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ABSTRACT: Oxidative stress and iron accumulation are tightly associated with neurodegenerative diseases.
Mitochondrial ferritin (FtMt) is identified as an iron-storage proteinlocated in the mitochondria, and its role in
regulation of iron hemeostasis in neurodegenerative diseases has been reported. However, the role of FtMt in
hydrogen peroxide (HO2)-induced oxidativestress and iron accumulation in neuronal cells has not been studied.
Here, we overexpressed FtMt in neuroblastoma St$Y5Y cells and induced oxidative stress by treating with
extracellular H202. We found that overexpression of FtMt significantly prevented ell death induced by RO,
particularly the apoptosis-dependent cell death. The protective effects involved inhibiting the generation of
cellular reactive oxygen species, sustaining mitochondrial membrane potential, maintaining the level of anti
apoptotic protein Bcl-2, and inhibiting the activation of pro-apoptotic protein caspase3. We further explored the
mechanism of these protective effects and found that FtMt expression markedly altered iron homeostasis of the
H20: treated cells as compared to that ofontrols. The FtMt overexpression significantly reduced cellular labile
iron pool (LIP) and protected H202-induced elevation on LIP. While in HO2treated SH-SY5Y cells, the increased
iron uptake and reduced iron release, in correlation with levels of DMTI(-IRE) and ferroportin 1, resulted in
heavy iron accumul ati on, the Ft Mt overexpressing cells
transport proteins and in the level of LIP. These results implicate a neuroprotective role of FtMt on kD2-induced
oxidative stress, which may provide insights into the treatment of iron accumulation associated
neurodegenerative diseases.

Key wods: mitochondral ferritin, hydrogen peroxideron, oxidative stresdabile iron pool

Iron is an essential component for activities of numerolmecause of its ability to form highly reactive hydroxyl
proteins and enzymes tretecritical for cell respiration, radicals in the presence of hydrogen peroxidi€,) [6].
proliferation and signal transductiofl, 2]. Iron The production of these reactive oxygen spe@€3S) in
metabolisn in the body is strictly controlled, andneurons can damage cellular macromolecules including
disruption of iron homeostasis would cause sevepgoteins, lipids and DNA, and finally the triggered
diseases. Recently, neurodegenerative disorders thatdative stress will induce apoptosis of the neurdhs
associaté with iron accumulation in neurons, such as].

