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Fig. 5. Lineage tracing to confirm the induction of ciCECs from fibroblasts. (A) Schematic diagram illustrating the genetic lineage-tracing strategy. MEFs were ob-
tained by sorting for p75~/tdTomato™ cells from MEFs derived from E13.5 mouse embryos of the Fsp1 -Cre/ROSA264Tomato background. (B) FACS result showing the p757/
tdTomato" cells from MEFs with a genetic background of Fsp1-Cre/ROSA26 *7™ () Immunostaining analysis showing negative results for Sox10, P75, HNK1, AP2a,
Sox2, and Pax6 in the p75~/tdTomato™ cells. Scale bar, 100 um. (D) p75 /tdTomato* cell differentiation toward ciNCCs and ciCECs. Scale bars, 400 um. (E) Immunostaining
analysis showing positive results for ZO-1, laminin, Na*/K*-ATPase, and AQP1 in the Fsp1-tdTomato-MEF-derived ciCECs. Scale bar, 50 um.

There was a rapid decrease in corneal thickness within 4 weeks
after ciCEC injection, followed by a more gradual decrease over the
next 2 weeks (Fig. 7F and fig. S7E). In the untreated group, mean
corneal thickness was approximately 1200 um throughout the
42 days of observation. In contrast, it decreased rapidly in the graft-
ed group, being significantly less than that in the untreated group.
We observed that the mean corneal thickness at postoperative days
14 (P < 0.01), 21, 28, 35, and 42 (P < 0.001) in the ciCEC-grafted
group was significantly less than that in the control group, indicat-
ing that corneal edema was markedly reversed. Meanwhile, corneal
clarity gradually increased after ciCEC transplantation, and grafted
corneas had higher corneal transparency compared to untreated
controls (Fig. 7G). These results strongly suggest that ciCEC trans-
plantation repopulated and self-organized on the posterior surface
of the cornea and has the capacity to regenerate the corneal endo-
thelium. In this study, the ciCECs were injected combined with a
ROCK inhibitor (Y-27632) into the anterior chambers of the eyes
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(Fig. 7H and movie S2). Each recipient received 1 x 10° ciCECs.
Fellow eyes (normal) and untreated eyes [phosphate-buffered saline
(PBS) injection] were used as experimental controls.

DISCUSSION

Previous studies have reported that NCCs can generate from fibro-
blasts by introducing NCC-specific TFs (33, 42). In this study, we
demonstrated that ciNCCs could be generated from MEFs via a
small-molecule reprogramming method in vitro. The generated
ciNCCs resemble NCCs in the expression profile of signature genes,
capacity for self-renewal, and the differentiation potential into de-
rivative neurons, Schwann cells, and mesenchymal lineages. These
finding demonstrated that direct lineage-specific conversion to
NCCs from MEFs could be achieved by the manipulation of signal-
ing pathways with small molecules. In addition, given the broad
spectrum of NCC derivatives, our approach for developing ciNCCs
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Fig. 6. Small molecules facilitate long-term expansion of ciCECs. (A) ciCECs were expanded for 3 days in serum-free control medium. Scale bar, 200 um. (B) Serial ex-
pansion of ciCECs in the serum-free medium with addition of SB431542 and CKI-7. Scale bar, 200 um. (C) Average population doubling times (means +SD, n=3;
***P < 0.001) of the ciCECs cultured in medium with and without SB431542 and CKI-7. (D) Bright-field image of ciCECs at P5, which were expanded for 3 days in culture
condition with addition of SB431542 and CKI-7. Arrows indicate the vacuole-like structures. Scale bar, 50 um. (E) These ciCECs at P30 were fixed and stained for Na*/K*-ATPase,

AQP1, and ZO-1. Scale bar, 50 um.

holds great potential as a different source to generate other NCC-
derivative cell types (50).

