluor 488—conjugated secondary antibody for GFP detection.

e. Counterstain nuclei with DAPI (1 pg/mL) for 5 min.

f. Visualize under a fluorescence microscope. Colocalization of PKD2L1 (red) and GFP (green) confirms the identity of
CSF-cNs (Figure 3C).

g. Quantify the percentage of PKD2L1" cells among GFP* cells to evaluate labeling specificity (Figure 3D).

Validation of protocol

This protocol has been successfully and reproducibly applied to spinal cord tissue samples from five independent neonatal
mice, consistently yielding GFP* PKD2L1* CSF-cNs. Across three independent experiments, both infection efficiency and
selection purity were consistently high. Following puromycin selection, the proportion of GFP* cells increased from an
average of 5.8% to over 98% (Figure 3C), and more than 99% of the GFP* cells co-expressed PKD2L1 (Figure 3D),
indicating efficient and specific enrichment of CSF-cNs. This method was also applied in our previously published study
investigating CSF-cNs transplantation for spinal cord injury repair, demonstrating strong reproducibility and broad
applicability [5].

Data analysis

Quantification of immunofluorescence images was performed using ImageJ (NIH). For each group, three randomly selected
fields were analyzed to determine the percentage of GFP*/PKD2L1* double-positive cells among the total GFP* population.
Samples were collected from five independent neonatal mice as biological replicates, with at least three fields per mouse
serving as technical replicates. Data are presented as mean =+ standard error of the mean (SEM). Graphs were generated
using GraphPad Prism 10. Statistical analyses were performed using an unpaired two-tailed Student’s t-test, and P < 0.05
was considered statistically significant. The results showed that the purity of selected cells consistently exceeded 98%, with
minimal intergroup variability, indicating strong reproducibility and consistency of the protocol.

General notes and troubleshooting

General notes

1. Promoter fragment selection: We selected the -862/+164 fragment (1,026 bp in total) as the PKD2L1 promoter, following
the common strategy of including approximately 1 kb of upstream promoter sequence and a short overlap with the non-
coding portion of Exon 1 to cover the core promoter and proximal regulatory elements. Its specificity was further verified
by BLAST against the mouse genome.

2. Serial dilutions for viral titration: To prepare 7-10 tenfold serial dilutions, transfer 100 pL of viral stock into 900 pL of
Opti-MEM medium in a 1.5 mL EP tube to obtain the 10! dilution. Mix thoroughly, then take 100 uL from this tube and
add it to a new tube containing 900 pL of Opti-MEM to obtain the 10~ dilution. Repeat sequentially until the desired dilution
(up to 10'®) is reached.

3. Viral titer calculation: When performing viral titration, the following example can be used for clarity: If three viable cells
are observed in the 107 uL dilution, titer = 3/10°> pLL = 3 x 10° TU/pL = 3 x 10® TU/mL. This illustrates how to estimate
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the functional viral titer from serial dilution results.

4. Optimization and validation of MOI = 20: In pilot experiments, CSF-cNs were seeded at a density of 6,000 cells per well
in 96-well plates and infected with lentivirus at MOI values ranging from 0 to 200. The results showed that MOI = 20
consistently achieved >90% GFP* cells with good viability, whereas higher MOI values markedly reduced survival.
Therefore, MOI = 20 was established as the standard infection condition in this study. To ensure reproducibility, viral titers
were determined by a puromycin resistance-based assay (=1 x 10® TU/mL), and the required viral volume was calculated
using the formula MOI = (TU x volume)/cell number to guarantee that the infection condition was maintained at MOI = 20.
5. Lentiviral titer and infection time: A lentiviral titer of >1 x 108 TU/mL is recommended. To ensure sufficient expression
of GFP driven by the PKD2L 1 promoter, an extended infection duration of up to 48 h may be required.

6. Puromycin concentration optimization: The optimal puromycin concentration may vary depending on cell density and
viral infection efficiency. It is recommended to perform a pilot titration test. A working range of 1-2 pg/mL is generally
effective while minimizing cytotoxicity.

7. Luciferase element: The luciferase (Luc) sequence was retained in the lentiviral construct for potential future applications
(e.g., in vivo bioluminescence imaging and dynamic cell monitoring after transplantation). However, Luc was not used in
the present protocol, and its presence does not affect the functions of GFP and puromycin in CSF-cNs enrichment and
identification.

8. Spinal cord collection: In this protocol, the entire spinal cord was collected without precise distinction of the cervical—
thoracic or cervical-medullary junctions, as this does not affect the isolation of CSF-cNs.

9. Control considerations: This study did not include a systematic analysis of the proportion of PKD2L1* cells within GFP-
positive and GFP-negative populations prior to puromycin selection. Such data would serve as important negative controls,
and future studies should incorporate this analysis to further strengthen protocol validation.

10. Promoter fragment features: The cloned PKD2L1 promoter fragment (-862/+164 bp) extends 164 bp into Exon 1 but
does not contain any coding sequence (CDS); thus, it will not produce an Exon1::GFP fusion protein. Nevertheless, to further
ensure labeling specificity, future studies should include validation using additional established CSF-cNs markers (such as
GATA3 or GABA).

Troubleshooting

Problem Possible cause(s) Solution(s)
Low or no GFP expression in CSF- Lentiviral titer is too low, or Increase viral concentration and/or
cNs. infection duration is insufficient. extend infection duration up to 48 h.

. . . . . Perform a puromycin kill curve in
High cell death during puromycin Puromycin concentration is too P Y .

. . advance; reduce concentration to

selection of CSF-cNs. high.

within 1-2 pg/mL.

Low correlation between GFP GFP sienal mav not directlv reflect Validate sorted GFP* cells by
expression and PKD2L1 £ o v

. L PKD2L1 protei ion.
immunostaining in CSF-cN. PTOICIT eXpTEssIon

immunostaining with anti-PKD2L1
antibody.

Note: “Puromycin kill curve” refers to a preliminary experiment used to determine the minimum concentration of puromycin
required to completely eliminate untransfected control cells within 3-5 days. This concentration is then applied in
subsequent selection experiments.
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