Parkinsonés and Al zhei mer Besgitin dsiasubigquioassirostodage vmteinain the act e
moreand more attentiof8-5]. Excess iron is highly toxic cytosol that forms a spherical shell by 24 subunits and
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accommodates up to 4500 iratoms[9, 10]. Most in accordance with the regulation by the iregulatory
intracellular iron is stored in the cytosol by bindity protein (IRP)[32]. However, thefunctionsof the iron
ferritin. In mammalian cells, two ferritin subtypbave storage protein in mitochondria, FtMiy H>O, induced
been dbund, Hferritin and L-ferritin. The former subtype oxidative stressin neuronal cefl have not beenstudied.
has ferraidase activity essential for the storage of fre®#V/e hypothesized that FtMt may playnaur@rotective
iron in ferritin, while the latter has a nucleation site that iole in HO; induced cell stress. Thus, we overexpressed
involved in ironcore formation[1l, 12]. It has been FtMt gene in the neuroblastoma &Y5Y cells to see if
reported that ferritins exert cellular protective rolesn increase of FtMt expression can sequester more free
against iroamediated free radical damage induced by @aon and counter the #@,-induced iron accumulation and
variety of sourcegl10, 13]. In neuronal cells, elevated cell damage. We further investigd its effectson iron
ferritin expression has been shown to protect the MPTRietabolism and the mechanisms of neuroprotection in
induced experimental PD modelell [14]. Therefore, it H>O.-induced apoptosis. This study would be useful for
appears that neuronal cell survivalaisodependent on understanding the roles of FtMt in neurodegenerative
the cellular level of ferritin. diseasesIt may provide insight into discovering new
Mitochondrial ferritin (FtMt) is a ferritin type protein therapeutic methadfor treatment of iron overloaglated
targeted to mitochondriaand has been characterizedneurodegenerative disorders.
structurally and functionally anajous to the well
characterized cytosolic -Férritin [15]. FtMt has been MATERIALS AND METHODS
shown to modulate cellular iron metabolism dramatically
[16-19]. Previous studies suggested that overexpressiGell lines and HO- treatment
of FtMt caused redistribisn of iron from cytosol to
mitochondrig 16, 19, thus high levels of FtMt resulted in The stable FtMexpressing SFEY5Y cell line (FtMt
an iron deficient phenotype in cytosgR0]. The SY5Y) and pcDNA3.1{) empty vector transfected cell
expression of FtMt is restricted to mitochondrfaellsof line (vectorSY5Y) were generated as described
testes, theentral nervous system, and some other higireviously[23]. Briefly, the amplified mouse FtMt cDNA,
oxygenconsumption tissue$2l], indicating that the with a Gterminal hemagglutinin (HA) epitope sequence,
major role of FtMt may be protecting mitochondria fromwascloned into pcDNA3.1j vector to generate construct
iron-dependent oxidative damage in cells charactebyed FtMt-pcDNA3.1¢)[20]. The plasmids of FtMt
high metabolic activity and oxygen consumptif#?]. pcDNAS3.1¢) and empty vector were transfected into- SH
Our previous studies haveuiod that~tMt overexpression SY5Y cells, and stable transfectants were selel@gd
protected ehydroxydopaminenduced dopaminergic cell The expression ofmouseFtMt protein was confirmed
damage, potentially playing an important neuroprotectiwvith western blotting bysing antiHA antibody[23].The
rol e i n Par Ka3nSsudies dyampandlae anslagenous expression of human FtMt inS&¥bY cells
et al. revealeda protective roleof FtMt in Friedreich was very low as compared to the levels of overexpressed
ataxia a disease characterized byitochondrial iron mouse FtMt as measured by HRTR [23]. The cell
overload and oxidative damaf®t, 25]. FtMt expression viability and apoptotic rati@f FtMt-SY5Y cellshad no
also inhibited tumor growth due to cytosolic irondifference compared to the witgipe (WT) SH-SY5Y
deprivaton [26]. The protective role of FtMt against cells [23], but the growth of FtMASY5Y cells was
oxidative stressn other disease modelsas alsobeen significantlyslower[26].
suggestd [22, 27-30]. These studies demonstrated that TheWT SH-SY5Y cells, FtMtSY5Y cells and vecter
FtMt is not oy involved in storing cellular iron, buhay  SYS5Y cells were maintained in Dulbecco modified Eagle
also play a role in protecting mitochondria from ironmedium supplemead with 10% fatal bovine serum, 100
dependent oxidative damaf?-30]. U/ml penicillin and 100 U/ml streptomycin. After the cells
In this study, we aimed to investigate the role that FtMeaching ~80% confluency, B, were added to a final
playsagainst the oxidativetresd¢o mitochondriainduced c oncent rati on of 100 &M (or &
by H20.. A recent study by Deegt al revealed the effect experiment), and cells were then incubated &t 3ar 24
of H2Otreatment on LIP level and cellular iroptake,-  h prior to analysis.
storage andrelease proteins in the neuroblastoma cell
line SHSY5Y [31]. They found that iron heavily Antibodies and Chemicals
accumulated in SKBY5Y cells after HO»treatment, and
iron-release protein  FPN1 significantly decreaseqRabbit antih u ma ractinb antibody, rabbit antat
whereas ifroru pt ake protein [l .dDATti+IRE) aatigody, rabbie antat DMT1(IRE)
Interestingly, they also found the expression of ifon antibody, antmouse FPN1 antibody and ardit TfR1
storage protein Herritin wasdecreased, which was notantibody were purchased from ADI (San Antonio, TX,
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USA); antthuman Hferritin and Lferritin antibodies Measurement of the labile iron pool (LIP) level

were purchased from Abcam (Cambridge, MA, USA);

antrhumancaspase@ antibody andantirmouse Bax and The LIP level was determined by the quenching of calcein