Furthermore, we successfully generated functional ciCECs from
ciNCCs. We explored defined differentiation conditions including
SB431542 and CKI-7 to achieve this process in vitro. ciCECs showed
an expression profile and function close to those of mature CEC. These
ciCECs were found to expand further and maintain contact-inhibited
hexagonal phenotype in the defined serum-free chemical medium.
The maintenance of pCECs in vitro has been proven challenging.
When grown under normal culture conditions in vitro, pCECs of-
ten show morphological fibroblastic changes and lose their physio-
logical function (43, 51). A TGF-B inhibitor maintains the CEC
phenotype during the process of ciCEC generation. A previous
study showed that SB431542 assisted in the maintenance of culti-
vated CECs with a normal polygonal and functional phenotype
(52). We found that the ciCECs could maintain normal polygonal
morphology and function in the medium with SB431542 and CKI-7
over the long term. Notably, these cells could be serially expanded
up to 30 passages and maintained contact-inhibited hexagonal phe-
notype. The contact-inhibited plays important roles in keeping the
monolayer structure of ciCECs. Thus, it does not allow ciCECs to
overproliferate in vitro and in vivo. During the passage, main genes
related to maturation were increased, indicating that they were ma-
ture ciCECs.

Corneal endothelium is derived from periocular NCCs (53).
Previous reports have shown that PSCs can differentiate into CECs
with a conditioned medium (36, 37, 39). Defined medium containing
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small molecules promoted PSC to differentiate into CEC-like cells
(39). Most approaches for the generation of CECs from stem cells
in vitro were stepwise procedures according to the developmental
process. Consistent with previous studies, the lineage conversion
from mouse fibroblasts is also a stepwise procedure. The induction
strategy for ciCECs is composed of two major steps, including an
initial chemical conversion of ciNCCs from mouse fibroblasts, fol-
lowed by lineage-specific differentiation into ciCECs. The ciCECs
have advantages over the PSC-derived CECs in certain aspects. The
small molecule-based conversion from fibroblasts makes the gen-
eration of ciCECs safe, which have no tumorigenic potential. More-
over, ciCECs can be produced from individual patients, thus
developing individualized cell therapy (40).

The generation of large numbers of functional CECs for cell-
based approaches to corneal endothelial dysfunction is an import-
ant goal. Direct reprogramming of fibroblasts to CECs could offer a
solution to this problem. The ciCECs exhibited a monolayer of hex-
agonal shaped cells in vitro. In vivo engraftment of ciCECs substan-
tially reversed the corneal opacity in the rabbit corneal endothelial
dysfunction model, indicating their therapeutic effect for corneal
endothelial deficiency. A previous study has shown that cultivated
rabbit CECs injected with Y-27632 were successful in recovering
complete transparency of the corneas (47). However, further com-
menting is needed on the immunologic rejection of xenotransplan-
tation that occurs in this study.

It has been known that MEFs contain a heterogeneous popula-
tion of nonfibroblast precursor cells (16). To avoid possible
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Fig. 7. Transplantation of ciCECs in vivo. (A) Diagram depicting the transplantation of ciCECs with the ROCK inhibitor into model rabbits. (B) Corneal transparency in
the grafted eyes was notably improved after transplantation, while corneal opacity and stromal oedema were still serious in the untreated controls. (C) Slit-lamp micro-
scopic images showing that the clarity of the grafted corneas was substantially improved after transplantation, while corneal opacity and stromal oedema remained in
the untreated controls. (D) Immunohistochemistry showing that surviving tdTomato™ ciCECs were attached to Descemet’s membrane. Scale bar, 100 um. (E) Visante OCT
showing ameliorated corneal oedema (reduced corneal thickness) in a grafted eye. (F and G) Trend in corneal thickness and corneal clarity after transplantation. There
were significant differences in corneal thickness and transparency between the untreated controls and the grafted groups. The results are means and SEM for biological
replicates (n=9). (H) Live confocal imaging of corneal endothelia confirmed full coverage of polygonal cells on Descemet’s membrane in the grafted eyes. Photo
credit: Zi-Bing Jin, Beijing Institute of Ophthalmology, Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical University, Beijing Ophthalmology & Visual Sci-

ence Key Laboratory, Beijing, 100730 China.

