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One	 of	 the	 major	 intracellular	 compartments	 is	 the	 endoplasmic	 reticulum	 (ER),	 which	
constitutes	 a	 special	 proteome	 and	 metabolome	 within	 the	 cell.	 Alterations	 of	 the	
intracellular	homeostasis	may	provoke	ER	stress	and	initiate	survival	or	apoptotic	pathways.	
The	 glucose-6-phosphatase	 system	of	 the	 ER	 is	 of	 vital	 importance	 in	 the	maintenance	 of	
blood	glucose	level.	The	system	is	responsible	for	the	hydrolysis	of	glucose-6-phosphate	to	
glucose,	 catalyzing	 the	 ultimate	 common	 step	 of	 gluconeogenesis	 and	 glycogenolysis.	
Mutations	of	diverse	components	of	 the	system	are	well	characterized	and	they	cause	the	
subtypes	of	glycogen	storage	disease	type	I	(GSD	I).	GSD	I	is	an	inherited	metabolic	disorder,	
where	 impaired	 carbohydrate	 metabolism	 causes	 severe	 hypoglycemia	 in	 fasting	 periods	
and	glycogen	accumulation	in	the	liver.	

The	proposed	project	aimed	to	examine,	whether	GSD	I	is	accompanied	with	ER	stress,	and	
whether	 ER	 stress	 together	 with	 the	 starvation-like	 phenotype,	 promotes	 autophagy.	
Autophagy	 is	 connected	 with	 ER	 stress	 and	 is	 able	 to	 catabolize	 accumulated	
macromolecules,	e.g.	glycogen.	Thus,	we	supposed	that	autophagy	may	be	an	ameliorating	
factor	 of	 GSD	 I,	 which	 improves	 glucose	 homeostasis	 by	 the	 breakdown	 of	 accumulated	
glycogen,	and	producing	free	glucose.	

In	 a	 first	 set	 up	 of	 experiments,	 we	 tested	 several	 cell	 lines	 for	 glucose-6-phosphatase	
expression	by	PCR	reaction	to	pick	up	the	optimal	one	for	the	experiments.	Primers	for	the	
catalytic	subunit	of	glucose-6-phosphatase	(G6PC)	were	designed	by	NCBI	primer	designing	
tool.	 HepG2	 human	 hepatocellular	 carcinoma	 cell	 line,	 FL83B	mouse	 liver	 hepatocyte	 cell	
line,	 Hepa1c1c7	 mouse	 liver	 hepatoma	 cell	 line	 were	 tested	 for	 G6PC	 expression.	 As	 a	
negative	 control,	Hek293	human	embryonic	 kidney	 cell	 line,	 as	 a	positive	 control,	 isolated	
primary	 liver	 cells	 from	mice	 were	 used.	 As	 a	 result,	 HepG2	 showed	 the	 highest	 level	 of	
G6PC,	 therefore	 this	 cell	 line	was	 used	 for	 any	 further	 experiments.	 Parallel	with	 this,	we	
have	 isolated	 primary	 hepatocytes	 from	mice	 and	 tested	 the	 optimal	 conditions	 for	 their	
isolation	and	culture.	

The	 transfection	 efficiency	 of	 the	HepG2	 cells	were	 checked	 and	 the	 optimal	 transfection	
conditions	 were	 chosen	 by	 the	 co-transfection	 of	 Luciferase	 and	 inducible	 anti-luciferase	
silencing	vector.	The	optimal	induction	protocol	by	Doxycycline	was	also	controlled:	different	
concentrations	were	added	after	 transfection,	and	the	fluorescent	 intensity	of	HepG2	cells	
was	measured.	

Cloning	of	 silencing	vectors	with	 inducible	promoters	 in	order	 to	silence	G6PC	protein,	we	
have	 constructed	 silencing	 vectors	 containing	 a	 Doxycycline	 inducible	 promoter	 and	 3	
different	 short	 hairpin	 RNA	 sequence	 and	 one	 scrambled	 vector	 as	 a	 control.	 After	
transfection	with	Lipofectamin,	stable	clones	were	selected	with	Gentamycine	treatment	for	
2	weeks,	and	the	induction	with	Doxycycline	was	performed.	Monitoring	the	effectiveness	of	
silencing	was	performed	with	Western	blot	(with	G6PC	antibody)	and	RT-PCR	analysis	(with	
the	 above	 mentioned	 primers).	 The	 glucose	 production	 of	 HepG2,	 silenced	 HepG2	 and	
primary	 hepatocyte	 cells	 was	 measured	 with	 the	 glucose-oxidase-peroxidase	 kit	 and	 the	
time-dependence	of	the	glucose	production	was	also	determined.		



Éva	Margittai	 	 OTKA	PD	105246	

The	 preliminary	 observations	 reported	 above	 have	 not	 been	 resulted	 in	 publishable	 data.	
Moreover,	 a	 publication	 from	 another	 lab	 (Farah	 et	 al,	 J.	 Hepatol.	 2016)	 	 described	 the	
presence	of	a	decreased	level	of	autophagy	in	GSD	Ia	models,	due	to	the	inhibition	of	AMPK	
pathway	 and	 the	 stimulation	 of	mTOR	pathway.	 In	 the	 light	 of	 this	 paper,	 our	 hypothesis	
should	have	been	changed	and	a	new	wokplan	was	built	up	for	the	future	investigations.	The	
new	specific	aims	of	the	modified	plan	included:	

- investigation	of	the	presence	or	absence	of	ER	stress	in	the	GSD	I	models	

- induction	 of	 the	 basic	 level	 of	 autophagy	 and	 the	 examination	 of	 its	 effect	 on	
glycogen	homeostasis	

- inhibition	of	autophagy	and	its	effect	on	glycogen	homeostasis.	

