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Adapted	from:	Holohan B	et	al.	J	Cell	Biol.	(2014	)

TELOMERASE DEFECTS CAUSE 
TELOMEROPATHIES

• Telomerase	maintains	telomere	
length	in	proliferating	cells.

• Telomerase	is	a	
ribonucleoprotein	complex.

• Mutations	in	one	of	its	
components	affect	its	activity.

• Overactivation	of	telomerase	is	
an	hallmark	of	cancer.



TERC HAPLOINSUFFICIENCY IN 
DYSKERATOSIS CONGENITA 

Adapted	from:	Du	HY	et	al.	Aging	Cell	(2007)
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CURRENT CLINICAL TRIALS

STUDY	TITLE CONDITIONS INTERVENTIONS LOCATIONS LAST	UPDATE	
POSTED

Investigation	of	the	
Genetics	of	

Hematologic	Diseases

• Bone	Marrow Failure	
Syndromes

• Erythrocyte Disorder
• Leukocyte Disorder

St.	Jude	Children's	Research	
Hospital
Memphis,	Tennessee,	United	
States

October 23,	2018

Treosulfan and	
Fludarabine Phosphate	
Before	Donor	Stem	Cell	
Transplant	in	Treating	

Patients	With	
Nonmalignant	Inherited	

Disorders

• Hematopoietic Cell
• Transplantation

Recipient
• Non-Malignant

• Procedure:	Allogeneic	
Bone	Marrow	
Transplantation

• Biological:	Anti-
Thymocyte	Globulin

• Drug:	Cyclosporine

• Children's Hospital	
Colorado
Aurora,	Colorado,	United
States

• Oregon	Health	and	
Science	University
Portland,	Oregon,	United
StateS

• Vanderbilt University

April 25,	2018

Hematopoietic Stem
Cell Transplant for

Dyskeratosis
Congenita	or	Severe	
Aplastic	Anemia

• Dyskeratosis
Congenita

• Aplastic Anemia

• Drug:	Alemtuzumab
• Drug:	Fludarabin
• Drug:	

Cyclophosphamide

University	of	Minnesota	
Medical	Center,	Fairview
Minneapolis,	Minnesota,	
United	States

September 25,	2018



Rescue	of	telomerase	activity	using	

a	novel	gene	therapy	approach:		

CRISPR/dSaCas9	mediated	TERC	

overexpression.

GOALS

• Increase	telomere	length
• Increase	telomerase	activity
• Increase	survival
• Avoid	tumorigenesis

Francesca	Fioredda et	al.	July (2018)		
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EXPERIMENTAL PLAN

AAV9

HEK293T

HSC Mouse	
model

Vectors building

Amplification

Preliminary	experiments

In	vitro

In	vivo
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AAV9-sgRNA	à TERC
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AMPLIFICATION

AAV9-dSaCas9-VPR AAV9-helper AAV9-sgRNA

HEK293T

Purification in	CsCl gradient

Viral genome titer:	qRT-PCR	

Selection with	Ampicillin

AAV9-dSaCas9-VPR

AAV9-sgRNA



PRELIMINARY EXPERIMENTS: USE OF AAV9 
SYEROTYPE AND SPECIFICITY OF dSaCas9
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à ChIP-seq	analysis:	the	highest	peak	
corresponds	to	the	most	frequent	
binding	of		dCas9,	that	is	TERC	sequence	
(chromosome	3).

à Analysis	of	fluorescence:	AAV9	
produces	a	high	GFP	expression,	
maintained	overtime.

Adapted	from:	Kevin	S.	Myers	et	al.	Methods	(2015)



PRELIMINARY EXPERIMENTS: CO-
TRANSFECTION AND VECTOR EXPRESSION 

ASSAYS

(dSaCas9)

(s
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N
A)

à FACS:	cotransfected cells are	in	the	top	right	
side	of	the	graph and	they are	88,52%	of	the	
total amount of	HSC.
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à qRT-PCR:	TERC expression in	
HSC	is significantly increased after
AAV9-dSaCas9	+	AAV9-sgRNA



à Pull	down	assay:	exogenous TERC	is
able to	interact with	TERT

AAV9-empty  AAV9-mTERC

TERT
Tubulin

HSC		

IN VITRO: TERC-TERT INTERACTION
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à TRAP	assay: telomerase activity	is
increased in	treated cells

HSC	TERC+/-

Adapted	from:	Christian	B.	et	al.	Bloodjournal (2018).	