Bcl-2 antibody were purchased from Santa Cruftuorescence as described previou$B6, 37]. After
Biotechnology (Santa Cruz, CA, USAabbit antimouse treatmeh wi t h  or  WpOp for @duhtthe dells0 ¢ M
FtMt polyclonal antibody[21] and mouse antiuman were harvested, washed, and resuspended in PBS (pH 7.4)
FtMt monoclonal antibody33] were gifts from Prof. buffer containing calcei# M (0. 25 e M fi
Sonia Lei. The salicylaldehyde isonicotinofilydrazone concentration), and incubated for 30 min alN37The

(SIH) was synthesized as described by Patkd. [34].  excess calceidM on the cell surface was washed 8ut

Unless otherwise stated, all chemicals were purchasgfles with PBS. The fluorescence intensity of cale&in

from Sigma Chemical Co. (St. Louis, MO, USA). was quantified by a fluorescence spectrophotometer
_ (Hitachi F4500), at an excitation wavelength of 4&&
Western blotting and an emission wavelength of 525 nm. When the

baseline was st ablentratior§Wwad (100
After H:O, treatment (100e M 24 h), ells were added, and the increaisefluorescence intensity reflected
homogenized and lysed with RIPA buffer and proteithe levels of calceibound iron. Three independent
content was determined by the Bradford assay. Aliquogkperimentsvere performed for each treatment.
of cell lysate containingpproximately30 ¢ g pootein
wereimmediatelymixed with loading bufferandboiled  Detection of intracellular oxidative stresROS assay
for 10 minutes. Equal amounts of protdor different
cells were loaded, resolved by sodium dodecyl suifatentracellular ROS were ersned using 27"
polyacrylamide gel electrophoresis (SP8GE) and dichlorofluorescein diacetate (DEBA) as described
transferred to a PVDF membrane. The blots were blockpdfore[38]. Aft er treat ment -Qwi th o
by incubating with 5% nonfat milk in PBS daining for 24 h cells were harvested, washed, and resuspended
0.1% Tween 20 (PBS) for 1 h, and hybridized with in PBS corainingDCFDA (10 &M fi nal C on
primary antibodies. After washing 3 times for 15 minutegnd incubated for 30 min at B7. Cells were washed
peroxidasecoupled secondary ahtdies, and detected measured by a fluorescence spectrophotomeitar488
with the ECL plus Western Blatig Detection Reagents y excitation and 525 nm emission wavelengligee
(Pierce Biotechnology, Rockford ILSix independent jhgependent experimentsvere performed for each

experimentsvere performed for each treatment. treatmentThe data were expressed as a percentage of the
o fluorescence relative to the fluorescence ofutheeated
Cell viability assay WT control cells.

Cell viability was assessed by vital dye reduction with 3Hetection of mitochondrial membrane potential (MMP)

(4, 5dimethylthiazol2-yl)-2, 5diphenyttetrazolium

bromide (MTT) [35]. Briefly, SHSYSY cells were changes in th®IMP with or without HO, treatmen{100
seeded in a 9%ell plate at a density of 2xt@ells/well. ¢ \ 24 h) of SHSY5Y cells were determined by
After attachment, bD, was added to cell culture in measuring the retention of rhodamine 123 using flow
60, 80,100,120, 140 emol /L, amj@dchohdidid BnditdRator df the MMPhEells were
subsequent 24 h at §7. H:O; treated or untreated cellsjncubated with rhodamine123 at a final concentration of 5
were incubated in MTT (0.5 mg/mL) for another 3h,and M f or 3 O\. Afiemwashing twac with PBS,
then cels were lysed with DMSO, and the absorbance gj,orescence was recorded at 488 nm excitation and 525

microplate reader (Richmond, CARIl samples were experimentsvere performed for each treatment.
measured in six independent experiments.

