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Abstract	

	

Hereditary	Hemorrhagic	Telangiectasia	type	2	(HHT2)	is	a	vascular	disorder	caused	by	

mutations	in	ACVRL1.	We	generated	human	induced	pluripotent	stem	cell	(hiPSC)	lines	

from	 two	 HHT2	 patients	 with	 a	 heterozygous	 1	 bp	 deletion	 in	 exon	 7	 of	 ACVRL1	

(c.1042delG)	by	 reprogramming	 skin	 gibroblasts.	Gene-corrected	 isogenic	hiPSCs	were	

created	using	CRISPR-Cas9.	All	lines	displayed	normal	karyotypes,	expressed	markers	of	

the	undifferentiated	state,	differentiated	into	all	germ	layers	in	vitro,	and	showed	no	off-

target	effects.	These	patient-derived,	 genetically	matched	hiPSC	pairs	provide	a	 robust	

platform	 for	 modeling	 HHT2	 in	 vitro	 and	 investigating	 molecular	 mechanisms	 of	

pathogenesis.	
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Resource	Table:		
Unique	stem	cell	lines	
identifier	
	

1. LUMCi017-A	
2. LUMCi018-A	
3. LUMCi017-A-1	
4. LUMCi017-A-2	
5. LUMCi018-A-1	
6. LUMCi018-A-2	

Alternative	name(s)	of	stem	
cell	lines	

1. LUMC0111iALK,	LUMC0111iALK07		
2. LUMC0112iALK,	LUMC0112iALK08	
3. Iso01LUMC0111iALK07	
4. Iso02LUMC0111iALK07	
5. Iso01LUMC0112iALK08	
6. Iso02LUMC0112iALK08	

Institution	 Leiden	University	Medical	Center,	LUMC,	The	
Netherlands	

Contact	information	of	
distributor	

Valeria	V.	Orlova	(v.orlova@lumc.nl)	

Type	of	cell	lines	 hiPSC	
Origin	 Human	
Additional	origin	info	
required	
	

Age:	52	(LUMCi017-A)	and	55	(LUMCi018-A)	
Sex:	Male	(LUMCi017-A)	and	Male	(LUMCi018-A)	
Ethnicity:	Caucasian	(LUMCi017-A)	and	Caucasian	
(LUMCi018-A)	

Cell	Source		 Skin	gibroblasts	

Clonality	 Clonal	
Method	of	reprogramming	 Episomal	vectors:	OCT3/4,	SOX2,	KLF4,	LMYC	and	

LIN28	
Genetic	Modigication	 Yes	
Type	of	Genetic	Modigication	 Inherited	and	CRISPR-Cas9-mediated	correction	of	

ACVRL1	c.1042delG	mutations	
Evidence	 of	 the	
reprogramming	 transgene	
loss	(including	genomic	copy	
if	applicable)	

Detection	of	the	Epstein-Barr	virus	nuclear	antigen	1	
(EBNA1)	by	qPCR		

Associated	disease		 Hereditary	Hemorrhagic	Telangiectasia	type	2	
(HHT2)	

Gene/locus	 ACVRL1	(chr.12q13.13)	
Date	archived/stock	date	 27-01-2025	
Cell	line	repository/bank	 https://hpscreg.eu/cell-line/LUMCi017-A		

https://hpscreg.eu/cell-line/LUMCi018-A		
https://hpscreg.eu/cell-line/LUMCi017-A-1	
https://hpscreg.eu/cell-line/LUMCi017-A-2	
https://hpscreg.eu/cell-line/LUMCi018-A-1	
https://hpscreg.eu/cell-line/LUMCi018-A-2	

Ethical	approval	 Leiden	University	Medical	Center	ethics	committee	-	
P13.080	(Parapluprotocol:	hiPSC).	
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	Resource	utility	

	

Mutations	in	ACVRL1	are	a	common	cause	of	vascular	dysplasia	in	patients	diagnosed	with	

Hereditary	Hemorrhagic	Telangiectasia	type	2	(HHT2)	(Snodgrass	et	al.,	2021),	with	the	

c.1042delG	variant	reported	in	the	Dutch	population	(Letteboer	et	al.,	2005).	Human	iPSC-

derived	models	offer	a	valuable	alternative	to	the	limited	availability	of	patient-specific	

material	 for	studying	HHT2	pathophysiology	 in	vitro	 (Bouma	et	al.,	2020;	Orlova	et	al.,	

2022).	