contamination of NCCs in the starting MEFs, we carried out a
lineage-tracing experiment to track the origin of the ciNCCs and
ciCECs. We verified that the Wnt1" ciNCCs were generated from
non-NCC fibroblasts. To further confirm the origin of the ciNCCs,
we confirmed that the tdTomato-positive ciNCCs generated from
fibroblasts and engrafted Fsp1l-tdTomato ciCECs in the animal
model by using a fibroblast-specific Fspl-Cre lineage-tracing re-
porter in MEFs.

In conclusion, our study presents a new strategy to generate
functional CECs through induction of NCCs with chemically defined
small-molecule cocktails, providing a new source of neural crest
derivatives for the purpose of corneal engineering and regeneration.

MATERIALS AND METHODS

Animals

The Wnt1-Cre [Tg(Wntl-Cre)11Rth], Fsp1-Cre [BALB/c-Tg (S100a4-
cre)1Egn/Yunk]J], and ROSA26-tdTomato [Gt(ROSA)26Sortm14
(CAG-tdTomato)Hze] mice were obtained from The Jackson
Laboratory; the Oct4-GFP transgenic allele-carrying mice (CBA/
CaJxC57BL/6]) were also obtained from The Jackson Laboratory;
and the 129Sv/Jae and C57BL/6 mice were obtained from Shanghai
Vital River Laboratory. The rabbits used in this study were of the
New Zealand white strain and were obtained from JOINN
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Laboratories (Suzhou) Inc., Suzhou, China. All the animals were
housed under stable conditions (21° + 2°C) with a 12-hour dark/
light cycle. All animal experiments were approved by the Animal
Ethics Committee of Wenzhou Medical University, Wenzhou,
China.

Cellisolation and culture

MEFs were isolated from E13.5 embryos as previously described
(54). Briefly, the neural tissues (including head, spinal cord, and
tail), limbs, gonads, and visceral tissues of the E13.5 mouse embryos
were carefully removed and discarded before MEF isolation. The
remaining tissues were sliced into small pieces, trypsinized, and
plated onto 10-cm dishes in fibroblast medium. Mouse NCCs were
isolated from the neural tube of E8.5 embryos under a dissection
microscope as previously described (55). The mouse meninges and
vessels were removed and discarded. The remaining brain tissues
were sliced into small pieces, dissociated with 0.25% trypsin (Gibco)
for 15 min at 37°C, washed with Dulbecco’s modified Eagle’s medium
(DMEM)/F12 twice, and then plated in a T25 flask bottle in NCC
medium, which is composed of DMEM/F12 (Gibco) supplemented
with 1x N2 (Gibco), 1x B27 (Gibco), bFGF (20 ng/ml) (PeproTech),
and EGF (10 ng/ml) (PeproTech). Mouse pCECs were isolated
from postnatal day 30 (P1)-2 pups following a published protocol
(56). They were cultured in DMEM containing 10% fetal bovine

90of 13

1202 ‘v aung uo /B10°Bewaouslios saoueApe//:dny wolj papeojumod


http://advances.sciencemag.org/

SCIENCE ADVANCES | RESEARCH ARTICLE

serum (FBS) (Gibco), 0.1 mM nonessential amino acids (NEAAs)
(Sigma-Aldrich), 2 mM GlutaMAX (Gibco), and 2 mM penicillin-
streptomycin (Gibco). The mESCs were maintained in ESC medium,
which is composed of DMEM with 1x N2 (Gibco), 1x B27 (Gibco),
leukemia inhibitory factor (LIF), 0.1 mM nonessential amino acids
(Sigma-Aldrich), 2 mM GlutaMAX (Gibco), 2 mM penicillin-
streptomycin (Gibco), 0.1 mM 2-mercaptoethanol (Gibco), CHIR99021
(3 mM), and PD0325901 (1 mM).