) ) Measurement of iron uptake and release
Detection of cell apoptosis
_ Fe (°FeCk, PerkinElmer Life Sciences Company,
After H20O, treatment (10@ M 24 h), ell poptosis was yellesley City, MA) solution was prepared by mixing
detected by using annexin V/P| assay by flow cytometsgrecy, with FeSQ in a molar ratio of 1:10 followed by a
as described previous]23]. 50-fold molar excess of-thercaptoethanol and 0.27 M
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sucrose (pH 6.5) as described previoJd§, 41]. The For measurement of iron release, the cells were
H.O, treated(1 0 0 , 24Mh)or untreated cells (about incubated with®FeCk solution for 30 min and then
1x10° cells) were washed three times with PBS buffeswashed three times with PBS. The cells were then
and added witf*FeCk solution (1 mM) for 30 min at 37 incubated with 1 ml PBS at 37 for 30 min. The

N and then washed three times wiBJ The cells were supernatant was collected. The cells were homogenized
homogenized in buffer containing 1% sodium dodecwyfter washing three times with PBS. Both supernatant and
sulphate (SDS), and aliquots of the total cell extract wecell extract were assayed for radioactivity. Percentage (%)
assayed for released radioactivity with Liquidof 5°Fe release (cpm in supernatant) / (cpm in
Scintillation  Analyzer (Beckman) and proteinsupernatant cpm in cells) x100%.

concentrations by Lowry methodlhree independent

experimentsvere performed for each treatment.
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Figure 1. Effects of FtMt on cell viability and apoptosis ratios of cells treated with HO2. (A) The expressions of exogeno!
mouse FtM{top pane) and endogenous human Ftidottom panel) in FtMt overexpressed transfectants (Ftiere examined by
western blot using anthouse and antiuman FtMt antibodies, respectively. KSBR6 is a human FtMt overexpressing cell lit
(a gift from Prof. Sonia Levi), which is used as a positive conf®). The wildtype (WT) SHSY5Y cells, empty vectol
transfectants (vector), and FtMt overexpressed transfectants (FtMt) were treated with increasing concentrations (0, 20,
100,12 0, 1 4 020:£fov34 h.€4ll vidbility was measured with tHdTT assay. Data werpresened as percentage of tt
cell viability compared with untreated WT control cellSD, n=6 (##p < 0.01 vs. the kD.-treated vector control cellsCJ The

relative apoptotic ratios of control and FH8Y5Y cells with or withotiH202 treatmen{100¢ M 24 h)weredetermined by flow

cytometry(Ci and Cii) Data werepresengéd as means SD; n=3 (**, p < 0.01 vs. the untreated cells of same genotypep ##
0.01 vs. the ED2-treated vector controls).
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Statistical analysis generated previously was ude@d]. Wild-type SHSY5Y
cells and pcDNAS.1] empty plasmid transfected cells
All statistical analyses were completed using SPSS 2XMectorSY5Y) were used as controlEhe expression of
software. Results are presented as means = SD. TR&Mt in FtMt-SY5Y cells was confirmed (Fig. 1A). The
statistical analyses of group differences were assesseddwel of overexpressed mouse FtMt was much higher than
a twoway analysis of variamc (ANOVA). P-values of that of the endogenous human FtMheTcell viabilityof
<0.05 were considered to be statistically significdht; the three cell linesvas determineafter H.O treatment
<0.01 was considered to be remarkably significant. for 24 h Results kowed that HO> reduced cell viability
in all three cell linegn a concentratiomlependent manner
RESULTS (Fig. 1B). However, after H)O. treatment at
concentrationsof 60, 80, 100, 120 and40 ¢ M cell
FtMt overexpression rescued neuronal cell deathviability in FtMt-SY5Y cells wasignificantly higher than
induced by HO; treatment that of the vecteBY5Y cells(P < 0.0], Fig. 1B). With
100 eoOdtredinent the viability of SH-SY5Y and
Previous studies have indicated that Ftplays an vectorSY5Y cells were decreased td0%, whereas the
important rolein protectingcells from irondependent viability of FtMt-SY5Y cells only had a ~11% decrease
oxidative damage[23, 25, 27, 30], particubrly in 1 0 0 otHMD.treatmentas then used for the following
neurodegenerative diseasd42, 43]. In order to assays.These results indicated that®b induced cell
investigate the role dftMt in hydrogen peroxide (#D.)- damage andhat overexpression of FtMt in SISY5Y
induced neuronal cell damage, a stable FtMtellsimproved cell viability.
overexpressing neuroblasma cell line, FSA5Y,

