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Abstract
Introduction: DJ‐1 mutation is a causative reason for familial Parkinson's disease 
(PD).	 Leucine166Proline	 (L166P)	 and	C106S	are	 two	 important	DJ‐1	mutations.	 In	
this	 study,	 we	 established	 hydrogen	 peroxide	 (H2O2)	 induced	 L166P	 and	 C106S	
DJ‐1‐transfected	neuroblastoma	 (SH‐SY5Y)	cellular	models	of	PD	and	 investigated	
the effects of Cistanche	extracts	and	key	bioactive	compounds,	including	acteoside,	
echinacoside,	caffeic	acid,	and	Cistanche total glycosides on these two models.
Methods: After	 expressing	 FLAG‐tagged	 L166P	 and	 C106S	 DJ‐1	 plasmids	 in	
Escherichia coli,	the	expressed	plasmids	were	collected,	treated	with	restriction	en‐
zyme,	and	identified	using	DNA	electrophoresis.	After	purification,	the	L166P	DJ‐1	
and	C106S	DJ‐1	plasmids	were	separately	 transfected	 into	SH‐SY5Y	cells	using	 li‐
posomes.	Transfected	SH‐SY5Y	cells	were	detected	by	western	blotting	and	immu‐
nocytochemistry.	Cell	viability	was	determined	using	MTT	assay.
Results: Both	western	blotting	and	 immunocytochemistry	showed	that	L166P	and	
C106S	DJ‐1	were	highly	 expressed	 in	 the	 transfected	 SH‐SY5Y	 cells.	MTT	 assays	
showed	that	transfection	with	L166P	or	C106S	DJ‐1	reduced	the	viability	of	SH‐SY5Y	
cells	 exposed	 to	H2O2,	 as	 compared	 to	 untransfected	 SH‐SY5Y	 cells.	 In	 addition,	
Cistanche	extracts	and	key	bioactive	compounds,	including	acteoside,	echinacoside,	
caffeic	acid,	and	Cistanche	 total	glycosides,	significantly	 inhibited	the	decreases	of	
cell viability caused by H2O2	in	L166P	and	C106S	DJ‐1‐transfected	SH‐SY5Y	cells.
Conclusions: These findings suggest that we successfully established sensitive and 
stable H2O2	induced	L166P	DJ‐1‐	and	C106S	DJ‐1‐transfected	SH‐SY5Y	cell	models	
of PD and Cistanche	extracts	may	thus	be	useful	for	treating	PD.

K E Y W O R D S

Cistanche	extracts,	mutant	DJ‐1,	neuroblastoma	cells,	Parkinson's	disease

1  | INTRODUC TION

The	main	neurodegenerative	diseases	include	Alzheimer's	disease,	
Parkinson's	disease	(PD),	Huntington's	disease,	and	others.	Among	

these	 disorders,	 the	 incidence	 rate	 of	 PD	 is	 second	 in	 the	world	
and	achieves	 to	1%–2%	 in	 the	people	over	60	years	old	 (Burke	&	
O'Malley,	2013;	Mullard,	2017;	Shen	&	Ji,	2013).	As	the	major	neu‐
rological	 characteristics	 of	 PD,	 the	 dopaminergic	 neurons	 in	 the	
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substantia	nigra	pars	compacta	is	progressive	degenerative	(Glizer	
&	MacDonald,	2016),	which	 is	accompanied	by	the	appearance	of	
α‐synuclein	inclusions	called	Lewy	bodies	(Zhang,	An,	Zhang,	&	Pu,	
2010).	In	the	pathogenesis	of	PD,	rest	tremors,	rigidity,	bradykine‐
sia,	and	postural	abnormalities	are	be	diagnosed	as	main	symptoms	
of	PD	in	clinic.	Although	the	exact	progressive	degenerative	mech‐
anisms	of	dopaminergic	neurons	are	not	understandable,	either	en‐
vironmental	causes	 including	exposure	to	 insecticides,	neurotoxic	
agents,	 and	 heavy	 metals,	 or	 genetic	 causes	 such	 as	 mutations	
of Parkin	 (Kitada	 et	 al.,	 1998),	α‐synuclein	 (Polymeropoulos	 et	 al.,	
1997),	 and	DJ‐1	 (Biosa	 et	 al.,	 2017;	Bonifati	 et	 al.,	 2003),	 are	 be‐
lieved	to	leading	to	the	occurrence	of	PD.	To	date,	the	numbers	of	
missense	mutations,	 frameshift	mutations	and	 large	 fragment	de‐
letions caused DJ‐1	gene	mutations	exceed	to	10	(Andres‐Mateos	
et	al.,	2007;	Bonifati	et	al.,	2003;	Hague	et	al.,	2003).	Within	DJ‐1	
protein,	the	substitution	of	Leucine166Proline	(L166P)	stands	out	as	
important.	In	addition,	it	has	also	been	shown	that	oxidative	stress	
occurs	 in	PD	 (Dexter	et	al.,	1989,	1994;	Nikam,	Nikam,	Ahaley,	&	
Sontakke,	2009)	and	 is	 involved	 in	 its	pathogenesis	 (Hague	et	al.,	
2003).

