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Abstract

Over the past decade, the use of human stem cell-derived p cells (SC-p cells) to model pancreatic
B cell development, function and disease has become increasingly common. Though protocols

are rapidly improving, current directed differentiation strategies do not yield a pure population of
insulin-positive SC-p cells /n vitro. Therefore, it is experimentally advantageous to have reporter
lines that allow for live sorting of insulin-positive populations. To aid in these studies, we have
knocked mNeonGreen fluorescent protein into the endogenous insulin locus of the commonly used
H1 (WAO01) human embryonic stem cell line.
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1. Resource utility

This reporter line expresses the fluorescent protein mNeonGreen under the control of the
endogenous insulin promoter and allows for live visualization and isolation of human stem
cell-derived B cells expressing insulin, aiding in the study of B cell development, function
and disease modeling.

2. Resource details

As protocols for the directed differentiation of human embryonic stem cells (hESC) into
pancreatic p cells do not result in a homogenous population, reporter lines have been
generated to allow for the isolation of insulin-positive stem cell-derived g cells (SC-p
cells). One widely used line is the Mell InsSFPW (Mel1 INS-GFP) hESC reporter line,
published in 2012 (Micallef et al., 2012), in which GFP expression is driven by one of

the endogenous insulin loci (/AS). The H1 (WAO1) line is another commonly used hESC
line that generates a high percentage of insulin-positive cells (Cardenas-Diaz et al., 2019).
Using CRISPR/Cas9, we have inserted mNeonGreen, a monomeric fluorescent protein
with similar excitation/emission spectra to GFP but with significantly increased brightness
and stability (Shaner et al., 2013; Tanida-Miyake et al., 2018), into one allele of the
endogenous /NS locus. The targeting strategy employed and resulting reporter knock-in are
illustrated in Fig. 1A. To aid with knock-in efficiency and protein processing, we designed
mNeonGreen cDNA to follow preproinsulin cDNA through the middle of the C peptide
sequence (PPIMNG) as previously done using GFP and mouse proinsulin (Watkins et al.,
2002). This could potentially allow for targeting of mNeonGreen protein to the insulin
secretory vesicles but minimize the likelihood of a misfolded insulin-mNeonGreen fusion
protein that could induce endoplasmic reticulum stress. The targeting vector contained

the partial preproinulin cDNA-mNeonGreen construct and an antibiotic neomycin cassette
driven by the PGK promoter and flanked by loxP sites. Left and right arms of homology
(LAOH and RAOH) to the endogenous /A/S locus facilitated integration of the construct
by CRISPR-Cas9 gene editing. PCR screening was used to detect the integration of the
targeting vector into the /A/Slocus on both sides of the construct and targeted clones were
screened for the presence of the WT allele to verify they were heterozygous (Fig. 1B).
Sequencing was performed on all PCR products to ensure no indels were present. The final
isolated clone line was then characterized as below (Table 1, Table 2).

The H1 INS-PPIMNG line exhibited normal hESC morphology (Fig. 1C). Expression

of pluripotency markers by immunofluorescence and gene expression was normal
(Supplementary Figure 1A and C). Flow cytometry showed normal expression of stem

cell markers (Supplementary Figure 1B). Karyotype of the line was normal (Supplementary
Figure 1D) and DNA fingerprinting by STR analysis confirmed the identity of PPIMNG-
targeted line to the unmodified H1 (WAO01) line (data available with authors). The line

was successfully differentiated into all 3 germ cells layers (Fig. 1D, E and Supplementary
Figure 1E). PCR screening confirmed there was no integration of the reprograming plasmids
(Supplementary Figure 1F). The archived cell stock tested negative for Mycoplasma
contamination by PCR (Supplementary Figure 1G). The H1 INS-PPIMNG line was
differentiated in SC-p cells using aggregate culture protocols as previously described

Stem Cell Res. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leavens et al.

Page 3

(Cardenas-Diaz et al., 2019), and the cells differentiate with similar yields and results as the
parental H1 line. mNeonGreen is first visible by light and confocal microscopy around day
17, reaching maximal brightness around day 30 (Fig. 1F and G). Flow cytometry showed
good correlation of cells expressing C peptide and mNeonGreen (Fig. 1E), demonstrating
that this reporter line will allow for live cell sorting of insulin-positive SC-B cells.

3. Materials and methods

3.1. Generation of targeted H1 INS-PPIMNG hESC line

Cells were plated on DR4-MEFs 24 h pre-transfection. Quantities used for transfection:
Cas9-GFP 0.1 pg, gRNA 0.1 g, targeting vector 1.8 pg, and 3 pl Lipofectamine™ Stem
Transfection Reagent (Maguire et al., 2019). Neomycin selection (40 pg/ml) was done day
2-12 post-transfection. Colonies were then picked and expanded for screening. DNA was
isolated using Purelink Genomic DNA extraction kit (ThermoFisher) and targeted clones
were identified using PCR screening. PCR products were sequenced by Genewiz (Azenta
Life Sciences) and analysed using SnapGene software.

3.2. hESC culture, pluripotency evaluation and differentiation

hESCs were maintained on irradiated MEFs, grown in 37 °C with 5 % CO, and

5 % O, using media of DMEM/F12 (Corning) supplemented with 20 % knock-out
serum replacement (ThermoFisher), 100 uM nonessential amino acids, 2 mM glutamine,
mercaptoethanol, and 10 ng/mL bFGF (R&D Systems). Cells were split every 3—4 days once
reaching 80-90 % confluence at a ratio of 1:12 using TrypLE dissociation reagent (Gibco)
and replated with 10 UM Rock-inhibitor Y27632 dihydrochloride (Tocris). Pluripotency
evaluation and germ layer differentiations were performed on passage 12-15 cells after
gene editing. Differentiation of hESCs into pancreatic p cells was performed as described
previously (Cardenas-Diaz et al., 2019). Mesoderm and ectoderm differentiations were
performed using standard in-lab protocols (details available with authors); expression of
HAND1 and CD31 at day 4 for mesoderm and SOX1 and FOXG1 at day 7 for ectoderm
were analysed by FACS.