FACS of Wnt1~ MEFs and Fsp1~ MEFs

Primary MEFs were isolated from E13.5 mouse embryos with a ge-
netic background of Wnt1-Cre/ROSA26"T°™ (Wnt1-Cre mice x
ROSA26'Tomato mice) and Fsp1-Cre/ROSA26'7°™ (Fsp1-Cre mice x
ROSA26'Toma 1hice). The MEFs at P2 were dissociated with
0.25% trypsin at 37°C for 5 min and neutralized with MEF medium.
To prepare the Fspl-MEFs, the resulting fibroblasts were sorted to
obtain tdTomato"/p75~ cells by FACS. These MEFs were stained
with a specific antibody against p75 and subjected to FACS for
tdTomato"/p75~ cells. During FACS, a Matrigel-coated 24-well plate
was prewarmed at 37°C for at least 30 min before seeding the tdMEFs.
The tdMEFs were planted immediately after FACS into the pre-
warmed Matrigel-coated 24-well plate at 1.5 x 10* cells per well in
MEF medium in 5% CO, and 20% O, at 37°C for 5 hours to allow
the cells to attach to the plate.

Small-molecule compounds and libraries

Small molecules, including the GSK3 inhibitor CHIR99021, the
TGF-B inhibitor SB431542, the cAMP inducer Forskolin, and CKI-7,
were acquired from Sigma-Aldrich. bFGF was acquired from
PeproTech. All chemical components are described in table S1.

Detailed protocol for the generation of ciCECs from mouse
fibroblasts in chemically defined medium

M6 reprogramming medium preparation

The basal medium contained knockout DMEM (Gibco), 10% KSR
(KnockOut serum replacement) (Gibco), 10% FBS (Gibco), 1% NEAA
(Gibco), and 0.1 mM 2-mercaptoethanol (Gibco) supplemented
with the small molecules CHIR99021 (3 uM), SB431542 (5 uM),
Forskolin (10 uM), VPA (500 mM), EPZ004777 (5 uM), and 5-Aza
(0.5 uM). The medium was shaken for 30 min to ensure that all com-
ponents were fully dissolved.

CEC differentiation and medium preparation
DMEM/F12/GlutaMAX (Gibco), 10% KSR (Gibco), 1% NEAA
(Gibco), and 0.1 mM 2-mercaptoethanol (Gibco) were supplemented
with SB431542 (5 uM) and CKI-7 (5 uM).

Chemical conversion of NCCs from mouse fibroblasts

The MEFs and TTFs were plated at 5 x 10* cells per well on six-well
tissue culture plates in fibroblast medium. The culture plates were
precoated with fibronectin or laminin for more than 2 hours. After
overnight culture, the medium was exchanged with M6 chemical
medium, which was refreshed every 2 days. NCC-like cells appeared
and increased at days 3 to 5. After 7 to 10 days of induction, FACS
was performed to collect Wnt1" cells.

Generation of ciCECs from mouse ciNCCs

On days 12 to 16, the M6 chemical medium was replaced with
CEC differentiation medium, which was refreshed every 2 days.
Endothelial-like cell clusters appeared as early as day 20. During
days 30 to 35, these CEC-like cell colonies were counted or further
detected.
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Immunocytochemistry

Cells were washed once with 1x PBS and then fixed with 4% para-
formaldehyde at room temperature for 10 to 15 min, followed by
permeabilization with 0.2% Triton X-100 in 1x PBS for 10 min and
blocking with 7.5% bovine serum albumin (BSA) for at least 1 hour.
All primary antibodies were diluted in 7.5% BSA, and the primary
antibody reactions were incubated at 4°C overnight. Then, the cells
were washed with 1x PBS for 10 min five times at room tempera-
ture. The secondary antibodies with Alexa Fluor 488, Alexa Fluor
555, and Alexa Fluor 647, purchased from Invitrogen, were diluted
in 7.5% BSA, and incubation was performed for 1 hour at room
temperature, followed by five 10-min washes with 1x PBS. The nu-
clei were stained with 4’,6-diamidino-2-phenylindole (DAPI). The
antibodies used in this study are listed in table S2.