A 20 0O Control
WT vector FtMt 1.5 F BH202 treated _I_ it

e
-
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- + —  + — + H,0, a
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B-actin | S —— e— a——— | | ]) < |—I- |—I— rI‘I'I_I
0 . : ,
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Figure 2. FtMt protected cells from apoptosis by maintaining Bct2/Bax ratio and inhibiting activation of caspase
3. (A) The protein expression levels of Brland Baxn H2Oztreated(1 0 0 , 24 M)or untreated cells werdetermined
by westerrblot (right panel) and ratios oBcl-2/Baxwere calculate@ndpresengd as meatt SD (left panel) n=6 (* P
< 0.05and**, P <0.01 vs. the untreated cells of same genotypep##0.01 vs. the kD2-treated vector controls)Bf
Expression levels of caspa8eand cleavedaspase& wereshown(right panel) Ratios ofcleavedcaspase/caspase
were calculate@ndpresenéd as meatt SD (left panel) n=6 (**, P <0.01 vs. the untreated cells of same genotypeg;
p <0.01 vs. the HOz-treated vector controls).
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A
25 ¢
& * o Figure 3. FtMt attenuated H202-induced
&= r _I_ —I— increases in ROS level and BD2-induced
Tf # decreases inMMP . (A) Cells treated with or
e OControl wi t hout HxD:00024 bvidre detected fol
-4 BH20? treated ROS production by 2;dichlorofluorescein
gy ' diacetate (DCFDA) fluorescence. The relativ:
& fluorescence level for each group against tha
05 the WT untreated control is expressed as nie:
SD, n=3 (** P < 0.01 vs. the untreated cells
0 . . g same genotype; # < 0.01 vs. the kKD.-treated
B WT vector FtMt vector controls). B) The MMP of H2O: treated
(1 0 0 , 24 Wor untreated cells asdetected by
= 0r the fluorescence of rhodamine 123. Data
g _#0r presenéd as means of fluorescence intensity
Sz 400 —} {_ + # SD, n=3 (* P < 0.05 vs. the untreated cells «
2 E 350 | . -]_L same genotype;,# <0.05 vs the HO-treated
-5 300 * vector controls).
§§ 250 F OControl
.T.E% 200 F B H20?2 treated
S5 150
£2 100 }
e 50
& 0
wT vector FtMt

To explore if the rescue effect of FtMt was resulteceduced BeR/Bax ratios P < 0.01, Fig. 2A). However,
from increased resistance of FtRY5Y cells against the FtMt overexpressed Rit-SY5Y cells maintained the
apoptosis induced byB,, the apoptotic rates in vector levels of both BeR and Bax, showing eelatively small
SY5Y and FtMt-SY5Y cells were quantified by flow change in the Bek/Bax ratio P < 0.05, Fig. 2A). HO-
cytometry after annexin V and PI staining. After treatetteatment also caused caspdasactivation in SHSY5Y
wi t h 1 0d)fore24vh, thie ratio of apoptotic vector cells andvectorSY5Y cells, as shown by the increased
SY5Y cells increased from 4.7% to 39.5P<(0.01, Fig. cleavedcaspas8 levels (Fig. 2B), whereas the activation
1Cii, indicated by*); the apoptotic ratio dFtMt-SYSY wasndét o b s e r-Sy&¥cells. Theseliiralingg t Mt
cells also increased (from 4.9% to 16,5P6< 0.01). indicate that FtMt significantly maintains the normal level
However, when comparing the increases between Ftidt Bcl-2/Bax and prevents the activation of caspase
overexpressing cells and vector control cells, the FthMirotect the cells againkbO.-induced apoptosis, thereby
overexpressing cells had significantly lower number girotecting cells from death.
apoptotic cells® < 0.01, Fig 1C, indicated by ##). The
resultsinferred that FtMt has a significant aafpoptotic FtMt attenuated HO--induced increases in ROS level
rolein H2Oz-induced cell damage. and HOzinduced decreases in mitochondrial

