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1.	Lay	Abstract	of	the	project	and	its	achievements	(~	300	words)	
Progressive	 supranuclear	 palsy	 (PSP)	 is	 one	 of	 at	 least	 13	 neurodegenerative	 diseases	 classified	 as	 a	
tauopathy,	which	are	named	after	the	protein	tau	that	forms	insoluble	deposits	in	brain	tissue.		These	13	
tauopathies	 currently	 affect	 more	 than	 5.5	 million	 Americans.	 As	 of	 today,	 there	 is	 potential	 for	
investigation	 into	 the	 cell’s	methods	of	 clearing	 these	 tau	 aggregates.	However,	 little	 is	 known	about	
how	human	neurons	regulate	clearance	in	response	to	an	abnormal	buildup	of	tau	protein,	and	this	is	in	
part	due	to	the	difficulty	in	recreating	the	complex	nature	of	tauopathies	in	mouse	brain	or	in	common	
cell	 culture	models.	 The	 original	 goal	 of	 this	 project	 was	 to	 develop	 and	 test	 a	 new	 set	 of	 tools	 for	
ultimate	use	in	human	induced	pluripotent	stem	cell	(iPSC)	lines	derived	from	tauopathy	patients.	These	
tools	will	ultimately	aid	in	the	study	of	the	molecular	mechanisms	of	tauopathy	by	allowing	for	inducible	
and	 reversible	 regulation	 of	 expression	 of	 any	 gene	 in	 the	 human	 genome	 –	 coding	 or	 non-coding.	
Throughout	 this	 summer	 research	 project,	 we	 designed,	 cloned,	 and	 tested	 the	 iCRISPRi	 (inducible	
CRISPR	 interference)	 and	 iCRISPRa	 (inducible	 CRISPR	 transcriptional	 activation)	 tool	 sets	 in	 a	 human	
embryonic	 kidney	 (HEK293)	 cell	 line.	 This	 involved	 the	 cloning	 and	 assembly	 of	 the	 individual	
components,	 as	 well	 as	 integration	 for	 these	 tools	 into	 the	 AAVS1	 locus	 using	 a	 dual	 nickase	
CRISPR/Cas9	gene	editing	approach,	and	subsequent	testing	of	these	iCRISPRi/a	tools	at	several	genomic	
loci.	These	tools	were	then	tested	for	inducibility,	toxicity,	and	regulation	of	target	gene	expression	by	
RT-qPCR.	 The	 outcome	 of	 this	 study	 was	 the	 crucial	 understanding	 that	 these	 tools	 likely	 require	
multiple	sgRNA	target	sites	per	gene	to	effectively	regulate	gene	expression.	
	

2.	Statement	of	the	major	achievements	and	progress	made	towards	

the	achievement	of	originally	stated	aims	and	milestones.		
	
Original	Specific	Aims:	
Specific	Aim	1:	To	create	an	iCRISPRa	system	by	plasmid	cloning.	
Specific	 Aim	 2:	 To	 stably	 integrate	 the	 iCRISPRa	 system	 into	 the	 AAVS1	 locus	 in	 HEK293t	 cells	 and	
perform	proof-of-concept	studies	through	forced	expression	of	MAPT	in	HEK293t	cells.	
	
Major	Achievements:	Four	novel	plasmids	were	successfully	constructed	throughout	the	funding	period.	
We	 are	 currently	 testing	 these	 plasmids	 and	 stably	 integrating	 plasmids	 1	 and	 2	 into	HEK293	 cells	 to	
generated	 these	 cell	 lines	 as	 novel	 tools.	 These	 are	 listed	 below	 as	 linear,	 and	 only	 highlighting	 the	
relevant	 elements	 of	 the	 plasmid.	 Other	 elements	 include	 a	 bacterial	 origin	 of	 replication,	 bacterial	
antibiotic	 resistance	 gene	 (e.g.	 AmpR),	 and	 restriction	 sites.	 LHA	 =	 left	 homology	 arm;	 RHA	 =	 right	
homology	arm;	TRE3G	=	3rd	generation	tetracycline	response	element	promoter;	Tet3G	=	3rd	generation	
reverse	tetracycline	controlled	transactivator;	T2A	=	cleavable	linker;	BSD	=	blasticidin	resistance	gene;	
PuroR	 =	 puromycin	 resistance	 gene;	 pA-PuroR-T2A-SA	 =	 puromycin	 resistance	 gene	 with	 polyA	 tail,	
cleavable	 linker	 and	 in-frame	 coding	 sequence;	 dCas9-KRAB	 =	 dCas9	 fusion	 for	 transcriptional	
repression;	dCas9-VP64	=	dCas9	fusion	for	transcriptional	activation;	EGFP	=	enhanced	green	fluorescent	
protein.	A	visual	schematic	of	the	plasmids	is	shown	below	the	written	description.	
	

1) Transcriptional	 Repressor:	 5’-AAVS1_RHA-dCas9-KRAB-T2A-EGFP-TRE3G-pA-PuroR-T2A-SA-
AAVS1_LHA-3’	 This	 plasmid	 was	 constructed	 in	 the	 AAVS1	 donor	 vector	 and	 allows	 for	
expression	of	dCas9-KRAB	and	EGFP	from	the	tetracycline	response	element	promoter	(Tet-On)	
in	the	presence	of	tetracycline	or	doxycycline.	To	prevent	leakage	from	the	transcription	off	of	
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an	endogenous	AAVS1	promoter-like	feature,	we	reversed	the	direction	of	the	TRE3G-EGFP-T2A-
dCas9-KRAB	elements,	so	that	endogenous	promoter	activity	would	be	minimized.	The	presence	
of	 the	 SA-T2A-PuroR-pA	 element	 allows	 for	 puromycin	 selection	 of	 correctly	 edited	 cells.	 The	
presence	of	the	T2A	linker	between	EGFP	and	dCas9-VP64	allows	for	expression	of	soluble	EGFP	
at	a	1:1	ratio	with	dCas9-KRAB.	This	is	a	convenience	feature,	which	will	allow	us	to	determine	
(by	plate	reader	or	fluorescence	microscopy)	whether	TRE3G	promoter	activity	was	successfully	
induced	upon	treatment	with	tetracycline	or	doxycycline.	This	plasmid	does	not	contain	the	rtTA	
(reverse	 tetracycline	 controlled	 transactivator),	 which	 is	 necessary	 (in	 the	 presence	 of	
tetracycline	or	doxycycline)	to	activate	transcription	from	the	TRE3G	promoter.	The	rtTA	(a.k.a.	
Tet3G)	 is	 supplies	 on	 the	 pLizzard	 plasmid,	 adding	 an	 additional	 safeguard	 against	
undesired/accidental	transcriptional	activation.	