DJ‐1	gene	containing	eight	exons	distributed	over	24	kb,	locates	
on	chromosome	1p36	in	humans	(Bonifati	et	al.,	2003),	and	encodes	
a highly conserved protein containing 189 amino acids. The protein 
belonged	to	the	ThiJ/PfpI	family,	exists	in	a	homodimer	form.	Glial	
cells	within	the	cortex	and	substantia	nigra	and	striatum	are	the	main	
found	in	areas	of	DJ‐1	protein	(Olzmann	et	al.,	2007).	In	these	cells,	
DJ‐1	plays	the	following	roles,	such	as	oncogene	 (Nagakubo	et	al.,	
1997),	 transcriptional	 regulation	 (Kim	et	al.,	2005;	Niki,	Takahashi‐
Niki,	 Taira,	 Iguchi‐Ariga,	&	Agria,	 2003),	 antioxidative	 stress	 (Taira	
et	al.,	2004;	Zhou	&	Freed,	2005),	chaperone	(Shendelman,	Jonason,	
Marlinat,	 Leete,	 &	 Abeliovich,	 2004;	 Zhou,	 Zhu,	Wioson,	 Petsko,	
&	Fink,	2006),	 and	protease	 (Abou‐Sleiman,	Healy,	Quinn,	Lees,	&	
Wood,	2003).

Cistanche	is	a	traditional	Chinese	medicine,	and	has	been	mainly	
used to treat andrology disease down the ages. The major active 
ingredients of Cistanche are phenylglycosides including 34 com‐
pounds,	such	as	acteoside,	echinacoside,	etc.	The	pharmacological	
effects of Cistanche	extracts	include	improving	sexual	function,	an‐
tiaging,	increasing	learning	and	memory	ability,	neuroprotection,	im‐
munomodulation,	antifatigue,	antiischemic,	and	liver	protection	(Tu	
et	al.,	2011).	Caffeic	acid	 is	one	of	major	metabolites	of	Cistanche 
(Yan,	2018).

The commonly used cellular models of PD include 1‐methyl‐4‐
phenylpyridinium	 ion‐induced	 PC12	 cells	 (Abou‐Sleiman	 et	 al.,	
2003)	and	hydrogen	peroxide	(H2O2)‐induced	neuroblastoma	(SH‐
SY5Y)	 cells	 (Zhang	et	 al.,	2009).	However,	 the	 typical	pathologi‐
cal features of PD are not present in these models. To develop a 
more	physiologically	 relevant	 cellular	model	 of	PD,	 in	 this	 study	
we established H2O2	induced	L166P	and	C106S	DJ‐1‐transfected	
SH‐SY5Y	cells,	and	investigated	the	effects	of	Cistanche	extracts	
and	key	bioactive	compounds,	 including	acteoside,	echinacoside,	
caffeic	acid,	and	Cistanche	total	glycosides	on	these	two	models,	
for the first time.

2  | MATERIAL S AND METHODS

2.1 | Plasmids, drugs, chemicals, and cells

FLAG‐L166P	DJ‐1,	FLAG‐C106S	DJ‐1	plasmids,	and	anti‐DJ‐1	poly‐
clonal	antibody	were	kindly	supplied	by	Dr.	Hiroyoshi	Ariga,	Graduate	
School	of	Pharmaceutical	Sciences,	Hokkaido	University.	Dehydrated	
minimal	essential	medium	(MEM)	and	F‐12	medium	were	purchased	
from	 Gibco.	 Lipofectin	 was	 from	 Invitrogen.	 FastDigest	 Xho	 I	 and	
FastDigest	EcoR	I	were	from	Fermentas.	Endotoxin‐free	plasmid	prep‐
aration	kit	was	from	BioTeke.	The	SH‐SY5Y	cell	line	was	from	the	Cell	
Bank	of	the	Chinese	Academy	of	Medical	Sciences.	BCA	protein	assay	
reagent	kit	was	from	Pierce.	PVDF	membranes	were	from	Millipore.	
Anti‐FLAG	polyclonal	antibody	was	from	GeneTex.	Cistanche	extracts,	
including	 acteoside,	 echinacoside,	 caffeic	 acid,	 and	 Cistanche total 
glycosides,	were	supplied	by	the	Department	of	Natural	Medicines,	
School	of	Pharmaceutical	Sciences,	Peking	University.

2.2 | Plasmids amplification, extraction, and 
purification

After	culturing	Escherichia coli	JM109	cells	in	LB	liquid	medium	until	
OD600	=	0.5,	competent	cells	were	prepared	using	the	calcium	chlo‐
ride method. The competent E. coli were then transformed with 
plasmid	DNA	using	the	heat	shock	method,	after	which	the	transfor‐
mants	were	cultured	on	LB	plates	containing	ampicillin	for	16–24	hr	
at	37°C.	A	successful	transformed	monoclonal	colony	was	then	se‐
lected	and	cultured	in	LB	liquid	medium	containing	50	μg/mL	ampi‐
cillin	for	an	additional	12	hr	at	37°C.	The	plasmids	were	extracted	
and	purified	using	an	endotoxin‐free	plasmid	preparation	kit	accord‐
ing to the manufacturer's instructions.

2.3 | Plasmid identification

Extracted	 plasmids	 were	 subjected	 to	 enzymatic	 digestion,	 after	
which	 the	 plasmids	 and	 digested	 fragments	were	 examined	 using	 
1% agarose gel electrophoresis. The resultant gel was stained in EB 
solution	for	20–25	min	at	room	temperature	and	photographed.

2.4 | Plasmid transfection into SH‐SY5Y cells

Purified	plasmid	DNA	was	transfected	into	SH‐SY5Y	cells	cultured	in	
MEM/F‐12	medium	containing	10%	fetal	bovine	serum.	Transfected	
cells were then selected in medium containing 400 μg/mL	 G418,	
after which 200 μg/mL	G418	was	used	to	maintain	the	stably	trans‐
fected cell line.