membrane potentia{]MMP)
FtMt maintained Bcl2/Bax ratio and inhibited the
activation of caspas8 Evidences have strongly suggested thaapoptosisis

closely linked to production of damaging ROS during
Bcl-2 and Bax are an#ipoptotic and prapoptotic electron transporf?7, 45], thereforewe determined the
proteins, and the B&/Bax ratio has been widely used toeffect of FtMt expressih on the ROS levghy measuring
monitor apoptosi$44]. To further confirm if the rescue the ROSdependent fluorescence of DCIA using flow
effect of FtMt on cell death was resulted from decreasiraytometry[38]. TherelativeROS levels of different cells
cell apoptosis, the ratios of B2IBax for vectorSY5Y  with/without HO. treatment andheir differences are
and FtMtSY5Y cells with/without HO- treatment were shown in Fig 3A. The BO;treatments led to significant
guantified by western blotting. In vect8Y5Y cells, increases in intracellular ROS production in both- SH
dramatic decreases in B2llevels and increases in BaxSY5Y and vectolSY5Y cells as compared to the
levels were observed aftep®b treatment as compared tountreated controls?(< 0.01).In contrast the ROS level
that of the untreated control group, causing obvioushf FtMt-SY5Y cells only increased slightly by.8;
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treatment as compared to the untreated control. Thiedistributes intracellular irofil6, 20]. To further clarify
indicates that although tFhteMtobvse epeerbpnisecensteldaath,the LIFFIevis
alter the intracellular ROS levels in S$¥5Y cells under in different cell lines were quantified bysing iron-
normal conditions, it can significantittenuatéhe HO,-  specific fluorescence probe calcéiM. Accessible free
induced increase in ROS Ky which therefore protects iron quenched by calcein was quantified and shown in
the SHSY5Y cells from oxidative damage. Fig. 4. The FtMt overexpressing cells indeed hadelow

amount of LIP as compared with the WT-Si5Y cells

(P < 0.05, indicated by &). bD- treatment dramatically

N 3 raised the LIP levels in W&nd vector transfected SH
2 ok SY5Y cells P < 0.01, indicated by **), but it only led to
£ 25¢ e By a minor increase in the LIP ldgén FtMt overexpressing
2 Lt S cells. These results infer thae largelyincreased LIP in
£ SH-SYS5Y cells, followingH2O; treatmentyesults in the
< 15} O Control increasedROS and apoptosias observed above.h&
e o BH202 treated protective role of FtMt overexpression on®4-induced
B elevatonin LIP is remarkably significant.
s 05
2 FtMt inhibited H2O.-induced elevations in iron uptake
0 ' ' ' and reductions in iron release

WT vector FtMt

Figure 4. FtMt overexpression significantly decreagd Iron-induced oxidgtive stress can be very destructive
cellular LIP levels in both H:0; treated (1 0 0 , 2aM)and ~ Pecause of a positivieedback loop developed from the
untreated cells.LIP levels were determined by the quenchi  €lease of more free iron from the iroantaining
of calcein fluorescence method using fluoresce  Proteins, such as ferritin, heme proteins andrdusters
spectrophotometer. The relative LIP level as compared to  [7]. As a result, the toxic effect of iron overload in
untreated control was calculated gmésened as meast SD;  neuronécells is exacerbated. To clarify the mechanisms
Zzgé;*’vft%ﬁtxf@ t;i;r:/téi?(;fdcgﬁ‘tjfj:mp?%ng{ys:;;fﬁe of FtMt in regulating intracellular iron homeostasis and
HoOm-treated vector controls) ’ : ' the consequent neuroprotective role in neuronal cells, the
22 . . . .