RNA preparation and RT-PCR

Total RNA was extracted using an RNeasy Plus Mini kit (Qiagen).
In brief, 1 ug of total RNA was used for reverse transcription with
an iScript cDNA synthesis kit (Bio-Rad), and the resulting comple-
mentary DNA (cDNA) was diluted five times in H,O for PCR. For
semiquantitative PCR, 1 pl of one-fifth diluted cDNA was used as
template for the following PCR program: 95°C for 5 min and 35 cycles
of 95°C for 30 s, 60°C for 30 s, and 72°C for 30 s, followed by 72°C
for 10 min. Quantitative PCR was performed following the FAST
SYBR Green Master Mix (ABI) protocol. All PCR was performed in
triplicate, and the expression of individual genes was normalized to
that of Gapdh. The primer sequences are listed in table S3.

RNA sequencing and analysis

Total RNA for each sample was isolated with TRIzol reagent and
purified using the RNeasy 23 Mini Kit (Qiagen) according to the
manufacturer’s instructions. RNA quality and quantity were as-
sessed using NanoDrop 2000, Agilent 2100 Bioanalyzer, and Agilent
RNA 6000 Nano Kit. RNA library construction and RNA-seq were
performed by the Annoroad Gene Technology. Sequencing librar-
ies were generated using the NEB Next Ultra RNA Library Prep Kit
for Illumina24 (NEB), and library clustering was performed using
HiSeq PE Cluster Kit v4-cBot-HS (Illumina) following the manu-
facturer’s recommendations. After cluster generation, the libraries
were sequenced on an Illumina platform and 150-base pair paired-
end reads were generated. The initial data analysis was performed
on BMKCloud (www.biocloud.net/).

FACS cytometry

For MEF preparation, fibroblasts with the desired genotype were
cultured in MEF medium until they reached more than 80% conflu-
ence. The cells were washed twice with 1x PBS and treated with
0.25% trypsin at 37°C for 5 min. After harvesting, the cells were
passed through a 70-um filter, washed twice with PBS, and resus-
pended in precooled buffer (1x PBS, 1.5% FBS, and 0.5% BSA). The
cells were incubated with either fluorescein isothiocyanate (FITC)-
conjugated P75 antibody (Abcam) or isotype control (BD) at the
suggested concentrations on ice for 30 min or room temperature for
45 min, followed by six washes with FACS bulffer. Cells were then
resuspended in FACS buffer and sorted with BD FACSAria II.

ciNCC differentiation
Approximately 5 x 10° ciNCCs were seeded on laminin-coated 24-
well tissue culture plates and cultured in N2B27 medium, which
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contained 1x N2, 1x B27, EGF (10 ng/ml), and bFGF (10 ng/ml) in
Neurobasal medium. After 24 hours, cells were subjected to differ-
entiation conditions.

For peripheral neuron differentiation, the medium was switched
to neuron differentiation medium [NCC medium without bFGF
and EGF, with the addition of 200 uM ascorbic acid, 2 pM dibutyryl
cAMP (db-cAMP), brain-derived neurotrophic factor (BDNF)
(25 ng/ml), NT3 (25 ng/ml), and glial cell line-derived neuro-
trophic factor (GDNF) (50 ng/ml)]. Half of the medium was changed
every 2 to 3 days. Specific neuron markers were analyzed by day
10 to day 20 after differentiation.

For Schwann cell differentiation, ciNCCs were cultured in N2B27
medium for at least 2 weeks. Differentiation was then induced by
culturing in NCC medium without FGF2 and EGF and supple-
mented with ciliary neurotrophic factor (10 ng/ml), neuregulin
(20 ng/ml), and 0.5 mM db-cAMP for 3 to 4 weeks. Media were
changed every 2 to 3 days. Cells were then examined for the expres-
sion of Schwann cell protein markers by immunostaining.