2) Transcriptional	 Activator:	 5’-AAVS1_RHA-dCas9-VP64-T2A-EGFP-TRE3G-pA-PuroR-T2A-SA-
AAVS1_LHA-3’	 This	 plasmid	 was	 constructed	 in	 the	 AAVS1	 donor	 vector	 and	 allows	 for	
expression	of	dCas9-VP64	and	EGFP	from	the	tetracycline	response	element	promoter	(Tet-On)	
in	the	presence	of	tetracycline	or	doxycycline.	To	prevent	leakage	from	the	transcription	off	of	
an	endogenous	AAVS1	promoter-like	feature,	we	reversed	the	direction	of	the	TRE3G-EGFP-T2A-
dCas9-VP64	elements,	so	that	endogenous	promoter	activity	would	be	minimized.	The	presence	
of	 the	 SA-T2A-PuroR-pA	 element	 allows	 for	 puromycin	 selection	 of	 correctly	 edited	 cells.	 The	
presence	of	the	T2A	linker	between	EGFP	and	dCas9-VP64	allows	for	expression	of	soluble	EGFP	
at	a	1:1	ratio	with	dCas9-VP64.	This	is	a	convenience	feature,	which	will	allow	us	to	determine	
(by	plate	reader	or	fluorescence	microscopy)	whether	TRE3G	promoter	activity	was	successfully	
induced	upon	treatment	with	tetracycline	or	doxycycline.	This	plasmid	does	not	contain	the	rtTA	
(reverse	 tetracycline	 controlled	 transactivator),	 which	 is	 necessary	 (in	 the	 presence	 of	
tetracycline	or	doxycycline)	to	activate	transcription	from	the	TRE3G	promoter.	The	rtTA	(a.k.a.	
Tet3G)	 is	 supplies	 on	 the	 pLizzard	 plasmid,	 adding	 an	 additional	 safeguard	 against	
undesired/accidental	transcriptional	activation.	

3) pLizzard-LV:	 5’-U6-sgRNA-EF1alpha-Tet3G-T2A-BSD-pA-3’	 This	 plasmid	 contains	 additional	
elements,	 such	 as	 the	 5’	 and	 3’	 LTRs	 that	 would	 be	 necessary	 for	 packaging	 into	 a	 lentiviral	
particle	 when	 expressed	with	 appropriate	 envelope	 and	 packaging	 genes.	 Plasmid	 contains	 a	
2kbp	insert	that	is	to	be	removed	by	BsmBI	digestion	prior	to	insertion	of	20bp	target	sequence.	
The	 plasmid	 was	 cloned	 into	 the	 pLV	 plasmid	 backbone	 and	 is	 approximately	 12kbp.	 This	
plasmid	 contains	 the	U6	 promoter,	which	 drives	 RNA	 expression	 in	mammalian	 cells	 and	 the	
scaffold	for	the	sgRNA	with	a	convenient	cloning	locus	that	is	flanked	by	BsmBI	restriction	sites	
for	 facile	 cloning	 of	 the	 target	 sequence.	 The	 plasmid	 also	 contains	 the	 EF1alpha	 promoter,	
which	is	well	tolerated	by	most	human	cell	types	and	drives	expression	of	the	rtTA	(a.k.a.	Tet3G)	
and	the	blasticidin	resistance	gene.	The	T2A	 linker	allows	expression	at	1:1	ratio	of	Tet3G	and	
BSD,	therefore	we	can	use	blasticidin	to	select	for	cells	that	are	capable	of	inducing	expression	
(in	 the	presence	of	 tetracycline	or	doxycycline)	off	of	 the	TRE3G	promoter.	Using	 this	 system,	
the	only	cells	that	will	be	capable	of	expressing	the	sgRNA	and	the	dCas9-VP64	or	dCas9-KRAB	
components	will	be	those	that	contain	both	the	AAVS1-integrated	dCas9-fusion	and	the	pLizzard	
plasmid.	

4) pLizzard-EZ:	 5’-U6-sgRNA-EF1alpha-Tet3G-T2A-BSD-pA-3’	 This	 plasmid	 does	 not	 contain	
elements	 for	 packaging	 into	 a	 lentiviral	 particle	 and	 is	 much	 smaller	 (approximately	 7.5kbp),	
though	 it	 does	 contain	 the	 2kbp	 insert,	 which	must	 be	 removed	 by	 BsmBI	 digestion	 prior	 to	
insertion	of	 the	 20bp	 target	 sequence.	 This	 plasmid	was	 constructed	 in	 the	pUC19	backbone,	
which	we	had	to	modify	to	remove	two	BsmBI	restriction	sites	from	the	plasmid	backbone.	This	
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plasmid	 contains	 the	U6	 promoter,	which	 drives	 RNA	 expression	 in	mammalian	 cells	 and	 the	
scaffold	for	the	sgRNA	with	a	convenient	cloning	locus	that	is	flanked	by	BsmBI	restriction	sites	
for	 facile	 cloning	 of	 the	 target	 sequence.	 The	 plasmid	 also	 contains	 the	 EF1alpha	 promoter,	
which	is	well	tolerated	by	most	human	cell	types	and	drives	expression	of	the	rtTA	(a.k.a.	Tet3G)	
and	the	blasticidin	resistance	gene.	The	T2A	 linker	allows	expression	at	1:1	ratio	of	Tet3G	and	
BSD,	therefore	we	can	use	blasticidin	to	select	for	cells	that	are	capable	of	inducing	expression	
(in	 the	presence	of	 tetracycline	or	doxycycline)	off	of	 the	TRE3G	promoter.	Using	 this	 system,	
the	only	cells	that	will	be	capable	of	expressing	the	sgRNA	and	the	dCas9-VP64	or	dCas9-KRAB	
components	will	be	those	that	contain	both	the	AAVS1-integrated	dCas9-fusion	and	the	pLizzard	
plasmid.	

	
Schematic	Diagram	AAVS1-dCas9-Fusion	Plasmids:	

	
	
Schematic	Diagram	of	pLizzard	Plasmids:	

	
	

3.	List	of	results	(positive	and/or	negative)	considered	significant	
	
We	 successfully	 generated	 two	HEK293t	 stably-integrated	 lines,	 one	with	 ICRISPRi	 tools	 and	one	with	
iCRISPRa.	These	tools	were	then	tested	throughout	the	semester	in	our	BIOL410	Cell	Biology	course,	in	
which	students	targeted	10	different	genes	and	then	 looked	at	GFP	expression	(indicates	activation	of	
iCRISPRi/a	tools),	cell	viability,	and	transcript	levels	of	the	target	genes	with	these	tools.	
	
Summarizing	 the	experiments	of	17	groups	of	 students,	 there	were	 some	positive	and	 some	negative	
results.	
	
Positive:	the	pLizzard-LV	and	pLizzard-EZ	plasmids	are	easy	to	work	with,	cloning	was	rapid,	facile,	and	
successful,	and	transfection	was	efficient	with	either	plasmid.	We	were	able	to	induce	expression	of	the	
iCRISPRi	or	 iCRISPRa	tools	 in	the	presence	of	the	pLizzard	plasmid	and	10ug/ml	doxycycline,	measured	
by	GFP	fluorescence	microscopy	and	using	a	microplate	reader-based	GFP	fluorescence	assay.	However,	
we	only	noted	about	10-20%	of	the	population	expressed	GFP.	We	used	the	following	criteria	for	design	
of	sgRNAs:	for	iCRISPRi,	the	sgRNA	had	to	fall	on	the	plus	or	minus	strand	between	0	to	+500nt	from	the	
transcriptional	start	site	(TSS);	for	iCRISPRa	the	sgRNA	had	to	fall	on	the	plus	strand	between	-500	and	0	
relative	to	the	TSS.	We	designed	and	tested	individually	these	guides	for	their	ability	to	target	iCRISPRi	
or	 iCRISPRa	 to	 the	 desired	 locus	 and	 regulate	 gene	 expression.	 Results	 indicated	 that	 there	 was	
variability	in	the	effectiveness	of	gene	regulation.	
	