à FlowFish analysis:	TERC	overexpression rescues telomere length.

HSC	TERC	+/- HSC	AAV9-TERC

WT	HSC
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IN VITRO: TELOMERE LENGTH ANALYSIS

Brody	H.	et	al.	BMC	Genomics	(2016).	



à qFISH:	AAV9-dSaCas9	+	AAV9-sgRNA	increase telomere length,	compaired to	the	empty vector.

IN VITRO: TELOMERE LENGTH ANALYSIS

AAV9-dSaCas9	+	AAV9-sgRNAAAV-empty

Adapted	from:	Christian	B.	et	al.	Bloodjournal (2018).	
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IN VIVO: LOCALIZATION AND TRANSDUCTION

à Immunoistochemistry:	the	analisys with	AAV9-GFP	reporter	showed	the	highest	
transduction	level	in	bone	middle	regions.
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Adapted	from:	Blasco et	al.,	Blood,	2016



IN VIVO: TERC EXPRESSION AND TELOMERASE 
ACTIVITY

à qRT-PCR:	TERC	 expression is
significantly increased in	treated mice
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à TRAP	assay: telomerase activity	is
increased in	treated mice

AAV9-dSaCas9	+	AAV9-sgRNA
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IN VIVO: TERC OVEREXPRESSION INCREASES 
SURVIVAL WITHOUT INCREASING CANCER

à Survival	curves:	the	treatment	
significantly	rescues	mouse	survival.

à Pathological	analysis:	of	all	mice	under	
treatment	at	their	time	of	death.	Treated	mice	
of	both	age	groups	did	not	show	increased	
cancer	incidence	compared	to	the	controls.	
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Adapted	from “Blasco et	al.,	Blood,	2016.
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IN VIVO: HUMAN ENDPOINT BLOOD COUNTS 

à Count:	AAV9	
treatment	improves
blood counts in	mice
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PITFALLS AND SOLUTIONS

Conditional	genome	editing	with	light-inducible	
or	chemical-inducible

OFF	TARGETS	EFFECTS

Guide	RNA	target	with	2	G	at 5’

Codelivery of	DNA	decoy

AAV-9	IMMUNOGENICITY

Empty	capsid	mutants	can	be	used	as	decoys	to	
overcome	pre-existing	humoral	immunity	by	
adsorbing	antibodies	in	the	bloodstream	upon	
systemic	delivery	of	both	empty	and	functional	AAVs1

The	AAV	capsids	can	be	genetically	engineered	or	
mutated	to	reduce	the	binding	affinity	and	the	
neutralizing	effects	of	AAV	antibodies

IMMUNE	RESPONSE	DUE	TO
PROLONGED	EXPRESSION	OF	CAS9



MATERIAL AND COSTS
MATERIAL COST

293(E1)	CELLS	(Cell	Biolab) 350$	(every 10	alla	6	
cells)

AAV-GFP	CONTROL	VECTOR	(Cell	Biolabs)	 395$	(every 10μg	+	
delivery	costs)

AAV	trasduction kit	50	reactions (Antiboies-online.com) 1005	$

AAV-CMV-Null Titer :	1x1013	GC/ml- (Vector Biolabs) 5662	$

Stemline hematopoietic stem cell expansion medium	(Sigma	Aldrich) 268	$

FiSH Tag	DNA	multicolor kit,	Alexa Fluor dye combination	(Thermo Fisher) 752	$

RT-PCR,	Western	Blot,	IF,	IP,	Biochemical assays (e.g.	Abcam Ab	200	
390	$	every 100	μl,	
Ab	66601	380	$	
every 100	μl)

PCR	purification +	sequencing (Biofab research) 15.11	$	(per	sample)

Plastic 1500	$	(per	year)

Stabulation 800	$	(per	month)

TRAP	kit 300	$

(We	excluded	instruments	and	materials	that	can	be	possibly	collected	thanks	
to	collaboration	with	medical	department)

TOTAL	COST:	6821,11$
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