To differentiate into melanocytes, ciNCCs were cultured in the
presence of 5 uM RA and Shh (Sonic hedgehog) (200 ng/ml) for 1 day
and platelet-derived growth factor-AA (PDGF-AA) (20 ng/ml), bFGF
(20 ng/ml), and Shh (200 ng/ml) for 3 to 5 days; then, they were cul-
tured in differentiation medium containing T3 (40 ng/ml), Shh
(200 ng/ml), 1 nM LDN193189, 5 mM db-cAMP, and NT3 (10 ng/ml)
for 8 to 12 days. The medium was refreshed every other day.

For mesenchymal differentiation, ciNCCs were cultured for 3 weeks
in o-MEM containing 10% FBS, as previously described (57). The
differentiation potential of ciNCC-derived mesenchymal stem cells
was achieved by incubation with adipogenesis medium, osteogenesis
medium, and chondrogenesis medium, respectively (Cyagen Bio-
sciences). The differentiation medium was refreshed every 3 days.
The induced cells were stained with Oil Red O stain kit (Solarbio),
alizarin red S (Sigma-Aldrich), and Alcian blue (Sigma-Aldrich)
after 3 weeks of induction.

Cell cycle analysis

Cells were carefully dissociated into single-cell suspensions by tryp-
sin (Gibco), washed twice with PBS, and then fixed overnight with
cold 70% ethanol. Fixed cells were washed twice with PBS, followed
by ribonuclease (100 pg/ml; Sigma-Aldrich) treatment and PI
(50 ug/ml; Sigma- Aldrich) staining for 30 min at 37°C. Approximately
1 x 10° cells were analyzed using FACSCanto II (Becton Dickinson)
to determine the cell cycle distribution pattern. The percentages of
cells in the G, S, and G,-M phases of the cell cycle were analyzed
using ModFit 4.1 (Verity Software House).

Teratoma formation

For generation of teratoma in vivo, 5 x 10° ciCECs were subcutane-
ously injected into each recipient NOD/SCID mouse (n = 5). Con-
trol NOD/SCID mice (1 = 3) were injected with 2 x 10® mESCs, and
teratoma formed from 4 to 8 weeks. Then, images of mice were cap-
tured with the cell phone imaging system.

Transplantation

All rabbits weighing 2.0 to 2.5 kg were anesthetized intramuscularly
with ketamine hydrochloride (60 mg/kg) and xylazine (10 mg/kg;
Bayer). The rabbits were divided into two groups (n = 10 each
group), and the right eye was used for this experiment. After disin-
fection and sterile draping of the operation site, a 6-mm corneal
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incision centered at 12 o’clock was made with a slit knife, and a
viscoelastic agent (Healon; Amersham Pharmacia Biotech AB) was
infused into the anterior chamber. After the corneal surface had been
ruled with a marking pen (Devon Industries Inc.), a 6.0-mm-diameter
circular aperture for descemetorhexis was created in the center of
the cornea with a 30-gauge needle (Terumo), and Descemet’s mem-
brane was removed from the anterior chamber of the eye. The
corneal endothelium was mechanically scraped from Descemet’s
membrane with a lacrimal passage irrigator (Shandong Weigao) as
previously described. Fsp-ciCECs were dissociated using 0.25%
trypsin-EDTA, resuspended in basic medium at a density of 1 x 10”
cells/ml, and kept on ice. The anterior chamber was washed with
PBS three times. After this procedure, a 26-gauge needle was used to
inject 1 x 10° cultured ciCECs suspended in 100 ul of basic DMEM
containing 10 uM ROCK inhibitor Y-27632 (Selleck) into the ante-
rior chamber of the right eye. Thereafter, rabbits in the ciCEC
transplantation groups were kept in the eye-down position for
24 hours under deep anesthesia so the cells could become attached
by gravitation. Each surgical eye was checked two or three times a
week by external examination, and photographs were taken on days
3,7, 14, and 28 after injection. Central corneal thickness was measured
using the Spectralis BluePeak OCT unit (Heidelberg Engineering,
Heidelberg, Germany), and CECs were imaged with confocal scanning
laser ophthalmoscopy (HRT3, Heidelberg Engineering, Heidelberg,
Germany) on days 0.5, 1, 3,7, 14, 21, 28, 35, and 42 after surgery. An
average of three readings was taken. Corneal transparency was
scored using a scale of 0 to 4 as previously described (58), where
0 = completely clear; 1 = slightly hazy, iris and pupils easily visible;
2 = slightly opaque, iris and pupils still detectable; 3 = opaque,
pupils hardly detectable; and 4 = completely opaque with no view of
the pupils. Photographs of ocular surface were taken with slit-lamp
microscopy (SLM-8E, KANGHUA, China) at each time point.