3.3. Extracellular and intracellular staining by flow cytometry

Trypsin-dissociated cells were analysed using a CytoFLEX flow cytometer (Beckman
Coulter) and FlowJo software program. Expression of extracellular proteins was evaluated
in live cells using antibodies diluted in FACS buffer (Wilken et al., 2023). Expression of
intracellular proteins was evaluated following fixation in 1.6 % paraformaldehyde using
antibodies diluted in saponin for permeabilization (BioLegend PermWash). Cells were
incubated with antibodies at 37 °C for 30 min.

3.4. RealTime gPCR

RNA was isolated using the PureLink RNA Mini Kit (ThermoFisher) and qRT-PCR was
performed as previously described (Maguire, 2019). Expression of pluripotency genes in H1
INS-PPIMNG cells at passage 12-15 post-gene editing was compared to parental H1 hESC
line and to H1 SC-B cells.

Stem Cell Res. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Leavens et al.

Page 4

3.5. Imaging

Immunofluorescence for pluripotency markers was performed in hESCs as previously
described (Maguire, 2019) and imaged using an EVOS cell imaging system (ThermoFisher).
Aggregates from pancreas differentiation at day 23 were fixed in 4 % paraformaldehyde,
washed in PBS+0.2 % Triton X-100, stained with DAPI, washed, and mounted in SlowFade
Gold antifade reagent (Invitrogen). Images were taken using a Leica TCS SP8 with 40 x NA
1.3 oil objective, 115 um confocal pinhole, and HyVolution super-resolution. Samples were
sequentially excited for DAPI and mNeonGreen using standard filters (Chroma) with 1 uM
Z-step size.

3.6. Karyotyping, STR analysis, and CNV analysis

Chromosomal G-band analysis and STR analysis were performed by Cell Line Genetics,
Inc. (Madison, WI) at passage 14 and 16 post-gene editing, respectively. For karyotyping,
20 metaphases were counted, and 7 were analysed with fair resolution. Copy number
variation analysis was performed at the Children’s Hospital of Philadelphia Center for
Applied Genomics.

3.7. Mycoplasma testing

Mycoplasma testing was performed by PCR as previously described (Wilken et al., 2023;
Maguire, 2019).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Resource Table

Unique stem cell line identifier

WAe001-A-2I

Alternative name(s) of stem cell line

Institution

Contact information of the reported cell line distributor
Type of cell line

Origin

Additional origin info (applicable for human ESC or iPSC)

Cell Source
Method of reprogramming
Clonality

Evidence of the reprogramming transgene loss (including
genomic copy if applicable)

The cell culture system used

Type of the Genetic Modification

Associated disease

Gene/locus modified in the reported transgenic line

Method of modification / user-customisable nucleases (UCN)
used, the resource used for design optimisation

User-customisable nuclease (UCN) delivery method

All double-stranded DNA genetic material molecules
introduced into the cells

Evidence of the absence of random integration of any
plasmids or DS DNA introduced into the cells.

Analysis of the nuclease-targeted allele status
Homozygous allele status validation

Method of the off-target nuclease activity prediction and
surveillance

Descriptive name of the transgene

Eukaryotic selective agent resistance cassettes (including
inducible, gene/cell type-specific)

Inducible/constitutive expression system details
Date archived/stock creation date
Cell line repository/bank

Ethical/lGMO work approvals

Addgene/public access repository recombinant DNA sources
disclaimers (if applicable)

CHOPe004-A-21 H1 INS-PPIMNG

The Children’s Hospital of Philadelphia, Philadelphia, PA USA
Karla F. Leavens, leavensk@chop.edu

ESC

Human

Age: N/A Sex: M
Ethnicity if known: N/A

WAO1 (H1)
N/A
Clonal

N/A

MEFs

Reporter knock-in
N/A

Insulin (INS), 11p15.5

CRISPR/Cas9
https://crispor.gi.ucsc.edu/

Plasmid transfection using Lipofectamine™ Stem Transfection Reagent

Cas9-GFP plasmid, targeting vector plasmid, gRNA plasmid
PCR from genomic DNA for plasmid backbone

PCR/sequencing of the targeted allele and the untargeted wildtype allele
N/A, heterozygous reporter knock-in line

Targeted PCR/sequencing

Preproinsulin (partial cDNA)-mNeonGreen fusion

Neomycin

N/A
2023
https://hpscreg.eu/cell-line/WAe001-A-21

The parental cell line H1 (WAO1) is on the NIH Human Embyronic
Stem Cell Registry with NIH approval number NIHhESC-10-0043. All
research involving hPSC is approved by The Children’s Hospital of
Philadelphia IRB (approval 09-007042)

pCas9-GFP (Addgene #44719): pCas9_GFP was a gift from Kiran
Musunuru (Addgene plasmid # 44719; https://n2t.net/addgene:44719;
RRID: Addgene_44719) gRNA Cloning Vector (Addgene #41824):
gRNA_Cloning Vector was a gift from George Church (Addgene plasmid
# 41824; https://n2t.net/addgene:41824; RRID:Addgene_41824)
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