	

Resource	Details	

	

HHT2	 is	 characterized	 by	 small,	 dilated	 blood	 vessels,	 termed	 telangiectasias,	 in	

mucocutaneous	regions	that	lead	to	severe,	recurrent	nosebleeds.	Larger	arteriovenous	

malformations	(AVMs)	can	develop	in	internal	organs	such	as	the	brain,	lungs,	liver,	and	

intestines,	where	they	are	potentially	 life-threatening	 if	 left	untreated	(Hermann	et	al.,	

2025).	HHT	 is	 classified	as	 rare	disease	with	a	prevalence	of	1:5000	globally	 (Shovlin,	

2010).	 The	 pathomolecular	 mechanisms	 driving	 the	 disease	 remain	 incompletely	

understood,	partially	due	to	the	lack	of	in	vitro	models	that	closely	resemble	the	in	vivo	

situation.	 In	 this	 report,	 we	 generated	 multiple	 patient-derived,	 genetically	 matched	

hiPSC	pairs	to	better	model	HHT	type	2	in	vitro.	

	

Skin	biopsies	were	collected	from	two	male	HHT2	patients	(aged	52	and	55)	carrying	a	

heterozygous	 c.1042delG	 mutation	 in	 exon	 7	 of	 ACVRL1.	 Isolated	 fibroblasts	 were	

reprogrammed	 at	 passage	 three	 using	 oriP/EBNA-1-based	 episomal	 vectors.	 The	

presence	of	the	ACVRL1	c.1042delG	mutation	in	patient-derived	hiPSCs	was	confirmed	by	

targeted	Sanger	sequencing	(Figure	1A).	Next,	we	employed	CRISPR-Cas9	to	genetically	

correct	the	genetic	variant	using	a	mutation-specific	single	guide	RNA	(sgRNA)	and	single-

stranded	donor	template	(ssODN;	Table	2).	The	ssODN	contained	two	silent	mutations	to	

prevent	recutting	by	Cas9	and	to	facilitate	screening	of	successfully	edited	cells.	Corrected	

clones	 were	 identified	 via	 AlwI	 restriction	 enzyme	 digestion	 of	 genomic	 DNA	 and	

validated	 by	 targeted	 Sanger	 sequencing	 (Figure	 1B).	 Examination	 of	 the	 top	 three	

predicted	 off-target	 sites	 revealed	 no	 alternations	 (Data	 not	 shown;	

crispor.tefor.net)(Haeussler	 et	 al.,	 2016).	 Parental	 and	 gene-corrected	 hiPSC	 lines	
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homogenously	expressed	markers	of	the	undifferentiated	state	NANOG,	SSEA4,	OCT3/4,	

and	 TRA-1-60	 as	 assessed	 by	 immunocytochemistry	 (Figure	 1C)	 and	 fluorescence-

activated	 cell	 sorting	 (Figure	 1D).	 Furthermore,	 all	 hiPSC	 lines	 displayed	 the	 typical	

cellular	morphology	(Supplementary	Figure	1A),	and	were	able	to	differentiate	in	vitro	

towards	endoderm	(AFP,	SOX17,	FOXA2),	ectoderm	(β3-tubulin,	PAX6)	and	mesoderm	

(CD31,	 NCAM,	 Brachyury)	 lineages	 (Figure	 1E	 and	 1F).	 KaryoStat	 analysis	 revealed	 a	

normal	karyotype	for	each	line	(Supplementary	Figure	1B),	whereas	short	tandem	repeat	

(STR)	analysis	of	the	lines	verified	the	genetic	identity	between	isogenic	pairs	(Table	1).	

All	 lines	 tested	negative	 for	mycoplasma	(Suppl.	Table	1)	and	absence	of	 the	episomal	

reprograming	vectors	(Suppl.	Table	2).	

	

Materials	and	Methods	

	

Reprogramming	and	hiPSC	maintenance	

Fibroblasts	from	dissociated	skin	biopsies	were	cultured	in	DMEM/F12	with	10%	FBS,	

non-essential	 amino	acids,	 β-mercaptoethanol,	 and	penicillin/streptomycin	 (Gibco).	At	

passage	three,	5×10⁵	cells	were	electroporated	with	1 µg	each	of	pCXLE-hOCT3/4,	pCXLE-

hSK,	and	pCXLE-hUL	(Addgene	#27076,	#27078,	#27080)	using	the	NHDF	Nucleofector	

Kit	and	Nucleofector	II	(program	U-023,	Lonza).	Cells	were	cultured	in	ReproTeSR	(Stem	

Cell	 Technologies)	 on	 coated	 plates	 with	 Matrigel	 (Corning).	 hiPSC	 colonies	 were	

manually	picked	and	expanded	in	TeSR-E8	on	VitronectinXF	(Stem	Cell	Technologies)-

coated	 plates.	Media	was	 changed	 daily,	 and	 cells	were	 passaged	weekly	 (1:40)	 using	

Gentle	Cell	Dissociation	Reagent	and	maintained	at	37°C,	5%	CO₂.	