2.5 | Identification of transfected cells by 
Western blot

Transfected	 SH‐SY5Y	 cells	 were	 lysed	 in	 RIPA	 buffer.	 After	 cen‐
trifugation	of	 the	 lysate,	 the	 total	 protein	 concentration	 in	 the	 su‐
pernatant	 was	 determined	 using	 a	 BCA	 protein	 assay	 reagent	 kit.	
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Equal	 amounts	 of	 protein	 extract	were	 then	 subjected	 to	 a	 12.5%	
SDS‐polyacrylamide	gel	electrophoresis	and	transferred	onto	a	PVDF	
membrane.	The	PVDF	membrane	was	blocked	with	5%	nonfat	dry	
milk	in	TBST	solution	and	processed	for	immunodetection.	Anti‐FLAG	
and	anti‐DJ‐1	were	used	as	primary	antibodies,	and	HRP‐conjugated	
IgG	was	 the	 secondary	 antibody.	An	enhanced	chemiluminescence	
detection system was applied to detect the target proteins.

2.6 | Immunocytochemical identification of 
transfected cells

Transfected	SH‐SY5Y	cells	were	fixed	with	4%	paraformaldehyde	
solution,	permeabilized	with	0.3%	triton	X‐100	solution	and	blocked	
with 10% goat serum. The blocked cells were then incubated first 
with	 anti‐FLAG	and	anti‐DJ‐1	polyclonal	 antibody,	 and	 then	with	
FITC‐conjugated	goat	antirabbit	secondary	antibody.	The	cell	nu‐
clei	were	stained	with	Hoechst	33342,	and	the	cells	were	visualized	
under	an	inverted	fluorescence	microscope	(IX‐71,	Olympus).

2.7 | Cell viability assay

Untransfected	and	transfected	SH‐SY5Y	cells	were	plated	into	a	96‐
well	plate	at	a	density	of	5	×	104	cells/well,	incubated	for	24	hr,	and	
treated with graded H2O2	(0.1,	0.2,	0.3,	0.4,	0.5,	and	1	mM,	respec‐
tively)	for	1	hr.	The	medium	was	then	discarded,	and	0.5	g/L	MTT	
was	added.	After	incubation	for	4	hr,	the	medium	was	discarded,	and	
200 μL	of	DMSO	was	added	to	dissolve	the	formazan	formed	by	the	
viable cells. The numbers of viable cells were then estimated based 
on the OD570 of the solution.

2.8 | Effects of Cistanche extracts on cell viability

Transfected	 cells	 were	 plated	 into	 a	 96‐well	 plate	 at	 a	 density	 of	
5	 ×	 104	 cell/well	 and	 incubated	 for	 24	 hr.	 Thereafter,	 Cistanche 

extracts,	 including	 acteoside,	 echinacoside,	 caffeic	 acid,	 and	
Cistanche	 total	 glycosides	 (all	 10,	20,	 and	40	μg/mL,	 respectively),	
were	added	and	the	cells	were	incubated	for	6	hr	before	treatment	
with	0.2	mM	H2O2 for an additional 1 hr. The medium was the dis‐
carded,	and	cell	viability	was	assayed	using	MTT	as	described	above.

2.9 | Statistical analysis

Data	are	expressed	as	the	mean	±	SD	of	three	independent	experi‐
ments. Differences between groups were analyzed using one‐way 
ANOVA	and	 the	LSD	method	with	SPSS	22.0	 software.	Values	of	
p < 0.05	were	considered	significant.

3  | RESULTS

3.1 | Plasmids were successfully transformed and 
purified

After	separate	expression	in	E. coli	JM109,	plasmids	extracted	and	exam‐
ined using 1% agarose gel electrophoresis after digestion with a restric‐
tion	enzyme	(Figure	1).	The	6.2‐kb	plasmids	were	cleaved	into	5.4‐	and	
0.8‐kb	 linear	 DNA	 fragments,	 which	 confirmed	 that	 the	 L166P	 and	
C106S	DJ‐1	plasmids	were	both	successfully	expressed	and	purified.

3.2 | Identification of transfected cells by 
Western blotting

As	shown	in	Figure	2,	we	detected	FLAG‐L166P	DJ‐1	and	FLAG‐C106S	
DJ‐1	bands	at	about	70	kDa.	The	high	levels	of	FLAG‐tagged	protein	in	
the	transfected	SH‐SY5Y	cells	indicate	that	the	L166P	and	C106S	DJ‐1	
mutants	were	strongly	expressed	in	their	respective	transfectants.

3.3 | Immunocytochemical identification of 
transfected cells

Figure	3	shows	the	strong	fluorescent	signals	from	transfected	SH‐
SY5Y	 cells	 after	 incubation	with	 anti‐DJ‐1	 or	 anti‐FLAG	 antibody.	
This	confirms	the	high	levels	of	L166P	and	C106S	DJ‐1	expressed	in	
the transfectants.

3.4 | Transfected cells were more sensitive to H2O2 
than untransfected cells

After	incubation	for	1	hr	in	the	presence	of	graded	concentrations	of	
H2O2	(0.1,	0.2,	0.3,	0.4,	0.5,	and	1	mM,	respectively),	the	viabilities	
of	SH‐SY5Y	cells	transfected	with	L166P	or	C106S	DJ‐1	were	dose‐
dependently	reduced	as	compared	to	untransfected	cells	(Table	1).