AAVS1	
Left	Homology	Arm SA-T2A-PuroR-pA AAVS1	

Right	Homology	Arm

dCas9-KRAB
or

dCas9-VP64
T2A EGFP TRE3G

sgRNA T2A BSDTet3GU6 EF1α pA
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Negative:	 (i)	 Using	 the	 GFP	 fluorescence	 microscopy	 or	 microplate	 reader-based	 measurements,	 we	
only	 saw	 induction	 of	 GFP	 expression	 in	 10-20%	 of	 cells	 (though	 it	 was	 robust	 in	 those	 cells).	 These	
results	 suggest	 that	 we	 may	 need	 to	 subclone	 these	 lines.	 	 (ii)	 As	 a	 general	 outcome,	 there	 was	
variability	 in	 the	 effectiveness	 of	 gene	 regulation	 with	 these	 tools.	 Many	 of	 the	 sgRNAs,	 delivered	
individually,	did	not	effectively	regulate	gene	expression	as	desired,	despite	using	these	design	criteria.	
This	may,	 in	part,	have	been	due	 to	 inefficient	expression	of	 the	 iCRISPRi/a	 tools	and/or	 toxicity	 from	
doxycycline	at	the	concentration	we	used.	This	may	also	be	related	to	the	design	of	these	tools:	since	we	
stably	 integrated	 the	 tools	at	 the	AAVS1	 locus,	 there	are	only	 two	copies	available	 for	expression	and	
one	may	be	silenced	 if	 that	chromosome	 is	 inactive.	This	 is	unlike	a	 system	 in	which	many	copies	are	
randomly	integrated	into	the	genome	using	a	lentivirus	or	where	many	copies	of	a	plasmid	are	available.	
On	 top	 of	 this,	 delivering	 only	 one	 sgRNA	 targeting	 the	 gene	 of	 interest	may	 be	 inefficient.	 A	 recent	
publication	(Gilbert	et	al.,	2014)	used	10	sgRNAs	per	gene	in	similar	system	(without	stable	integration	
at	the	AAVS1	locus)	and	saw	effective	regulation	of	gene	expression.	Based	on	the	outcome	of	the	past	
few	months	using	these	tools,	 it	 is	 likely	that	combined	use	of	several	 (up	to	10)	sgRNAs	to	target	the	
TSS	 of	 each	 gene	 may	 be	 a	 more	 effective	 mechanism	 for	 regulation	 of	 target	 gene	 expression	 (in	
combination	with	subcloning	of	these	HEK293t	lines).		We	will	test	this	approach	in	the	coming	months	
in	the	subcloned	lines,	before	moving	into	human	iPSCs	with	these	tools.	

4.	Brief	recap	regarding	amendments	to	the	original	work	plan	(if	

applicable)	and	its	rationale;	short	summary	of	any	delays,	scientific	

problems	and	their	solutions		
	
The	 original	 scope	 of	 the	 work	 would	 have	 been	 appropriate	 for	 a	 summer	 project,	 however	 some	
hurdles	were	met	in	the	cloning	process.	We	used	Hifi	Assembly	(similar	to	Golden	Gate	assembly,	but	
supposed	to	be	higher	fidelity)	to	ligate	the	cloned	segments	together.	This	meant	making	PCR	products	
or	restriction	products	with	overlapping	ends	then	ligating	4	products	together.	For	construction	of	the	
pLizzard	 plasmids,	 this	was	 straightforward	 and	worked	 quite	 effectively.	 However,	when	 ligating	 the	
iCIRSPRi	and	 iCRISPRa	products	together,	we	mysteriously	 lost	 fragments	at	the	5’	end	of	some	of	the	
inserts.	It	took	several	weeks	of	screening	plasmids	to	find	the	correct	inserts,	which	we	then	used	for	
these	studies.	Since	the	construction	of	these	plasmids	required	putting	together	all	parts	in	frame	with	
a	2A	 linker,	 so	 that	cells	would	be	puromycin	resistant,	 this	was	a	critical	 step.	The	process	of	cloning	
and	then	transfecting	and	selecting	the	HEK293t	 lines	consumed	the	entire	summer	project	period	for	
Ben.	
	
We	extended	the	work	after	Ben	left	the	lab	by	using	and	testing	these	tools	in	our	BIOL410	Cell	Biology	
lab	course.	This	allowed	us	to	see	how	these	tools	worked	across	multiple	protein	coding	genes,	in	many	
different	hands,	and	a	to	assess	many	different	sgRNAs	across	those	genes.	Results	largely	showed	that	
we	(a)	need	to	subclone	these	lines	and	(b)	will	need	to	use	multiple	(5-10)	sgRNAs	per	gene	in	order	to	
more	effectively	regulate	target	gene	expression.	

5.	Complete	list	of	publications	and	other	research	communications	

(in	which	CurePSP’s	support	was	acknowledged,	e.g.	posters,	

newspapers,	or	talks)	
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Products:	
	
Publications	
No	formal,	peer-reviewed	publication	has	been	submitted,	however	we	anticipate	that	this	work	will	be	
included	 in	 a	 submission	 for	 formal	 publication	 within	 18	 months.	 Most	 submitted	 abstracts	 will	 be	
published	as	part	of	the	meeting	proceedings.	
	
Abstracts	submitted	for	2017-18	conferences:	
	
Blumenshine,	D*,	Valencia,	S,	Steele,	JW.	CRISPR-induced	overexpression	of	HTT	as	a	cellular	model	of	
Huntington’s	 disease.	 Annual	 Biomedical	 Research	 Conference	 for	 Minority	 Students	 (Phoenix,	 AZ).	
November	2017	(and	CurePSP	conference)	
	
Valencia,	 S*,	 Nisson,	 H,	 Kraff,	 A,	 Steele,	 JW.	 Development	 of	 novel	 HEK293	 cellular	 models	 of	
Huntington’s,	 NPC1,	 and	 NPC2	 diseases	 using	 CRISPR	 gene	 engineering	 and	 inducible	 CRISPR	 gene	
regulation.	 Annual	 Biomedical	 Research	 Conference	 for	 Minority	 Students	 (Phoenix,	 AZ).	 November	
2017	(and	CurePSP	conference)	
	
Woodruff,	B*,	Tomaske,	M*,	Reynaga,	L,	Jones,	E,	Laux,	R,	Steele,	JW.	Development	of	inducible	CRISPR	
interference	 and	 transcriptional	 activator	 tools	 to	 probe	 degradative	 pathways	 in	 cellular	 models	 of	
progressive	supranuclear	palsy.	CurePSP	International	Research	Symposium	(San	Francisco,	CA).	October	
2017.	
	