iron uptake and release were determined°bg isotope
tracer experiments in vect®Y5Y cells and FIMISY5Y
cells after treated with #D,. The results showed that the

The state ofMMP is an indicator of the metabolic . B .
activity of mitochondria and closely relates tocellularSSFe uptake increased significanittyall cell lines

mitochondrial dysfunction and ROS overproduc{ionaﬂerHZQZtreatmen(P<0'0:!' Fig. 54), but the increased
induced apoptosig39. To examine theunderlying amount in FtIMISY5Y cells is much less than thattbg

protective mechanism of FtMt on mitochondria, the MMI%’ECtOFSY5Y controls P < 0.0, indicated by #y The
of the three different cell linesasmeasured. The results €. r€léase in the control vec®¥5Y cells decreased

showed that LD, treatment decreased MMP bysignificantly (P<0.0;LFig._ 5B), whereas iron release in
approximately 36% and 38% in SBY5Y andvector FtMt-SY5Y cells only slightly decreased. These results

SY5Y cells P < 0.0, Fig. 3B), respdovely, ascompared suggest that 4D, causes c_ellsl;o uptake more iFO”' but
with the untreated control groups: however, in Frmielease less; therefore, iron accumulates_ in cytosol.
SY5Y cells, the MMP decreased only about 12% (FiglOWever. when FtMt overexpresses, it jzly

3B). These results indicate that FtMt maintainshheéP counteracts these effects_ and maintained a relatively low
and protects against the mitochondrial damage induced§/!ular iron level, protecting cells from damage.

H20.. o . . .
22 FtMt maintained iron transport proteins at relative

FtMt significantly decreased intracellular labile iron Stéady levels

pool (LIP) levels . . o
To explore the proteste function of FtMt on oxidative

Excess ferrous ion (B8 canresult inthe generation of damage at molecular level, we examined the alterations of

ROS which damage cellular macromolecules including "0 transpI(IJIr_t proteins induced byz®k treatment” in
proteins, lipids and DNA, andonsequently triggers different celllines. In SHSY5Y and vectorSY5Y cells

apoptosig6-8, 46]. It has been shown that FtMt Couldfollowing_ H20, treatment, thel iron efflux - protein
mobilize iron into mitochodria and dramatically ferroportin 1 (FPNI) significantly decreasg < 0.0,
Fig. 6A). The iron uptake proteins, transferrin receptor 1
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(TfR1) and divalent metal transporter 1 with irorand DMTIX-IRE) may account for the observed
responsive element( DMT1( +1 RE) ) , idtriacetllnlé@riton acesumwatyn in SHSY5Y cellscaused
significant changes (Fig. 6B and 6@utDMT1 without by HO, treatmen{31].

iron responsive element (DMTIRE)) increased

dramatically P < 0.01, Fig. 6D) The changes in FPN1

A B
g2 " 80 r
S # | OControl = 70 F 0 Control
a, =
2 0T * | mH202 treated 2 60 f ## |BH202 treated
= [
= \C: 50 F
817 S at| |,
Y z 30 |
s S F s 20 F
= s 10|
[ 0 1 0 .
vector FtMt vector FtMt

Figure 5. FtMt overexpresdon attenuated the H202-induced increase of*Fe uptake and decrease of°Fe release Detailed
determinations were des crA)Predptakenevels Mere shown asliren cancentratiors.tDat@ re
meanst SD; n=3 {, P <0.05,and**, P < 0.01 vs. the untreated cells of same genqtype< 0.05 vs. the HO2-treated vector controls
(B) 5°Fe release levels were the percentages of iron in supernatant of cell cultusetagdiinon (sum of supernatant and cell lysat
Data represent meansiSB=3 (*, P <0.01 vs. the untreated cells of same genqtig < 0.01 vs. the HO.-treated vector controls