3.5 | Cistanche extracts inhibited H2O2‐induced 
reductions SH‐SY5Y cell viability

Figure	 4	 shows	 that	 the	 H2O2‐induced decrease in the viabil‐
ity	 of	 SH‐SY5Y	 cells	 transfected	 with	 L166P	 or	 C106S	 DJ‐1	 was	

F I G U R E  1   Results of restriction enzymolysis and agarose 
electrophoresis	of	L166P	and	C106S	DJ‐1	plasmid.	1:	marker;	2:	
extracted	L166P	DJ‐1	plasmid	treated	with	restriction	enzymes;	
3:	extracted	L166P	DJ‐1	plasmid;	4:	extracted	C106S	DJ‐1	plasmid	
treated	with	restriction	enzymes;	5:	extracted	C106S	DJ‐1	plasmid;	
6.	plasmid	treated	with	restriction	enzymes;	7.	plasmid
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dose‐dependently inhibited by treatment with Cistanche	 extracts,	
including	 acteoside,	 echinacoside,	 caffeic	 acid,	 and	Cistanche total 
glycosides	(all	10,	20,	and	40	μg/mL,	respectively).

4  | DISCUSSION

Mutations	of	DJ‐1 are of being close association with autosomal 
recessive	 early‐occurrence	 PD	 (Bonifati	 et	 al.,	 2003;	 Park	 et	 al.,	
2015).	 In	 one	 Italian	 family,	 the	 cause	 is	 a	missense	mutation	 in	
DJ‐1	(L166P)	(Bonifati	et	al.,	2003).	Leu‐166	localizes	in	the	middle	
of	the	C‐terminal	helix	(Bonifati	et	al.,	2003).	The	presence	of	Pro,	
a	strong	helix	breaker,	 likely	destabilizes	the	terminal	helix	 in	the	
DJ‐1	mutant	(Bonifati	et	al.,	2003),	leading	to	the	unfolding	of	the	
C‐terminal	 portion	of	 the	 protein,	which	would	 impair	 its	 homo‐
oligomerization	(Bonifati	et	al.,	2003).	 In	transfected	cells,	L166P	
DJ‐1	is	unstable	due	to	excessive	degradation	(Bonifati	et	al.,	2003;	
Gorner	 et	 al.,	 2004;	 Moore,	 Zhang,	 Dawson,	 &	 Dawson,	 2003).	F I G U R E  2   Western blot analysis

F I G U R E  3   Immunocytochemical 
analysis	of	SH‐SY5Y	cells	transfected	
with	L166P	DJ‐1	(A)	or	C106S	DJ‐1	(B)	
(200×).	a,	b,	c:	Positive	staining	with	anti‐
DJ‐1	antibody,	anti‐FLAG	antibody	and	
Hoechst	33342.	d,	e,	f:	Negative	controls

a

(a)

(b)

b c

d e f

a b c

d e f

TA B L E  1   The effect of H2O2	on	cell	viability	(x̄±S,	n	=	3)

Groups

Concentration of H2O2 (mM)

0 0.1 0.2 0.3 0.4 0.5 1.0

SH‐SY5Y 100	±	0 95.4	±	2.9 85.1	±	6.1 52.7	±	6.7*  47.4	±	5.7†  44.1	±	4.6†  10.0	±	0.2† 

SH‐SY5Y‐L166P	DJ‐1 100	±	0 87.5	±	6.6*  75.9	±	7.9†  42.9	±	4.5† ,‡  35.9	±	3.6† ,‡  31.7	±	5.4† ,‡  8.2	±	0.5† ,§ 

SH‐SY5Y‐C106S	DJ‐1 100	±	0 86.8	±	6.9*  73.1	±	1.4†  39.5	±	0.6† ,‡  34.4	±	2.2† ,‡  30.7	±	5.7† ,‡  7.0	±	0.9† ,§ 

Note:	Compared	with	control	group:	*p < 0.05,	†p < 0.01.
Compared	with	SH‐SY5Y	cells:	‡p < 0.05,	§p < 0.01.
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Bonifati	et	al.	 (2003)	suggested	that	L166P	mutation	 impairs	 the	
homodimerization	and	normal	function	of	DJ‐1,	and	so	leads	to	the	
early onset of PD.

In	this	study,	we	found	that	L166P	DJ‐1	is	present	within	a	poly‐
mer/complex	with	a	molecular	mass	of	70	kDa	 in	 transfected	SH‐
SY5Y	cells.	The	structure	of	DJ‐1	was	assumed	to	adopt	the	same	α/β 
sandwich	structure	as	protease	PH1704	(Bonifati	et	al.,	2003).	Due	
to	the	similar	structures	of	DJ‐1	and	PH1704,	we	assumed	that,	like	
PH1704,	DJ‐1	forms	higher	aggregates	(trimers	of	dimmers).	Gorner	
et	al.	 (2004)	showed	that	within	transfected	cells	and	the	lympho‐
cytes	of	PD	patients,	monomeric	L166P	DJ‐1	is	present	within	the	
higher structures in transfected cells and lymphocytes of PD pa‐
tients.	This	may	be	a	direct	result	of	L166P	DJ‐1	protein	misfolding	
or	the	formation	of	complexes	between	monomeric	L166P	DJ‐1	and	
other	 proteins.	Moreover,	 in	 addition	 to	 the	 structure	 of	 the	 pro‐
tein,	L166P	DJ‐1	mutation	also	changed	the	antioxidative	function	
of	DJ‐1	 (Macedo	 et	 al.,	 2003;	 Taira	 et	 al.,	 2004).	 This	 is	 notewor‐
thy,	as	oxidative	stress	 is	an	 important	 factor	 in	PD,	and	SH‐SY5Y	
cells	transfected	with	L166P	DJ‐1	were	more	sensitive	to	H2O2 than 
untransfected cells. Combined with the previous research that wild 
type	DJ‐1	 transfected	 SH‐SY5Y	 cells	was	 successfully	 established	
in	our	laboratory	(Zhang,	Wang,	&	Pu,	2007),	we	suggest	that	H2O2 
induced	L166P	DJ‐1‐transfected	SH‐SY5Y	cells	are	a	useful	new	cel‐
lular model of PD.

