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A B S T R A C T

Loeys-Dietz syndrome (LDS) is a rare connective tissue disorder characterized by a genetic predisposition for thoracic aortic aneurysm and dissection. Despite
heterozygous loss-of-function mutations in genes for ligand, receptor, or downstream mediators of the transforming growth factor β (TGFβ) pathway, LDS is
associated with a signature of high TGFβ signaling. We generated induced pluripotent stem cell (iPSC) lines from three adult LDS-patients (two male, one female) of a
family with a heterozygous point mutation in exon 4 of the TGFβ-receptor1 (TGFBR1) gene (p.M253I; c.759G>A). The lines offer a valuable resource for modeling
the pathophysiology of genetically mediated aortic disease.

Resource table

Unique stem cell lines identifier MHHi012-A
MHHi013-A
MHHi014-A

Alternative names of stem cell lines LDSP1C07
LDSP2C16
LDSP3C03

Institution LEBAO, Hannover Medical School, Hannover,
Germany

Contact information of distributor Dahlmann.julia@mh-hannover.de, Olmer.ruth@
mh-hannover.de

Type of cell lines iPSC
Origin human
Cell Source CD34+ cells from peripheral blood derived

from three related patients with transforming
growth factor-beta receptor 1 mutation

Clonality clonal
Method of reprogramming Sendai virus mediated delivery of OCT3/4,

SOX2, c-MYC and KLF4
Multiline rationale same disease, non-isogenic cell lines derived

from related donors with the same heterozy-
gous mutation

Gene modification YES
Type of modification Hereditery
Associated disease Loeys-Dietz Syndrome
Gene/locus TGFBR1, exon 4; p.M253I (c.759G>A)
Method of modification N/A
Name of transgene or resistance N/A
Inducible/constitutive system N/A
Date archived/stock date November, 2016
Cell line repository/bank N/A
Ethical approval The Local Ethics Committee of the MHH

approved the study (Internal No. 2605-2015)
and informed consent was obtained from the
donors.

1. Resource utility

The three established iPSC lines with the same heterozygous mu-
tation (p.M253I; c.759G>A) in exon 4 of the TGFBR1 gene from dif-
ferent related individuals offer a unique opportunity to model the ty-
pical aberrant TGFβ-signaling of Loeys-Dietz syndrome in vitro.
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2. Resource details

Loeys-Dietz syndrome (LDS), an autosomal dominant connective
tissue disorder, is caused by heterozygous mutations in components of
the TGFβ pathway. The syndrome is characterized by early dilatation of

the aortic root followed by aggressive aortopathy (aortic aneurysms and
dissections) often leading to sudden death in children and young adults
(Loeys and Dietz, 1993). A paradoxical overdrive of TGFβ signaling is
observed in the aortic media, which could not be explained ex-
haustively with current animal models and primary cell cultures.

Fig. 1.
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Vascular smooth muscle and endothelial cells derived from iPSCs are
considered as valuable tools to model this disease in vitro.

Three LDS patients (a 67-year old male, his nephew, and his niece)
with a positive family history of aortic rupture (Singh et al., 2006) were
diagnosed with a common (p.M253I; c.759G>A) mutation in exon 4 of
the TGFBR1 gene. The patients donated peripheral blood and provided
informed consent for participation in the study. We isolated CD34+

cells and generated iPSC lines using Sendai virus vectors mediating the
temporal overexpression of the four reprogramming factors OCT4,
SOX2, KLF4 and c-MYC. Clones were selected and raised by empirical
choice of morphologically typical colonies. The complete loss of Sendai
viral load was confirmed by negative RT-qPCR (Suppl. Fig. 1A). All
iPSC clones revealed the common heterozygous point mutation by
Sanger sequencing and showed a normal karyotype at passage 16
(MHHi012-A), passage 29 MHHi013-A and passage 36 (MHHi014-A)
(Fig. 1A and B). The short tandem repeat (STR) profile showed no cross-
contamination with foreign DNA, but could not be traced back to the
donors due to missing source material. iPSCs expressed pluripotency
markers, OCT4, NANOG, TRA-1-60, and SSEA-4 (Fig. 1C). The ability to
differentiate into the derivatives of all three germ layers was confirmed
in all lines with in vitro differentiation and expression of markers of
ectoderm (TUBB3), endoderm (AFP), and mesoderm (ACTA2) (Fig. 1E).
No mycoplasma contamination was detected in cell culture super-
natants (Suppl. Fig. 1B).