Reynaga,	 L*,	 Tomaske,	 M,	 Woodruff,	 B,	 Jones,	 E,	 Laux,	 R,	 Steele,	 JW.	 Development	 of	 lentivirus	
packagable	and	transient	expression	sgRNA	delivery	plasmids	for	use	with	inducible	CRISPR	interference	
and	 transcriptional	 activator	 tools	 in	 immortalized	 and	 iPSC	 cell	 lines.	 CurePSP	 International	 Research	
Symposium	(San	Francisco,	CA).	October	2017.	
	
Martinez,	M*,	Anthony,	K,	Zalusky,	E,	Steele	JW.	Endogenous	insertion	of	the	mCherry	coding	sequence	
into	 the	MAPT	 gene	of	HEK293	and	human	 iPSC	cell	 lines	using	CRISPR	genome	engineering.	CurePSP	
International	Research	Symposium	(San	Francisco,	CA).	October	2017.	
	

6.	Patents	and	other	outcomes	with	impact	on	the	field	of	

tauopathies	(if	applicable)	
	
We	have	developed	and	will	make	 available	 these	 tools	 for	 the	 tauopathy	 community,	 once	we	have	
validated	the	tools.	

6.	Comments	
	
This	was	an	ambitious	project	for	a	summer	project,	which	resulted	in	the	production	and	testing	of	new	
tools.	Ultimately,	we	still	have	work	to	do	on	these	tools	before	we	can	use	them	for	iPSC-based	genetic	
screens.	We	are	actively	working	to	move	forward	with	this	and	related	projects	that	will	employ	these	
tools.	We	hope	to	have	a	more	reliable	system	in	place	in	the	lab	for	other	projects	in	the	near	future.	
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Results:	Expression	of	Integrated	
Constructs	 into	 293T	cells	
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Background and Summary
Neur odege nera tion affect mi ll io ns of ind ividua ls ar ound the wor ld. The re is a

plet hor a of neu rodegene rat ive d isease that occur thr oug h the loss or det eriorat ion of
cells wit hin t he bra in o r t he per iphera l nerv ou s syst em. Th is d amage is ca use d by a
cascade of dy sfunct ion on a m olecu lar level. The term “ne ur odege nera tive d isease”
encompasses many ty pes of d isease s such a s Alzhe imer ’s d isea se , Pa rkinson ’s disease,
and Pr ogre ssive Supra nuclear Pa lsy ( PSP). The cau se s of these disea se or ig inate f rom a
combination of bot h g enet ic m utat ions and env ironmen tal stre ssor s. These fact ors may
combine andaccumulate , pre sen ting deb il itat ing sympt oms late r in l ife. Althoug hg reat
stride s have been take n to re sea rch the se d isease s ,c ure s do not exist and treatment is
limited to symptom management.

Due to t he mu lt i-or igin causes of the se d isease s , ne urodege nerat ion ha s pr oved
difficu lt to study. Re searc h has ma in ly foc use d on an ima l a nd human models of the
diseases , wh ich makes fo r lim ite d a bi lity t o ma nipu late var iab les on t he cellular a nd
molecu lar leve l. In this p ro ject we create d an inducible g ene e dit ing pla tform that
allows for t he activ ation (dCas9-VP64) or inh ibi tion (dCas9-KRAB) of a ge ne of inte rest.
These const ructs were p roduced u sin g H igh Fid el ity G ib son Assem bly (Hif i Assem bly)
between two insert s and a n AAVS1 donor pla smid. Once the const ruct was creat ed , we
use d CRISPR/Cas9 ed it ing to integra te it int o the AAVS1 safe ha rbo r locu s of H uman
Embryonic K idney 293T (HEK293T) ce ll s. O nce f ina l pr oofs of concept have bee n shown,
the same p latf orm wil l be tran si tione d int o induced p lur ipoten t stem cel ls (iPSC s). These
cells ca n be made eas ily by rep rogr amming cel ls f rom a skin b iop sy. If dona ted f rom a
patie nt suffer ing fr om a ge net ic disea se, it wi ll a llow f or the st udy of a spec ific d ise ase
type. T he p lur ipote nt nat ure of iPSC s also a llows for differ ent iat ion int o ne ura l ce ll
types. Us ing our con str uct, wh ich al lows fo r t he pr ob ing and modulation of ge net ic
pathways , coupled wit h an in vitr o model of hum an ne ur on s and g lia wi ll imp rove
researcher’s ability to study neurodegeneration in a novel capacity.

(B)

Results:	Confirmation	 of	Assembled	 Plasmid	 Constructs	

Figur e 2. (A) P CR amp lif ication of
Righ t hom ology a rm/TRE ove rla pp ing
region to conf irm corr ect a ssemb ly.
The ex pected lengt h is 30 0 bp wh ich
can be see n. ( B) D oub le re str iction
dige stion of VP6 4 a nd KRAB
tran sform ed DH5-a lpha cel ls w ith
Sma1 and Sa l1. T he ex pected lengt hs
of successf ul c onstruct s ar e ~5 000 bp
and ~8 000 bp a s se en in wel ls 3, 4, 5 ,
and 6. The se add up to the tota l of
12.4 kbp expected le ngth for both of
the VP64 a nd KRAB. We lls 1 and 2 are
seen to have the same length in ser ts
as the contr ol wel l whic h is t he
dige ste d AAVS 1 donor p lasmid t hat
has not g one thr oug h HiF i assem bly
with the inserts.

Figur e 3. ( A) GF P/Brig ht f ield ov erlay im ages of
HEK293 T ce ll s 24 hour s aft er tra nsfect ion with
AAVS1- targe ted px46 1 pla sm id and HiF i
assembled AAVS1 donor p lasmid. (B) GFP /Brig ht
field over lay image s of H EK2 93t cel ls 24 hour s
after tran sfection wit h pLizzar d pla sm id
containing non-targeting sgRNA and rtTA.

Conclusion
● Amplification	of	~300	bp	fragment	(Figure	2A)	indicates	HiFi	assembly	was	
successful

● Wells	3,	4,	5,	and	6	(Figure	2B)	of	digested	constructs	sum	to	expected	lengths	
suggesting	successful	assembly

● Green	fluorescence	(Figure	3A)	indicates	transfection	with	dual	nickase	plasmid	
(px461)	was	successful	

● Live	cells	after	puromycin	selection	(Figure	3B)	indicate	successful	integration	of	
iCRISPRi/a	plasmids	

● Green	fluorescence	(Figure	3B)	indicates	expression	of	GFP	and	dCas9	cassettes
● Low counts of GFP-expressing cells (Figure 3B) show poor transfection rates of
pLizzard plasmid.

● Repeat	transfection	with	higher	concentration	of	pLizzard	plasmid
● Validate	inducible	dCas9	mediated	activation	and	inhibition	
● Replicate	integration	system	in	iPSCs
● Generate	neuronal	cell	types	as	models
● Use	inducible	gene	modulation	to	study	disease	pathways

(A)

(B)

(A)
(B)

(C)

(D)

pLizzard

Figure 1. Construction of iCRISPRi/a Tools.
A. Inserts	were	PCR	amplified	and	assembled	into	the	AAVS1	donor	plasmid	using	Hifi	assembly.	The	first	insert	contains	a	

TRE	promoter	region	followed	by	a	Kozak	sequence,	GFP,	and	a	linker.	This	was	assembled	upstream	of	the	second	insert	
containing	dCas9	conjugated	with	VP64	(activator)	or	KRAB	(inhibitor). 	The	AAVS1	donor	plasmid	contains	left	and	right	
homology	arms	which	are	necessary	for	Homology	Directed	Repair	(HDR).