DJ‐1	 has	 been	 reported	 to	 reduce	 oxidative	 stress	 (Taira	 et	 al.,	
2004;	Zhou	&	Freed,	2005).	One	of	 the	mechanisms	 is	oxidation	of	
the	protein	 itself	 (Taira	 et	 al.,	 2004).	Among	 the	 three	Cys	 residues	
of	DJ‐1,	Cys‐106	is	most	sensitive	to	oxidative	stress.	Moreover,	the	

antioxidative	function	of	DJ‐1	is	regulated	through	oxidation	of	Cys‐106	
(Freed	&	Zhou,	2006),	and	mutation	of	Cys‐106	leads	to	loss	of	the	an‐
tioxidative	function	of	DJ‐1	(Blackinton	et	al.,	2009;	Kinumi,	Kimata,	
Taira,	Ariga,	&	Niki,	2004).	DJ‐1	also	acts	as	a	molecular	chaperone	that	
inhibits formation of α‐synuclein	aggregates	(Shendelman	et	al.,	2004)	
when	Cys‐106	is	oxidized	to	sulfinic	acid	(Zhou	&	Freed,	2005).	These	
findings	indicate	that	Cys‐106	is	a	key	contributor	to	proper	DJ‐1	func‐
tion.	As	shown	in	Table	1,	SH‐SY5Y	cells	transfected	with	C106S	DJ‐1	
were more sensitive to H2O2 than untransfected cells. Based on the 
previous	research	(Zhang	et	al.,	2007),	this	also	suggests	H2O2 induced 
C106S	DJ‐1‐transfected	SH‐SY5Y	cells	may	 also	be	 a	useful	 cellular	
model of PD.

Using	 SH‐SY5Y	 cells	 transfected	 with	 L166P	 DJ‐1	 or	 C106S	
DJ‐1,	we	detected	 the	effect	of	Cistanche	 extracts	and	key	bioac‐
tive	compounds,	including	acteoside,	echinacoside,	caffeic	acid,	and	
Cistanche total glycosides on H2O2 induced reductions in cell viabil‐
ity.	The	present	 results	 show	 that	 acteoside,	 echinacoside,	 caffeic	
acid,	 and	Cistanche total glycosides all increased cell viability in a 
concentration‐dependent	manner,	indicating	a	stable	and	linear	re‐
lation	between	L166P	DJ‐1	and	C106S	DJ‐1	levels	and	SH‐SY5Y	cell	
viability.

In	 sum,	we	 successfully	 established	 sensitive	 and	 stable	H2O2 
induced	 L166P	 DJ‐1‐	 and	 C106S	 DJ‐1‐transfected	 SH‐SY5Y	 cell	
models of PD and confirmed that Cistanche	extracts	ameliorated	the	
neurotoxicity	induced	by	H2O2 in these two models. We anticipate 
that these two cellular models will be effectively used for PD re‐
search and Cistanche	extracts	may	thus	be	useful	for	treating	PD	in	
the future.

F I G U R E  4   The effect of Cistanche 
extracts	on	cell	viability	in	L166P	(a)	and	
C106S	(b)	DJ‐1‐transfected	SH‐SY5Y	cells	
treated with H2O2. #p < 0.05,	##p < 0.01 
vs.	control;	**p < 0.01 vs. model

 21579032, 2019, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/brb3.1304 by SE

A
 O

R
C

H
ID

 (T
hailand), W

iley O
nline L

ibrary on [28/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 of 7  |     AN et Al.

ACKNOWLEDG MENTS

This	work	was	 supported	by	National	Natural	 Science	Foundation	
(30973889),	Science	and	Technology	Program	of	Beijing	Municipal	
Education	 Commission	 (KM201810025002),	 Health	 Science	 Key	
Program	 of	 Hebei	 Province	 (ZD20140029)	 and	 Natural	 Science	
Foundation	of	Hebei	Province	(H2018209342).

CONFLIC TS OF INTERE S T

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

CNA	performed	the	experiment,	XPP	provided	the	funding,	QW	ad‐
vised	the	molecular	biological	methods,	and	HNZ	wrote	the	manu‐
script and supplied the publication costs.

DATA AVAIL ABILIT Y

The data that support the findings of this study are available from 
the	corresponding	author	upon	reasonable	request.

ORCID

Hongning Zhang  https://orcid.org/0000‐0002‐7712‐8868 

R E FE R E N C E S

Abou‐Sleiman,	P.	M.,	Healy,	D.	G.,	Quinn,	N.,	Lees,	A.	J.,	&	Wood,	N.	W.	
(2003).	 The	 role	 of	 pathogenic	 DJ‐1	 mutations	 in	 Parkinson's	 dis‐
ease. Annals of Neurology,	 54,	 283–286.	 https	://doi.org/10.1002/
(ISSN)1531‐8249

Andres‐Mateos,	E.,	Perier,	C.,	Zhang,	L.,	Blanchard‐Fillion,	B.,	Greco,	T.	
M.,	Thomas,	B.,	…	Dawson,	V.	L.	(2007).	DJ‐1	gene	deletion	reveals	
that	DJ‐1	is	an	atypical	peroxiredoxin‐like	peroxidase.	Proceedings 
of the National Academy of Sciences of the United States of America,	
104,	14807–14812.	https	://doi.org/10.1073/pnas.07032	19104	