Cell proliferation assay

The proliferation rate of ciCECs cultured in differentiation medium
was determined by the Click-iT EAU Alexa Fluor 488 Imaging Kit
(Invitrogen) according to the manufacturer’s instructions. Briefly,
passaged CECs were seeded onto a slide at a lower density of 5 x
10° cells per cm? and cultured for 24 hours.

TEM analysis

For TEM analysis, cells were fixed in 2.5% EM-grade glutaraldehyde
(Servicebio) for 2 to 4 hours at 4°C, washed with 0.1 M phosphate
buffer (pH 7.4), postfixed in 1% osmium tetroxide for 2 to 4 hours
at 4°C, and washed and then dehydrated in an ethanol series (50 to
100%) to a final rinse in 100% acetone, followed by 2-hour incuba-
tions in 1:1 acetone/Pon 812 (SPI) and overnight incubation in 1:2
acetone/Pon 812. The samples were embedded in Pon 812, polym-
erized for 48 hours at 60°C, and then sectioned (60 to 80 nm) with
a diamond knife (Daitome). Sections were stained with 2% uranyl
acetate, followed by lead citrate, and visualized using an HT7700
transmission electron microscope (HITACHI).

Dil-Ac-LDL uptake and FITC-lectin staining assay

ciCECs and pCECs were cultured for 24 hours and then incubated
with Dil-Ac-LDL (10 ug/ml) (Invitrogen) in culture medium at
37°C for 6 hours. Cells were washed three times with PBS and stained
with FITC-lectin (10 mg/ml) (Sigma-Aldrich) at 37°C in the dark
for 2 hours. Thereafter, cells were fixed with 4% paraformaldehyde
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for 15 min. The cells were imaged using an inverted fluorescence
microscope.

Karyotype analysis

Cells were treated with colcemid (0.1 pg/ml) (Gibco) at 37°C for
2 hours, trypsinized, resuspended, and incubated in 0.075 M potas-
sium chloride for 15 min at 37°C, fixed with 3:1 methanol:acetic
acid, and then dropped onto slides to spread the chromosomes. The
chromosomes were visualized by Giemsa (Solarbio) staining.

Statistical analysis

All experiments were independently performed at least three times.
The results are expressed as means + SD. The data were analyzed by
unpaired two-tailed Student’s ¢ tests for comparisons of two groups
and by one-way analysis of variance (ANOVA) with Tukey’s test or
Dunnett’s multiple comparisons test for comparisons of multiple
groups. All analyses were performed using SPSS Statistics 19.0 soft-
ware. P < 0.05 was considered significant. The accession number for
the RNA-seq data reported in this paper is National Center for
Biotechnology Information (NCBI) Gene Expression Omnibus
(GEO): GSE162889.

SUPPLEMENTARY MATERIALS

Supplementary material for this article is available at http://advances.sciencemag.org/cgi/
content/full/7/23/eabg5749/DC1

View/request a protocol for this paper from Bio-protocol.
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