B. The	assembled	AAVS1	donor	plasmid	was	transfected	into	HEK293T	cells	along	with	px461	plasmid	containing	puromycin	
resistance,	GFP	and	Cas9	nickase.	Nickase	activity	triggers	HDR	which	is	guided	by	homology	arms.	

C. GFP	expression	will	indicate	transcription	of	the	dCas9	cassette	and	cells	will	fluoresce	green.	Adding	puromycin	to	the	
culture	medium	will	select	only	for	the	cells	that	have	uptaken	and	integrated	the	dCas9	cassette.	The	TRE	promoter	
requires	the	transactivator	rtTa	and	doxycycline	in	order	to	express	. 	Transfection	of	pLizzard	plasmid	containing	sgRNA	
and	rtTa	as	well	as	adding	doxycyline	to	the	media	will	induce	translation	and	therefore	expression	of	the	integrated	
cassette.

D. To	assess	whether	inducible	activation	or	inhibition	is	successful,	an	assay	measuring	relative	mRNA	or	protein	levels	is	
required.	qPCR	can	measure	relative	mRNA	expression	and	Western	Blot	can	measure	protein	content.	

(A)

(B)

300 kb



Development of Two Facile Vectors For Use With Stable, 

Inducible CRISPR/Cas9
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Background and Summary

Progressive supranuclear palsy (PSP) is a devastating disease with 
no cure and little understanding of the mechanism that drives its molecular 
pathogenesis. The existence of this gap in knowledge makes it difficult to 
develop PSP disease models, as well as to develop effective therapies for 
PSP. PSP is characterized by neurodegeneration thought to be caused by 
abnormal accumulation of the protein tau in both neurons and glial cells. In 
order to address the molecular pathogenesis of tauopathy in neurons and 
glial cells, our lab developed and tested a modern set of molecular genetics 
tool. Our lab constructed and used standard, homology-directed repair-
based CRISPR/Cas9 genome engineering to insert TRE-EGFP-T2A-dCas9-
KRAB (transcriptional repressor; iCRISPRi) or –VP64 (transcriptional 
activator; iCRISPRa) tools into the AAVS1 safe harbor locus of human cell 
lines, including HEK293t lines (see accompanying poster from Woodruff and 
Tomaske). However, we lacked effective tools for reversible and inducible 
regulatory control of expression, if we plan to use these tools for genetic 
screens and/or screening of molecular pathways in human neurons and glia. 
This summer project involved the development and testing of two facile 
vectors for general use with stably integrated inducible CRISPR/Cas9 tools, 
which we will employ with our iCRISPRi/a tools. We sought to generate a 
sgRNA scaffold and rtTA-containing plasmid that allows for selection of 
sgRNA-continaing cells, tet-on inducibility, and facile cloning and delivery of 
sgRNA libraries. Two virtually identical expression plasmids were generated: 
(1) pLizzard-LV and (2) pLizzard-SM. Both plasmids contain the following 
insert: U6-BsmBI-2kbp insert-BsmBi-sgRNA-EF1a-rtTA-T2A-BSD, allowing 
for digestion with the BsmBI plasmid to generate sticky ends for insertion of 
annealed oligo duplexes. The rtTA-T2A-BSD portion of the plasmid is driven 
by EF1a promoter activity and expresses the reverse tetracycline 
transactivator (rtTA; Tet-On) and the blasticidin resistance gene at 1:1 ratio 
due to the T2A cleavable linker. The pLizzard-LV plasmid also contains 
elements necessary for packaging into lentiviral particles (e.g. D5’ LTR, P, 
RRE, cPPT, WPRE, DU3/3’ LTR), whereas the pLizzard-SM plasmid is 
constructed for facile transient transfection in the pUC19 vector backbone. 
Our preliminary results indicate that we are able to successfully culture, 
purify, digest, and clone sgRNA duplexes into either plasmid, and that 
transfection of the sgRNA-containing plasmid into HEK293t cells containing 
either iCRISPRi or iCRISPRa machinery is sufficient, in the presence of 
doxycycline, to induce expression of the dCas9-fusion and EGFP. On-going 
studies in the lab and in the Cell Biology course at HSU seek to investigate 
whether iCRISPRa-induced expression of MAPT gene products is sufficient 
to reduce cellular viability and signal activation or disruption of the 
macroautophagy and ubiquitin proteasome system (see accompanying 
poster from Martinez). This should ultimately advance the understanding 
of PSP and treatment development options, as well as have the potential to 
be applied to more common tauopathy related human cellular models of 
neurodegenerative diseases.

Conclusions

• We were able to successfully culture, purify, digest, and clone 
sgRNA duplexes into either plasmid.

• We were able to determine that transfection of the sgRNA-
containing plasmid into HEK293t cells containing either iCRISPRi
or iCRISPRa machinery is sufficient, in the presence of 
doxycycline, to induce expression of the dCas9-fusion and EGFP.

• The efficiency and capability of the plasmids will continue to be 
investigated.

• They will also be used to investigate iCRISPRa-induced 
expression of MAPT gene (see accompanying poster from 
Martinez).

• This should ultimately advance the understanding of PSP and 
treatment development options, as well as have the potential to 
be applied to more common tauopathy related human cellular 
models of neurodegenerative diseases.
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Generation of pLizzard-LV and pLizzard-SM

Figure 1. HiFi assembly of pLizzard plasmids. A) HiFi 
Assembly of pLizzard-LV. The pLV-EF1-TET3G-2A-BSD 
plasmid was combined with the PCR amplified BsmBI-U6 
insert. The linear vector and PCR insert are sealed 
together by a polymerase that fills the 3’ overhang gaps 
created by the exonuclease. Double stranded plasmid is 
then directly transformed using the Stbl3 strain in order to 
amplify the suspected pLizzard-LV plasmid. Esp31 
digestion was used to confirm successful ligation of the 
plasmid. B) HiFi Assembly of pLizzard-SM. The pUC19 
backbone was digested with Esp31 and combined with the 
PCR isolated inserts; U6-sgRNA and SV40. The fragments 
were assembled via HiFi assembly and transformed with 
the Stbl3 strain in order to amplify the suspected pLizzard-
SM plasmid. Esp31 digestion was used to confirm 
successful ligation. 