Biosa,	A.,	Sandrelli,	F.,	Beltramini,	M.,	Greggio,	E.,	Bubacco,	L.,	&	Bisaglia,	
M.	 (2017).	 Recent	 findings	 on	 the	 physiological	 function	 of	 DJ‐1:	
Beyond Parkinson's disease. Neurobiology of Diseases,	 108,	 65–72.	
https	://doi.org/10.1016/j.nbd.2017.08.005

Blackinton,	 J.,	 Lakshminarasimhan,	 M.,	 Thomas,	 K.	 J.,	 Ahmad,	 R.,	
Greggio,	E.,	Raza,	A.	S.,	…	Wilson,	M.	A.	(2009).	Formation	of	a	stabi‐
lized cysteine sulfinic acid is critical for the mitochondrial function 
of the parkinsonism protein DJ‐1. Journal of Biological Chemistry,	84,	
6476–6485.	https	://doi.org/10.1074/jbc.M8065	99200	

Bonifati,	V.,	Rizzu,	P.,	Squitieri,	F.,	Krieger,	E.,	Vanacore,	N.,	van	Swieten,	
J.	C.,	…	Heutink,	P.	(2003).	DJ‐1	(DJ‐1),	a	novel	gene	for	autosomal	re‐
cessive,	early	onset	parkinsonism.	Neurological Sciences,	24,	159–160.	
https	://doi.org/10.1007/s10072‐003‐0108‐0

Bonifati,	 V.,	 Rizzu,	 P.,	 van	Baren,	M.	 J.,	 Schaap,	O.,	 Breedveld,	G.	 J.,	
Krieger,	 E.,	 …	 van	 Swieten,	 J.	 C.,	 et	 al.	 (2003).	Mutations	 in	 the	
DJ‐1 gene associated with autosomal recessive early‐onset par‐
kinsonism. Science,	 299,	 256–259.	 https	://doi.org/10.1126/scien	
ce.1077209

Burke,	R.	E.,	&	O'Malley,	K.	(2013).	Axon	degeneration	in	Parkinson's	dis‐
ease. Experimental Neurology,	246,	72–83.	https	://doi.org/10.1016/j.
expne	urol.2012.01.011

Dexter,	D.	T.,	Carter,	C.,	Wells,	F.	R.,	Javoy‐Agid,	F.	J.,	Agid,	Y.,	Lees,	A.	J.,	
…	Marsden,	C.	D.	(1989).	Basal	lipid	peroxidation	in	substantia	nigra	is	
increased in Parkinson's disease. Journal of Neurochemistry,	52,	381–
389.	https	://doi.org/10.1111/j.1471‐4159.1989.tb091	33.x

Dexter,	 D.	 T.,	 Holley,	 A.	 E.,	 Flitter,	 W.	 D.,	 Slater,	 T.	 F.,	 Wells,	 F.	 R.,	
Daniel,	S.	E.,	…	Marsden,	C.	D.	(1994).	Increased	levels	of	lipid	hy‐
droperoxides	 in	 the	 parkinsonian	 substantia	 nigra:	An	HPLC	 and	
ESR	study.	Movement Disorders,	9,	92–97.	https	://doi.org/10.1002/
(ISSN)1531‐8257

Freed,	 C.	 R.,	 &	 Zhou,	W.	 (2006).	 DJ‐1	 protects	 dopamine	 neurons	 by	
selective activation of either glutathione or heat shock protein. 
Experimental Neurology,	198,	558–597.

Glizer,	D.,	&	MacDonald,	P.	A.	 (2016).	Cognitive	 training	 in	Parkinson's	
disease:	A	review	of	studies	from	2000	to	2014.	Parkinson's Disease,	
2016,	9291713.	https	://doi.org/10.1155/2016/9291713

Gorner,	K.,	Holtorf,	E.,	Odoy,	S.,	Nuscher,	B.,	Yamamoto,	A.,	Regula,	J.	T.,	
…	Kahle,	P.	J.	(2004).	Differential	effects	of	Parkinson's	disease‐asso‐
ciated mutations on stability and folding of DJ‐1. Journal of Biological 
Chemistry,	 279,	 6943–6951.	 https	://doi.org/10.1074/jbc.M3092	
04200 

Hague,	 S.,	 Rogaeva,	 E.,	Hernandez,	D.,	Gulick,	 C.,	 Singleton,	A.,	Hanson,	
M.,	 …	 St	 George‐Hyslop,	 P.	 H.,	 et	 al.	 (2003).	 Earlyonset	 Parkinson's	
disease caused by a compound heterozygous DJ‐1 mutation. Annals 
of Neurology,	54,	271–274.	https	://doi.org/10.1002/(ISSN)1531‐8249

Kim,	R.	H.,	Peter,	M.,	Jang,	Y.	J.,	Shi,	W.,	Pintilie,	M.,	Fletcher,	G.	C.,	…	
Bray,	M.	R.,	et	al.	 (2005).	DJ‐1,	a	novel	regulator	of	the	tumor	sup‐
pressor	 PTEN.	 Cancer Cell,	 7,	 263–273.	 https	://doi.org/10.1016/j.
ccr.2005.02.010

Kinumi,	T.,	Kimata,	J.,	Taira,	T.,	Ariga,	H.,	&	Niki,	E.	(2004).	Cysteine‐106	
of	DJ‐1	is	the	most	sensitive	cysteine	residue	to	hydrogen	peroxide‐
mediated	oxidation	in	vivo	in	human	umbilical	vein	endothelial	cells.	
Biochemical and Biophysical Research Communications,	317,	722–728.	
https	://doi.org/10.1016/j.bbrc.2004.03.110