3. Materials and methods

3.1. Reprogramming

CD34+ peripheral blood derived cells were reprogrammed using the
Cytotune®-iPS 2.0 Sendai Reprogramming Kit according to the manu-
facturer's instructions. Single emerging hiPSC colonies were manually
picked and transferred separately onto confluent layers of mitotically
inactivated murine embryonic fibroblasts (miMEFs) in hiPSC medium
consisting of Knockout DMEM supplemented with 20% Knockout
Serum Replacement, 1% non-essential amino acid stock, 1 mM L-glu-
tamine, 100 µM β-mercaptoethanol (all Thermo Scientific), and 10 ng/

mL bFGF (supplied by the Institute for Technical Chemistry, Leibniz
University Hannover, Germany). Cultures were split every 4–5 days
using Collagenase VI (Thermo Scientific), plated at appropriate density
onto fresh miMEFs and maintained at 37 °C and 5% CO2.

3.2. In vitro tri-lineage differentiation

To induce differentiation of hiPSCs into all germ layers, hiPSC-colonies
were detached from feeder layers using 0.4% type IV collagenase and
resuspended in differentiation medium consisting of IMDM + GlutaMAX
supplemented with 20% fetal calf serum, 1 mM L-glutamine, 100 µM β-
mercaptoethanol, and 1% non-essential amino acid stock (all Thermo
Scientific). Colonies were maintained for 7 days in suspension culture on
ultra-low attachment plates (Corning) to form embryoid bodies (EBs).
Subsequently, EBs were plated on 12-well plates coated with 0.1% gelatin.
After a total of 21 days, EBs were fixed for immunostaining.

3.3. Immunostaining

Adherent cells were fixed with 4% paraformaldehyde and then
permeabilized and blocked with 0.025% Triton-X100 + 0.1% donkey
serum blocking solution. Incubation with primary antibodies and cor-
responding isotype controls was performed for 1h at RT or overnight at
4 °C. Secondary antibody staining (30 min at RT) and nuclear coun-
terstain with DAPI (10 min at RT) was performed afterwards.
Subsequent to each step, cells were washed with PBS. Analysis was
performed with an Axioserver A1 microscope, software Axiovision 4.71
(Zeiss). For flow cytometry, cells were fixed with 4% paraformaldehyde
for 10 min at RT and permeabilized with chilled methanol for 15 min.
Antibodies were diluted in PBS + 0.5% BSA. Flow cytometry analysis
was performed using a MACSQuant® Analyzer10 and FlowJo v10.5.3.

3.4. Validation of mutation

LDS hiPSC lines were tested for the heterozygous c.759G>A mu-
tation via Sanger sequencing with primers (Table 3) flanking exon 4 of
the TGFBR1 gene.

Table 1
Summary of lines.

iPSC line names Abbreviation in figures Gender Age Ethnicity Genotype of locus Disease / Reference

MHHi012-A LDSP1C07 Male, Index 1 67 Caucasian c.759G>A on TGFBR1 gene LDS, (Singh et al., 2006)
MHHi013-A LDSP2C16 Male, Nephew 44 Caucasian c.759G>A on TGFBR1 gene LDS, (Singh et al., 2006)
MHHi014-A LDSP3C03 Female, Niece 39 Caucasian c.759G>A on TGFBR1 gene LDS, (Singh et al., 2006)

Table 2
Characterization and validation.

Classification Test Result Data

Morphology Photography Visual record of all lines: normal Fig. 1C
Phenotype Immunocytochemistry (ICC) Expression of pluripotency markers: OCT4, NANOG, TRA-1-60, and

SSEA-4
Fig. 1C

Flow cytometry Oct3/4: 97–100%, NANOG: 98–100%, Tra 1–60: 93–97%, and
SSEA-4: 96–98%

Fig. 1D

Genotype Karyotype (R-banding) and resolution LDSP1C07: 46XY; LDSP2C16: 46XY; LDSP3C03: 46XX, Resolution
min. 300

Fig. 1B

Identity STR analysis Unmatched STR profile of all iPSC clones for 16 specific sites
performed, source material was not available

Data available with the
authors

Mutation analysis Sanger sequencing Heterozygous mutation c.759G>A on TGFBR1 gene Fig. 1A
Microbiology and virology Mycoplasma Mycoplasma testing by luminescence: Negative Suppl. Fig. 1
Differentiation potential In vitro Embryoid body formation Undirected differentiation in vitro: positive for endoderm (AFP),

mesoderm (ACTA2), ectoderm (TUBB3)
Fig. 1E

Donor screening (OPTIONAL) HIV 1 + 2 Hepatitis B, Hepatitis C Negative Not shown but available
with author