A) B)

A) B)

C)

Figure 2. Confirmation of pLizzard plasmids. A) Esp31 digest of pUC19 and pLizzard-
LV. Well 1 and 2 depict the expected band sizes of ~10 and 2kb indicating successful 
ligation of the pLizzard-LV. Well 3 is a 10kb ladder and well 4 shows the successful 

isolation of the pUC19 backbone for the pLizzard-SM plasmid. B) Digestion of pLizzard-
SM with SmaI and Esp31. From left to right:10kb ladder, SmaI #8, SmaI #9, SmaI #10, 
Esp31 #8, Esp31#10, 10kb ladder. Well 3 and 4 depict the expected band size of about 

7kb that suggests the successful ligation of the pLizzard-SM plasmid. C) GFP/Bright field 
overlay images of HEK293t cells after transfection with  pLizzard (non-targeting) + 

AAVS1-SA-2A-Puro-dCas9-Fusion-T2A-EGFP-TRE Plasmids. pLizzard encodes U6-
sgRNA-EF1a-rtTA-T2A-BSD, allowing for expression of dCas9-fusion proteins in the 

presence of doxycycline.

pLizzard-LV sgRNA/rtTA Plasmid 

sgRNA T2A BSDTet3GU6 EF1α pA

BsmBI	
Site	

BsmBI	
Site	 5’	–	CACCGNNNNNNNNNNNNNNNNNNNN 								-3’	

3’	-	 							CNNNNNNNNNNNNNNNNNNNNCAAA	-5’	

Annealed	Oligos	for	Inser0on	Between	BsmBI	Sites	
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Background and Summary
Niemann Pick Disease Type C1 (NPC1) is a rare lysosomal storage disorder 
that affects 1:150,000 people. The disease is characterized by cholesterol 
accumulation within lysosomes, as well as clinical cognitive decline and 
neurodegeneration. These symptoms can be attributed to a mutation in the 
NPC1 gene that leads to the interruption of the intracellular cholesterol 
transport. Using CRISPR Cas9 technology, the ability to make a cellular 
model with inducible CRISPR gene regulation can give researchers 
considerable insight into the cellular pathology of Niemann Pick Disease 
Type C1 as well as the ability to apply targeted drug therapy and potentially 
lead to drug discovery. We hypothesize that by using bioinformatics, a 
CRISPR cas9 system, and genome editing we will make a functioning 
HEK293 NPC1 cell model with inducible CRISPR gene regulation. To build 
this system, we 1) used online bioinformatics tools to build primers, 2) Hifi 
Assembly of mCherry coding sequence with pUC19 plasmid, 3) utilized 
gene editing technology with the purpose of inserting the mCherry (a 
fluorescent protein) coding DNA sequence into the NPC1 gene and 4) 
inserted the built sequence into HEK 293 cells via CRISPR transfection. 
Preliminary results show a successful build of the DNA sequence insert 
containing the mCherry coding sequence which has been confirmed by 
restriction digest and gel electrophoresis. Once completed the model will be 
tested in the hopes that it will follow the cellular mechanisms that lead to the 
NPC1 cholesterol transporter dysfunction. With the cellular model 
successfully made, and functionality proven, future work will include testing 
the cells for targeted drug therapy.

Fi gur e 7 : NPC 1 a nd co ntr ol ne ur ons
stain ed wit h mit otr ack er . NPC 1 ne ur ons
show an a ccu m ulati on of fr ag m ent ed
mitochondria.

Generation of Endogenously-Tagged mCherry-NPC1 and Inducible CRISPR interference (iCRISPRi) iPSC Lines

My research is focused on constructing a novel HEK 293t cell 
model of Niemann Pick Disease Type C1 utilizing CRISPR/Cas9 
genome editing technology. 
To build a novel cell model, I began my work by successfully 
assembling a plasmid containing the mCherry coding DNA 
sequence. This was done by: 
• Utilized online bioinformatic tools to design primers for 

mCherry (a fluorescent protein), the left and right homology 
arms (sequences flanking the insertion site for homology 
directed repair), and our sgRNA (to target Cas9 to the 
desired locus). 

• We then used the genomic DNA of the HEK293 cells and 
PCR to create and amplify the coding sequence of mCherry 
as well as the Left and Right Homology arms. 

• Hifi assembly of mCherry coding sequence with the left and 
right homology arms into the pUC19 plasmid. The plasmid 
was then transformed into chemically competent E. Coli 
(Stb13 strain), selected, screened, and purified by miniprep. 

Finally, we cloned the sgRNA into the PX462 expression 
plasmid, which carries the Cas9 (D10A) nickase, puromycin 
resistance gene, and sgRNA. 

Objective

Conclusions
There is a successful generation of the endogenously tagged 
mCherry-NPC1 and cloned the sgRNA into the PX462 
expression plasmid. 
The next step in this project will be to transfect the sgRNA/Cas9 
plasmid and homology repair template into HEK293t cells, 
subclone and screen colonies for homozygous insertion of the 
mCherry coding DNA sequence. 
As such we our plan is: 
● To establish clonal homozygous mCherry-NPC1 cell lines.
● To confirm the expression of mCherry- NPC1 at the protein

and transcript levels.
● To determine the effect on cell viabi lity of mCherry-NPC1

tagging.
This is all done in an effort to eventually uti lize this model for
future work in targeted drug therapy.

Results

Figure 2. Design of Endogenousl y- Ta gge d mCherry-NPC1 iPSC Lines for  
Future Study of Regulators of NPC1 Expression in Human Neurons
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Gel Electrophoresis 
Restriction Digest 

Miniprep
Transformation 
Hifi Assembly

Gel Purification
Gel Electrophoresis 
PCR Amplification
Primer Design 

The next steps in this project are: 
• Transfection of Cells and plating for single colony isolation 
• Selection of Single Colony and screening for insertion Clone 

expansion. 
• If successful we will freeze down the lines
• RT qPCR analysis for NPC1 expression 
• Western blot of NPC1
• Cell viability assay

Figure 3. This is an example of generated tetracycline-inducible construct that express anEGFP
reporter and a dCas9-fusion proteins that can be easily and stably integrated at theAAVS1 safe
harbor locus of any human cell line. These dCas9-fusion proteins then recruit transcriptional
repressors (KRAB-dCas9; iCRISPRi; shown above) or transcriptional activators (VP64-dCas9;
iCRISPRa; not shown). These tools can be combinedwith sgRNAs to reversibly target any gene in
the human genome for repression or forced expression.

Methods 

Future Work

Current Model of Autophagy and Lysosomal Dysfunction in NPC1 Disease

Work Done:

Figure 2. Example of iCRISPRi/a Tools
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(A) Amplification of Left and Right 
Homologous Arms

(B) Amplification of mCherry

(C)
Hifi Assembly Colony 2

Hifi Assembly Colony 3

HiFi assembly of mCherry-NPC1 (D) Confirmation of HiFi Assembly 
through Restr iction digest

Figure 4.   Photographs of agarose gels containing nucleic acid fragments separated by gel 
electrophoresis and stained by EtBr. Figure 4 A-D) The fragment size is measured by means of differentiating 
the fragments with 2-Log DNA Ladder (0.1-10.0 kb). Figure 4C contains images of purified and quantified 
plasmid measured via Nanodrop 1000 Spectrophoto met er . Figure 1. Schematic diagram of the autophagy pathway in healthy and 

disease-like cells. Our central hypothesis is that disruption of 
lysosomal proteostasis due to abnormal accumulation of cholesterol 
leads to impaired autophagic turnover of cytotoxic mitochondria 
fragments and protein aggregates.