Kitada,	 T.,	 Asakawa,	 S.,	 Hattori,	 N.,	 Matsumine,	 H.,	 Yamamura,	 Y.,	
Minoshima,	 S.,	…	 Shimizu,	N.	 (1998).	Mutations	 in	 the	parkin gene 
cause autosomal recessive juvenile parkinsonism. Nature,	392,	605–
608.	https	://doi.org/10.1038/33416	

Macedo,	M.	G.,	Anar,	B.,	Bronner,	I.	F.,	Cannella,	M.,	Squitieri,	F.,	Bonifati,	
V.,	…	Rizzu,	P.	(2003).	The	DJ‐1	L166P	mutant	protein	associated	with	
early onset Parkinson's disease is unstable and forms higher‐order pro‐
tein	complexes.	Human Molecular Genetics,	12,	2807–2816.	https	:// 
doi.org/10.1093/hmg/ddg304

Moore,	D.	J.,	Zhang,	L.,	Dawson,	T.	M.,	&	Dawson,	V.	L.	 (2003).	A	mis‐
sense	mutation	(L166P)	in	DJ‐1,	linked	to	familial	Parkinson's	disease,	
confers reduced protein stability and impairs homo‐oligomerization. 
Journal of Neurochemistry,	87,	 1558–1567.	 https	://doi.org/10.1111/
(ISSN)1471‐4159

Mullard,	A.	 (2017).	Diabetes	drug	shows	promise	 in	Parkinson	disease.	
Nature Reviews. Drug Discovery,	16,	593.

Nagakubo,	D.,	 Taika,	 T.,	 Kitaura,	H.,	 Ikeda,	M.,	 Tamai,	 K.,	 Iguchi‐Ariga,	
S.	M.	M.,	&	Agria,	H.	 (1997).	DJ‐1,	 a	 novel	 oncogene	which	 trans‐
forms	mouse	NIH3T3	cells	in	cooperation	with	ras.	Biochemical and 
Biophysical Research Communications,	 231,	 509–513.	 https	://doi.
org/10.1006/bbrc.1997.6132

Nikam,	S.,	Nikam,	P.,	Ahaley,	S.	K.,	&	Sontakke,	A.	V.	 (2009).	Oxidative	
stress in Parkinson's disease. Indian Journal of Clinical Biochemistry,	
24,	98–101.	https	://doi.org/10.1007/s12291‐009‐0017‐y

Niki,	T.,	Takahashi‐Niki,	T.,	Taira,	T.,	 Iguchi‐Ariga,	S.	M.	M.,	&	Agria,	H.	
(2003).	 DJBP:	 A	 novel	 DJ‐1‐binding	 protein,	 negatively	 regulates	
the	 androgen	 receptor	 by	 recruiting	 histone	 deacetylase	 complex,	
and	DJ‐1	antagonizes	this	 inhibition	by	abrogation	of	this	complex.	
Molecular Cancer Research,	1,	247–261.

Olzmann,	J.	A.,	Bordelon,	J.	R.,	Muly,	E.	C.,	Rees,	H.	D.,	Levey,	A.	I.,	Li,	L.,	
&	Chin,	L.	S.	(2007).	Selective	enrichment	of	DJ‐1	protein	in	primate	
striatal neuronal processes: Implications for Parkinson's disease. 

 21579032, 2019, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/brb3.1304 by SE

A
 O

R
C

H
ID

 (T
hailand), W

iley O
nline L

ibrary on [28/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7712-8868
https://orcid.org/0000-0002-7712-8868
https://doi.org/10.1002/(ISSN)1531-8249
https://doi.org/10.1002/(ISSN)1531-8249
https://doi.org/10.1073/pnas.0703219104
https://doi.org/10.1016/j.nbd.2017.08.005
https://doi.org/10.1074/jbc.M806599200
https://doi.org/10.1007/s10072-003-0108-0
https://doi.org/10.1126/science.1077209
https://doi.org/10.1126/science.1077209
https://doi.org/10.1016/j.expneurol.2012.01.011
https://doi.org/10.1016/j.expneurol.2012.01.011
https://doi.org/10.1111/j.1471-4159.1989.tb09133.x
https://doi.org/10.1002/(ISSN)1531-8257
https://doi.org/10.1002/(ISSN)1531-8257
https://doi.org/10.1155/2016/9291713
https://doi.org/10.1074/jbc.M309204200
https://doi.org/10.1074/jbc.M309204200
https://doi.org/10.1002/(ISSN)1531-8249
https://doi.org/10.1016/j.ccr.2005.02.010
https://doi.org/10.1016/j.ccr.2005.02.010
https://doi.org/10.1016/j.bbrc.2004.03.110
https://doi.org/10.1038/33416
https://doi.org/10.1093/hmg/ddg304
https://doi.org/10.1093/hmg/ddg304
https://doi.org/10.1111/(ISSN)1471-4159
https://doi.org/10.1111/(ISSN)1471-4159
https://doi.org/10.1006/bbrc.1997.6132
https://doi.org/10.1006/bbrc.1997.6132
https://doi.org/10.1007/s12291-009-0017-y


     |  7 of 7AN et Al.