The	modified	research	plan	was	submitted	to	OTKA	and	it	was	approved.	However,		due	to	
the	elapsed	time,	specific	aims	could	not	be	fully	accomplished.	According	to	the	modified	
research	 plan,	 the	 crosstalk	 between	 ER	 stress	 dependent	 apoptosis	 and	 autophagy	 was	
investigated.	ER	stress	signaling	 is	constituted	by	the	three	main	branches	of	 the	unfolded	
protein	 response	 (UPR).	 The	primary	 role	of	UPR	 is	 to	 try	 to	drive	back	 the	 system	 to	 the	
former	 or	 a	 new	 homeostatic	 state	 by	 self-eating	 dependent	 autophagy,	 while	 excessive	
level	 of	 ER	 stress	 results	 in	 apoptotic	 cell	 death.	We	 studied	 the	 role	 of	 PERK	 and	 IRE-1	
induced	arms	of	UPR	in	life-or-death	decision.	We	confirmed	that	silencing	of	PERK	extends	
autophagy-dependent	 survival,	meanwhile	 the	 IRE-1	controlled	apoptosis	 inducer	 is	down-
regulated	 during	 ER	 stress.	 The	 proper	 order	 of	 surviving	 and	 self-killing	mechanisms	was	
controlled	 by	 a	 positive	 feedback	 loop	 between	 PERK	 and	 IRE-1	 branches.	 This	 regulatory	
network	makes	possible	 a	 smooth,	 continuous	 activation	of	 autophagy	with	 respect	 to	 ER	
stress,	while	the	induction	of	apoptosis	is	irreversible	and	switch-like.	Our	model	claims	that	
the	 two	 arms	 of	 UPR	 accomplish	 an	 altered	 upregulation	 of	 autophagy	 and	 apoptosis	
inducers	during	ER	stress	[7].		

The	 glucose-6-phosphatase	 system	 of	 the	 ER	 includes	 a	 putative	 glucose	 transporter.	
However,	 the	 molecular	 background	 of	 the	 transport	 has	 not	 been	 identified;	 GLUT-type	
transporters	 have	 been	 the	 most	 probable	 candidates.	 GLUTs	 are	 known	 also	 as	
dehydroascorbic	acid	(DAA)	transporters	[1].	DAA	transport	into/from	the	ER	is	an	important	
factor	 in	 the	 redox	 homeostasis	 of	 the	 ER	 lumen.	 Loss-of-function	mutations	 in	 the	 gene	
encoding	GLUT10	are	 responsible	 for	arterial	 tortuosity	 syndrome	 (ATS),	a	 rare	connective	
tissue	disorder.	We	investigated	GLUT10-mediated	DAA	transport,	supposing	its	involvement	
in	the	pathomechanism.	GLUT10	protein	produced	by	 in	vitro	translation	and	incorporated	
into	liposomes	efficiently	transported	DAA.	Silencing	of	GLUT10	decreased	DAA	transport	in	
immortalized	 human	 fibroblasts	 whose	 plasma	 membrane	 was	 selectively	 permeabilized.	
Similarly,	 the	 transport	 of	 DAA	 through	 endomembranes	 was	 markedly	 reduced	 in	
fibroblasts	from	ATS	patients.	Re-expression	of	GLUT10	in	patients'	fibroblasts	restored	DAA	
transport	 activity.	 The	 results	 demonstrated	 that	 GLUT10	 is	 a	 DAA	 transporter	 and	 DAA	
transport	 is	 diminished	 in	 the	 endomembranes	 of	 fibroblasts	 from	 ATS	 patients.	 These	
results	identify	GLUT10	as	the	first	glucose	transporter	of	ER	localization,	which	suggest	that	
the	protein	can	be	a	part	of	the	glucose-6-phosphatase	system	[6].	 In	a	forthcoming	paper	
we	 could	 show	 that	 the	 protein	 is	 present	 in	 the	 ER,	 beside	 the	 proviously	 reported	
perinuclear	 localization.	 The	mitochondrial	 localization	 suggested	by	a	previous	paper	was	
excluded	both	experimentally	and	by	in	silico	search	[8].	



Éva	Margittai	 	 OTKA	PD	105246	

During	the	reported	period	I	contributed	to	four	review	papers	[2-5].	I	was	the	first	author	of	
one	of	them	[3].	One	of	the	five	was	closely	related	to	the	topic	of	the	project	[5],	which	was	
published	in	Autophagy.	

In	 conclusion,	 although	 the	 original	 hypothesis	 of	 the	 project	 has	 been	 invalidated,	 the	
modified	 workplan	 resulted	 in	 remarkable	 observations	 concerning	 the	 connections	
between	ER	stress	and	autophagy	and	revealed	a	component	of	the	glucose-6-phosphatase	
system	within	the	restricted	time	frame.	
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