Genotype additional info
(OPTIONAL)

Blood group genotyping N/A N/A

HLA tissue typing N/A N/A
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3.5. Karyotype analysis

After treatment of adherent hiPSCs for 30 min with colcemid
(Thermo Scientific), cells were detached with trypsin. Metaphases were
prepared according to standard procedures. Fluorescence R-banding
using chromomycin A3 and methyl green was performed as previously
described (Schlegelberger et al., 1999). For each cell line, metaphases
of at least 15 undifferentiated hiPSCs were examined at a minimum of
300 bands. Chromosomes were arranged according to the International
System for Human Cytogenetic Nomenclature (ISCN).

3.6. Myocoplasma analysis

The absence of myocoplasma contamination in cell culture super-
natants was confirmed using the MycoAlert™ mycoplasma detection kit
(Lonza), performed according to the manufacturer's instructions.

3.7. Short tandem repeat (STR) analysis

Pellets of iPSC clones were shipped to a commercial provider of
highly polymorphic STR profiling (Microsynth). 16 STR loci were am-
plified using the PowerPlex® 16 HS System (Promega). Fragment ana-
lysis was done on an ABI3730xl (Life Technologies) and the resulting
data were analyzed with GeneMarker HID software (Softgenetics).
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Table 3
Reagents details.

Antibodies used for immunocytochemistry/flow-cytometry

Antibody Dilution Company Cat # and RRID

Pluripotency Markers ICC:
Mouse anti-OCT3/4
Mouse anti-NANOG
Mouse anti-TRA-1-60
Mouse anti-SSEA4
Flow cytometry:
Human Anti-Oct3/4 Isoform A-PE Human Anti-NANOG-
APC Human Anti-TRA-1-60-PE Human Anti-SSEA-4-
VioBlue

1:40
1:460
1:100
1:67
1:25
1:25
1:25
1:25

Santa Cruz Biotechnology Cat #sc-5279, RRID: AB_628051
Abcam Cat #ab62734, RRID: AB_956161
Abcam Cat#ab16288, RRID: AB_778563
DSHB Cat #MC-813-70, RRID: AB_528477
Miltenyi Biotec Cat #130-105-554, RRID: AB_2653085
Miltenyi Biotec Cat #130-105-049, RRID: AB_2652991
Miltenyi Biotec Cat #130-100-347, RRID: AB_2654227
Miltenyi Biotec Cat #130-098-366, RRID: AB_2653521

Differentiation Markers Mouse anti-Alpha-Fetoprotein
Mouse anti-Actin, alpha
Mouse anti-Tubulin, neuronal

1:300
1:100
1:400

R&D Systems Cat #MAB1368, RRID: AB_357658 Santa Cruz Biotechnology Cat
#sc-130616, RRID: AB_1561784 Millipore Cat# 05–559, RRID:AB_309804

Secondary antibodies Cy™3-AffiniPure donkey anti-mouse IgG
Alexa Fluor® 488 AffiniPure Donkey Anti-Mouse IgM
Alexa Fluor® 488 AffiniPure Donkey Anti-Mouse IgG
(H+L)

1:500
1:500
1:500

Jackson Immunoresearch Cat# 715–165-150, RRID:AB_2340813
Jackson Immunoresearch Cat #715-545-140, RRID: AB_2340845
Jackson Immunoresearch Cat #715-545-150, RRID: AB_2341099

Primers

Target Forward/Reverse primer (5′-3′)

Sendai vectors SeV/ 181 bp GGATCACTAGGTGATATCGAGC/ ACCAGACAAGAGTTTAAGAGATATGTATC
Sendai vectors KOS/ 528 bp ATGCACCGCTACGACGTGAGCGC/ ACCTTGACAATCCTGATGTGG
Sendai vectors Klf4/ 410 bp TTCCTGCATGCCAGAGGAGCCC/ AATGTATCGAAGGTGCTCAA
Sendai vectors c-Myc/ 532 bp TAACTGACTAGCAGGCTTGTCG/ TCCACATACAGTCCTGGATGATGATG
Targeted mutation sequencing TGFBR1-Exon 4 / 614 bp CCTGCCTAACCACCGTACTT/ TGTCTCATCTACTTTGATGATGGTT
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