The Journal of Comparative Neurology,	 500,	 585–599.	 https	://doi.
org/10.1002/(ISSN)1096‐9861

Park,	H.	 R.,	 Lee,	H.,	Hwayong,	 P.,	 Jeon,	 J.	W.,	Cho,	W.	K.,	&	Ma,	 J.	 Y.	
(2015).	Neuroprotective	effects	of	Liriope platyphylla	extract	against	
hydrogen	 peroxide‐induced	 cytotoxicity	 in	 human	 neuroblastoma	
SH‐SY5Y	cells.	BMC Complementary and Alternative Medicine,	15,	171.	
https	://doi.org/10.1186/s12906‐015‐0679‐3

Polymeropoulos,	 M.	 H.,	 Lavedan,	 C.,	 Leroy,	 E.,	 Ide,	 S.	 E.,	 Dehejia,	 A.,	
Dutra,	A.,	…	Athanassiadou,	A.,	et	al.	(1997).	Mutation	in	the	alpha‐
synuclein gene identified in families with Parkinson's disease. Science,	
276,	2045–2047.	https	://doi.org/10.1126/scien	ce.276.5321.2045

Shen,	L.,	&	Ji,	H.	F.	(2013).	Low	uric	acid	levels	in	patients	with	Parkinson's	
disease: Evidence from meta‐analysis. British Medical Journal Open,	3,	
e003620.

Shendelman,	 S.,	 Jonason,	 A.,	 Marlinat,	 C.,	 Leete,	 T.,	 &	 Abeliovich,	 A.	
(2004).	DJ‐1	is	a	redox‐dependent	molecular	chaperone	that	inhibits	
α‐synuclein aggregate formation. PLoS Biology,	2,	1764–1773.

Taira,	T.,	 Saito,	Y.,	Niki,	T.,	 Iguchi‐Ariga,	S.	M.,	Takahashi,	K.,	&	Ariga,	H.	
(2004).	DJ‐1	has	 a	 role	 in	 antioxidative	 stress	 to	prevent	 cell	 death.	
EMBO Reports,	5,	213–218.	https	://doi.org/10.1038/sj.embor.7400074

Tu,	P.	 F.,	 Jiang,	Y.,	Guo,	Y.	H.,	 Li,	X.	B.,	&	Tian,	Y.	Z.	 (2011).	Cistanche	
research and its industrial development. Chinese Pharmaceutical 
Journal,	46,	882–887.

Yan,	Y.	(2018).	Analysis	of	chemical	and	in	vivo	components	of	Cistanche.	
Dissertation	Database	of	Minzu	University	of	China.

Zhang,	H.	N.,	An,	C.	N.,	Xu,	M.,	Guo,	D.	A.,	 Li,	M.,	&	Pu,	X.	P.	 (2009).	
Protocatechuic acid inhibits rat pheochromocytoma cell damage 

induced	 by	 a	 dopaminergic	 neurotoxin.	Biological & Pharmaceutical 
Bulletin,	32,	1866–1869.	https	://doi.org/10.1248/bpb.32.1866

Zhang,	 H.	 N.,	 An,	 C.	 N.,	 Zhang,	 H.	 N.,	 &	 Pu,	 X.	 P.	 (2010).	
Protocatechuic	 acid	 inhibits	 neurotoxicity	 induced	 by	 MPTP	 in	
vivo. Neuroscience Letters,	474,	99–103.	https	://doi.org/10.1016/j.
neulet.2010.03.016

Zhang,	Z.,	Wang,	Q.,	&	Pu,	X.	P.	(2007).	The	inhibitive	effects	of	over‐ex‐
pression	of	DJ‐1	gene	on	oxidative	 injury	 in	SH‐SY5Y	cells	 in	vitro.	
Chinese Journal of New Drugs,	16,	1854–1857.

Zhou,	W.	B.,	&	Freed,	C.	R.	 (2005).	DJ‐1	up‐regulates	glutathione	syn‐
thesis	 during	 oxidative	 stress	 and	 inhibits	A53T	α‐synuclein	 toxic‐
ity. Journal of Biological Chemistry,	280,	 43150–43158.	 https	://doi.
org/10.1074/jbc.M5071	24200	

Zhou,	W.	B.,	Zhu,	M.,	Wioson,	M.	A.,	Petsko,	G.	A.,	&	Fink,	A.	L.	(2006).	
The	oxidation	state	of	DJ‐1	regulates	its	chaperone	activity	toward	
α‐synuclein. Journal of Molecular Biology,	356,	 1036–1048.	 https	://
doi.org/10.1016/j.jmb.2005.12.030

How to cite this article:	An	C,	Pu	X,	Wang	Q,	Zhang	H.	
Cistanche	extracts	ameliorates	the	neurotoxicity	induced	by	
hydrogen	peroxide	in	new	mutant	DJ‐1‐transfected 
neuroblastoma cellular models. Brain Behav. 2019;9:e01304. 
https ://doi.org/10.1002/brb3.1304

 21579032, 2019, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/brb3.1304 by SE

A
 O

R
C

H
ID

 (T
hailand), W

iley O
nline L

ibrary on [28/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/(ISSN)1096-9861
https://doi.org/10.1002/(ISSN)1096-9861
https://doi.org/10.1186/s12906-015-0679-3
https://doi.org/10.1126/science.276.5321.2045
https://doi.org/10.1038/sj.embor.7400074
https://doi.org/10.1248/bpb.32.1866
https://doi.org/10.1016/j.neulet.2010.03.016
https://doi.org/10.1016/j.neulet.2010.03.016
https://doi.org/10.1074/jbc.M507124200
https://doi.org/10.1074/jbc.M507124200
https://doi.org/10.1016/j.jmb.2005.12.030
https://doi.org/10.1016/j.jmb.2005.12.030
https://doi.org/10.1002/brb3.1304