Development of an endogenously mCherry-tagged MAPT gene in 
human cell lines using CRISPR genome editing
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Background and Summary
Tauopathies are a class of diseases characterized by the 

aggregation of the tau protein in neurons and sometimes glial cells. 
These neurodegenerative diseases will almost always result in a 
traumatic loss of motor function, intellectual capabilities, and death. 
There is a great deal of information on how aggregated tau proteins 
develop dysfunctional neurofibrillary tangles, which are a defining 
characteristic in primary and secondary tauopathies such as 
Progressive Superanuclear Palsy (PSP), Alzheimer’s Disease, and 
Corticobasal degeneration. However, there has been little conclusive 
research into how the regulation of the MAPT gene – the gene that 
encodes the tau protein - differs between affected human cell types 
(e.g. neurons and glia). To fill this knowledge gap, our experiment 
used CRISPR-based gene editing tools to insert the coding sequence 
for a fluorescent protein (mCherry) into the MAPT-gene. This was 
accomplished by creating a plasmid, assembled via Hifi DNA 
Assembly, which contains the mCherry coding sequence directly 3’ to 
the ATG the start codon of  the first coding exon of MAPT. We then 
used dual-nickase CRISPRs to integrate this plasmid into the human 
MAPT gene. As a proof of concept, we will employ our iCRISPRa
(transcriptional activator) tools (see accompanying poster from 
Woodruff and Tomaske) to force expression of MAPT gene products 
in HEK293t cells, which do not typically express MAPT. We will then 
use this system to confirm (1) activation of gene expression using the 
iCRISPRa system; (2) incorporation of the mCherry sequence into 
MAPT gene products (transcripts and protein) and tau protein 
trafficking and cellular localization, turnover, and cytotoxicity. After the 
feasibility of this strategy is confirmed, we plan to integrate these 
components into human induced pluripotent stem cell-derived cell 
types (neurons and glia), which will allow the mCherry protein to act 
as both a reporter for MAPT expression and fusion protein for study 
of MAPT turnover in human cell types affected in PSP. Ultimately, our 
goal is to employ this tool and iCRISPRi/a tools to identify genes that 
regulate expression and degradation of MAPT gene products, and 
allow for the development of therapies to help PSP patients. 

Figure 6: Three HEK 293T cell lines had different
transfection conditions, two of which wer e negative contro ls
(D). The transfection efficiency, determined by the
fluorescent express ion of gmaxGFp was shown to be
highly proficient. A+B guides are Cas9/sgRNA plasmids.

Development of CRISPR Gene Editing Components

Fig. 2. Cas9 addition of desired fragment1

Homology directed repair facilitated by CRISPR genome 
editing
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Future Research

Figure 7: Isolated colonies of the three cel ls cel l
lines were screened using mCherry pr imers,
yield ing a 0.7 kb band, and SET pr imers, yie ld ing a
0.2 kb or 0.9 kb band if the insertion was not
successful or was successful respectively.

Fig. 2. Fully assembled repair template used for 
insertion in homology directed repair.

Transfection of CRISPR Components into HEK 293T Cells

pLizzard-LV sgRNA/rtTA Plasmid 

sgRNA T2A BSDTet3GU6 EF1α pA

BsmBI	
Site	

BsmBI	
Site	 5’	–	CACCGNNNNNNNNNNNNNNNNNNNN 								-3’	

3’	-	 							CNNNNNNNNNNNNNNNNNNNNCAAA	-5’	

Annealed	Oligos	for	Inser0on	Between	BsmBI	Sites	

Targeted ICRISPR Inactivation Construct (KRAB)

Figure 1: Conventional homology directed insertion of desired 
fragment. In step one Cas9 cleaves the DNA causing a double strand 
break (DSB), which creates an opening in step two for endogenous 
systems to insert a fragment of interests forming the fully repaired 
genome with the desired mutation in step three.

Figure 4: This experiment used Cas9 proteins with a 
deactivated cleaving domain, known as nickase’s, 
which create homologous overhangs when utilized in 
pairs.   

Fig. 4. Visualization of Fluorescent tag coding 
sequence, mCherry, using dual nickase CRISPR’s.

Fig. 3. Visualization of Fluorescent tag coding 
sequence, mCherry, added into the MAPT gene. 
Image modified from ‘Tau and Tauopathies’2.

Fig. 5. Visualization of Fluorescent tag coding 
sequence, mCherry, added into the MAPT gene. 
Image modified from ‘Tau and Tauopathies’1.

Cell Line C B A

Guides A+B A+B px462

Template mCherry
Template

pUC19 mCherry
MAPT

Control pmax
GFP

pmax
GFP

pmax
GFP

Fig. 6. Transfection into HEK 293T cells under three 
conditions including two negative controls.

Fig. 7. Screening of colonies under different 
conditions using two primer sets.

• Sanger sequencing of colonies to fully 
determine homozygous insertion

• Activation of the MAPT gene, which is 
unexpressed in HEK 293T cells, to 
demonstrate functionality of activation 
system

• Use RT-qPCR and Western Plot 
analysis to prove accurate induced 
expression of the tau protein

• Insert this CRISPR/Cas9 system into 
neuronal iPSC cells and confirm 
stable expression of tau protein with 
mCherry Promoter

Over the summer, the Steele lab developed a CRISPR 
activation/inactivation system that can be used to 
express or inhibit the expression of a target gene. This 
will be used to force expression of MAPT in cells such 
as HEK 293T cells, which do not express it naturally. It 
can also be used to turn on and off genes that may be 
vital to the tau autophagy or tau overexpression.

Figure 3: Our goal is to insert an mCherry
reporter sequence directly downstream of the 
ATG start codon in the first exon of the MAPT
gene.

Figure 2: We will used Hifi-Assembly to anneal the 
four separate fragments of our repair template 
together into a single plasmid. We will use pUC19 as 
the vector for our plasmid. 

Figure 5: The plasmid found in figure 4 was 
assembled and transformed into E.Coli. 
Screening found the mCherry sequence was 
present in all but three out of 18 samples.

B

C D

A

Cell Line C

Cell Line BCell Line A



Huntington’s Disease 
 A dominant heritable trinucleotide repeat in the huntingtin 

gene, HTT, causes Huntington’s disease (HD) 

 HD presents as psychiatric, 

cognitive, and motor dysfunction 

 HD occurs in 2.71 of 100,000 people 

worldwide1 

 Patients experience steadily 

declining health until death within                   

15-20 years of diagnosis2 

 

 The trinucleotide repeat in HTT exon 1 causing HD, 

CAG, encodes the amino acid glutamine (Q) 

 CAG expansions are also called the polyQ region 

 Trinucleotide expansions of 36 repeats or more code for 

mutant HTT (mHTT), causing HD3 

 CAG repeats are prone to expansion over generations6 

 mHTT demonstrates both loss and gain of function5   

 Wildtype HTT (wtHTT) and mHTT share many cleavage sites4 

 The ubiquitin proteasome and the 

chaperone mediated autophagy pathway each 

only degrade HTT fragments7,8 

 Macroautophagy clears HTT10 

 mHTT simultaneously stimulates and 

inhibits macroautophagy9 

 Macroautophagy induction in vitro reduces 

toxic mHTT fragment buildup11
 

Dixie A. Blumenshine, John W. Steele 
Humboldt State University, Department of Biological Sciences 