	

Gene	editing	

HiPSCs	 were	 cultured	 beyond	 passage	 10	 before	 transfection	 with	 Alt-R®	 Cas9-RNP	

complex	 and	 ssODN	 (IDT)	 using	 the	 NEON	 Transfection	 System	 (1×10⁵	 cells,	 1200 V,	

30 ms,	 1	 pulse;	 Invitrogen).	 Transfected	 cells	 were	 plated	 on	 Synthemax	 II-SC-coated	

plates	in	TeSR-E8	with	CloneR™.	After	seven	days,	single-cell	colonies	were	seeded	(1000	

cells/10 cm	dish)	in	TeSR-E8	with	CloneR™.	Genomic	DNA	from	each	clone	was	extracted	

using	QuickExtract	(Lucigen).	 Initial	screening	used	AlwI	digestion	(NEB),	and	positive	

clones	were	validated	by	Sanger	sequencing	(ABI3730xl,	LGTC).	
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Figure	1.	Characterization	of	hiPSC	lines.	
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Imaging	and	immunocytochemistry	

Phase-contrast	images	were	captured	using	an	Eclipse	T1	microscope	(Nikon)	with	a	10×	

objective.	For	immunocytochemistry,	cells	were	gixed	in	2%	PFA/PBS	for	30 min	at	room	

temperature,	then	blocked/permeabilized	with	0.1%	Triton	X-100	and	4%	normal	swine	

serum	(Jackson)	in	PBS	for	one	hour.	Primary	antibodies	were	incubated	overnight	at	4 °C,	

followed	 by	 secondary	 staining	 for	 one	 hour	 at	 room	 temperature.	 Nuclei	 were	

counterstained	with	DAPI	(1:1000,	 Invitrogen),	and	images	acquired	using	a	Leica	TCS	

SP8	confocal	microscope.	

	

Flow	cytometry	

Single-cell	 suspensions	were	 generated	using	Gentle	Cell	Dissociation	Reagent	 for	 give	

minutes	at	room	temperature,	followed	by	gentle	pipetting.	Fixation	and	permeabilization	

were	performed	using	the	FIX	&	PERM	Kit	(Invitrogen)	according	to	the	manufacturer’s	

instructions.	 Cells	were	 stained	at	passage	15	 for	pluripotency	markers	 (Table	2)	 and	

analyzed	using	the	Cytek	Northern	Lights	and	SpectroFlo	software	(Cytek	Biosciences).	

	

Germ	layer	differentiation	

hiPSCs	 underwent	 either	 spontaneous	 (LUMC0111iALK07	 and	 LUMC0112iALK08)	 or	

directed	 differentiation	 (iso01LUMC0111iALK07,	 iso02LUMC0111iALK07,	

iso01LUMC0112iALK08,	and	 iso02LUMC0112iALK08)	 in	monolayers.	For	spontaneous	

differentiation,	cells	were	maintained	in	DMEM/F12	with	20%	FBS	(Gibco)	for	21	days.	

Directed	differentiation	was	performed	using	STEMdiff	Trilineage	media	for	endoderm,	

ectoderm,	and	mesoderm	per	manufacturer’s	instructions	(Stem	Cell	Technologies).	

	

Karyotyping	

Genomic	 integrity	 was	 assessed	 using	 the	 KaryoStat™	 assay	 according	 to	 the	

manufacturer’s	instructions	(ThermoFisher	Scientigic).	

	

Short	Tandem	Repeat	(STR)	analysis	

STR	progiling	was	performed	by	the	LUMC	Forensic	Laboratory	for	DNA	Research	using	

the	 PowerPlex	 Fusion	 System	 5C	 autosomal	 STR	 kit	 (Promega)	 following	 established	

protocols	(Westen	et	al.,	2014).	
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Mycoplasma	detection	

The	absence	of	Mycoplasma	was	evaluated	using	the	MycoAlert™	Mycoplasma	Detection	

Kit	(Lonza,	#LT07-418)	following	the	manufacturer’s	instructions	(Supplementary	Table	

1).	
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Supplementary	Table	1:	Mycoplasma	test	
Interpretation	ratio	B/A	

Negative	<0.9/1.0		

Positive	>1.2	

	

	

	

	

	

	

	

	 Measurement	
A	

Measurement	
B	

Ratio	–	measurement	
B/A	

Mycoplasma	

Positive	control	 210	 2520	 12	 Positive	

Negative	control	 202	 98	 0.485	 Negative	

LUMC0111iALK07	 268	 178	 0.664	 Negative	

Iso01LUMC0111iALK07	 484	 220	 0.454	 Negative	

Iso02LUMC0111iALK07	 545	 252	 0.463	 Negative	

LUMC0112iALK08	 272	 172	 0.632	 Negative	

Iso01LUMC0112iALK08	 188	 106	 0.563	 Negative	

Iso02LUMC0112iALK08	 168	 96	 0.571	 Negative	
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Suppl.	Figure	1:	Morphological	characterization	and		KaryoStat	of	hiPSC	lines.	

	

	

	

	

	