CRISPR-Induced Overexpression of Huntingtin as a  
Cellular Model of Huntington’s Disease  

Abstract 
 Huntington’s disease (HD) is associated with CAG trinucleotide repeats in the HTT gene, 
which encodes the huntingtin protein. HD progressively damages patients’ neurological 
function and  causes eventual death earlier in each generation affected. Age of onset has been 
associated with the number of CAG repeats found in the HTT gene. Many attributes of the 
disease-associated mutant repeats in HTT are not yet understood, including how neurons are 
damaged and the role of normal and mutant huntingtin proteins in modifying neuronal 
viability. Our central hypothesis is that overexpression of normal huntingtin, with the 
eventual inhibition of cells’ autophagy pathway or other route of clearance, will lead to a 
disease-like state. In order to address this hypothesis, we are developing a novel human cell 
model that will allow us to assess how excess huntingtin is managed and/or cleared by cells, 
and precisely how cell death occurs upon buildup of huntingtin protein. Overexpression of 
endogenous HTT gene products will be induced using our stably integrated inducible CRISPR 
transcriptional activator (dCas9-VP64 fusion) tools, allowing for transient and reversible 
transcriptional activation of the HTT gene. Using this model as a starting point, it is possible 
to study the response of human cells following overexpression alone or with modifications to 
autophagy pathways to reveal how abnormal expression contributes to cell death. Here we 
report our generation and preliminary characterization of this novel model system for the 
study of HD, which will eventually be utilized in drug discovery applications for this 
neurodegenerative disease.  

Experiment Design 
Hypothesis 

HTT overexpression will lead to a disease-like state 

Method Overview 

 Develop a HTT-mCherry fusion protein 

 A homology repair template assembled on the vector pUC19 

will be used to insert mCherry CDS into the HEK293t cell 

genome 5’ to HTT’s last coding exon 

 Dual nickases are delivered on a Px462 vector and sgRNA on 

the Steele lab-constructed pLizzard vector 

 

 

 

 

 HEK293t insert homozygotes will be cloned and cultured  

 Assess cytotoxicity resulting from HTT overexpression 

 HTT gene product overexpression tools: 

Tetracycline-inducible enzymatically dead Cas9 (dCas9) fused 

to a VP64 activation domain will reversibly induce 

transcriptional activation of HTT  

 mRNA and protein overexpression will be confirmed with 

RT-qPCR and Western blotting, respectively 

 Cell viability will be regularly quantified 

 Autophagy induction 

 Nutrient deprivation will induce macroautophagy 

CRISPR Tool Design 

Essential CRISPR components 

 Cas9 endonuclease carries out the bacterial adaptive immune 

response CRISPR system15 

 Cas9 makes double strand breaks at targeted DNA sequences15 

 A DNA target-complement guide RNA (sgRNA) directs Cas916 

 The protospacer adjacent motif (PAM) confirms non-self DNA, and 

must be included in sgRNA and targeted region14 

 

Results & Discussion 
Summer 2017 was spent trying to 
insert mCherry 5’ to HTT’s first coding 
exon as shown here at subtitle 1. This 
task was challenging and results were 
inconsistent. Difficulties are attributed 
to GC content ≥65% in each of the 
regions targeted by homology arms 

and right homology arm overlap with the notoriously troublesome polyQ region. Current efforts are 
focused on assembling the mCherry homology repair template to target 3’ to the last coding exon for 
mCherry expression at the C-terminus of HTT as shown under subtitle 2. This expression site is not 
optimal, since the N-terminus is more involved in HD-related phenomena, especially after cleavage. 

Future Directions 

From HEK293t Cells to iPSC-Derived Neurons 

 The disease-like state hypothesized from HTT overexpression 

in HEK293t can not be truly confirmed since most mHTT 

effects are neuron-specific  

 Neuronal model implementation makes it possible to test   

most markers and potential regulation of HTT dysfunction 

 We do not know of a HD model in neurons making use of 

inducible CRISPR activation, nor CRISPR-mediated CAG 

repeat insertion 

Autophagy Upregulation as a Treatment for HD 

 Macroautophagy induction has reduced mHTT aggregation 

and symptoms in cell and animal HD models11 

 Macroautophagy misregulation at several stages by mHTT creates a harmful cycle of autophagosome failure9 

 HD treatment via autophagy upregulation will require dedicated research to prevent mHTT interference 
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Exon 1 of HTT  with expanded CAG repeats. 
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Endogenous HTT 
overexpression will be 
induced to create the 
core disease model. 

1. Current Steps: 
 

A. Wildtype HTT  
Overexpression 

 
and 

 
B. Fluorescent                  

HTT-mCherry Fusion     
Protein Assembly 

The fluorophore 
mCherry is being 

integrated at the HTT C-
terminus. Fusion will 
allow visualization of 
HTT localization and 

aggregation. 

HTT-mCherry 
overexpression in insert 

homozygotes will be 
confirmed at 

transcription and 
protein levels. HTT-
mCherry localization 

and aggregation will be 
assessed Cell viability 

analysis will be 
frequent. 

2. Next Steps: 
 
 

A. Confirm HTT-mCherry 
Overexpression and Its 

Effects on Cells 
 
 

and 
 
 

B. Induce 
Macroautophagy 

 
 
 
 
 

3.iPSC-Derived Neuron 
Model Establishment 

Macroautophagy will 
induced to analyze 

clearance of HTT in the 
disease-like model and 

cell viability. 

The model 
implemented in 

HEK293t cells will be 
induced in induced 

pluripotent stem cell-
derived neurons; a 
relevant model cell. 

Hsu et al. 2014 

Martin et al., 2015 

HTT is Degraded by Macroautophagy 

The Many Roles of Huntingtin14 

Molecular 
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Vesicle & 
organelle 

transporter 

Cell division 
coordinator 

Ciliogenesis 
regulator 

Endocytosis 
mediator 

Autophagy 
regulator 

Transcriptional 
regulator 

Autosomal Dominant 
Inheritance 

Figure from the Polycystic Kidney Disease Foundation 

dCas9-VP64 Activation Construct 

CRISPR Activation 

 Double nuclease deactivation in Cas9 

produces enzymatically dead Cas9 (dCas9)12 

 One transcriptional activation construct is 

dCas9 fused to activator domain VP64 

 dCas9-VP64 activates transcription 2-5 fold12 

Project Relevance 

 iCRISPRa construct integrated at AAVS1 

safe harbor locus in HEK293t cells 

 Tetracycline-inducible dCas9-VP64 is 

being used to reversibly activate 

endogenous HTT  

Example gel 1: Smears            
The extended smears seen in lanes 
3 and 6 were frequently seen while 
attempting mCherry HRT 
assembly for N-terminal fusion. 
Their cause is unknown and they 
persist in present gels. Use of GC 
buffer in PCR was one of many 
troubleshooting measures applied 
while trying to amplify homology 
arms from genomic DNA. 

Example gel 2: Inconsistency   
The right homology arm appeared 
on this gel in a DMSO-negative 
control for a test for effective DMSO 
concentration in PCR. Mysteriously, 
the control contained exact 
reagents and was run on PCR 
settings that had been used many 
times before without success. 
DMSO addition was not helpful. 

La Russa & Qi 
2015 