In contrast to SKBY5Y cells and vecte8Y5Y cells, significantly decrased afteH.0O, treatment P < 0.01).
H.O, treatment didé significantly alter FPN1 TfR1, However, the FtMt overexpressing cells had low levels of
DMT1(+IRE) and DMT1(-IRE) levels in FtMt-SY5Y cytosolic L-ferritin, despite with or withoutH>O>
cells (Fig. 6A-D). The expression levels of TfR1, treatment. The Herritin levels in all three cells decreased
DMT1(+IRE) and DMT1(-IRE) in H.O. treated FtMt slightly, but not statisticall\significant (Fig. 6F). These
SY5Y cdls were significantly different from that in results indicated that.O. induced downregulations of
treated vecteBY5Y cells (indicated by # or ##,< 0.0b  cytosolic ferritins, particularly Herritin, and that FtMt
or 0.01, respectively Fig. 6B-D). These results overexpression counteract these effecs. The FtMt
demonstrated that FtMt overexpressing cells maintain&¥Y5Y cells had low levels ofytosolic ferritirs, which
the iron transport proteins at relatively steddyels, were consistehwith their low intracellular LIP levels,
protecting them from damages induced bk attesting the iron redistributing function of FtMt.

In addition, we found that, prior t8,O;treatmentthe
FtMt-SY5Y cellsalonehad lower FPN1 expressigR < DISCUSSION
0.05, indicated by &, Fig. 6Aand higher TfR1 expression
(P < 0.0) thanthe untreated vecte8Y5Y controk. These At normal condition, cells were in a balance between ROS
findings were consistent with our previous observationand antioxidant. Once the balance was disrupted, cells
[23] andmay attribute taellularregulatonsin response would be exposed to oxidative stress damage. ROS
to low LIP levelcaused by FtMt overexpression destroys the enzymes in cytosol, induces lipid

peroxidation, decreas@dMP, and further leadsot cell
FtMt inhibited H.O»-induced reductions in cytosolic apoptosis. Iron is one of the important activators that lead
ferritin levels to oxidative stress damaf@ 46]. Thus, the iron level in
the body is under strict control, adgsregulatiorof iron
The effects oH20, treatmentbn cytosolic ferritin levels homeostasis could causeeediseases. FtMt, airon-
in different cells were also determined. As shown in Figtorage protein in mitochondrihas been reportetd be
6E, L-ferritin levels in SHSY5Y and vectoiSY5Y cells involved in iron redistribution from cytosol to
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mitochondria[15, 16, 20]. Recently, FtMt wagnainly Al z h e

recognized for its protective role insgiases associatedthe effects of FtMt on kD>induced neuronal cell damage

i me r[@Bs27].dni thisestady,eveexplored

with iron-dependent oxidative damag@3-25, 27-29], and furt her i nv e satthemaecuad
although that FtMt sensitizeztlls to oxidative stresgas level.
also reporte@7]. Our previous studies have indicated the
neuroprotective role of Mti n Par ki nsondés di sease and
A WT  vector FtMt B WT vector FtMt
+ — + — + H)0, + — + H)0,
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Figure 6. FtMt repressed the alterations of iron release and uptake protelns induced biy202 treatment

(100 ,24M) FPN1 @), TfR1 B), DMT1(+IRE) (C), DMT1(-IRE) (D), L-ferritin (E) and Hferritin (F) levels
were determined by western blots.répreserdtive blot image for each protein andiite s p e @dtin was
shown. The expression levels in different groups vedeulated by normalizing the specific bands tartr
r e s p e eattin bamds The elative expression levelas compared to WT untredteontrol group were
calculated angiresenédas meanaSD, n=6(*, p <0.06 vs. the untreated cells of same genotypgy & 0.05 vs.
the untreated vector contro¥s;p < 0.06 and##, p < 0.01 vs. the bkD2-treated vector controls).
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Figure 7. A schematic representation of the proposec
neuroprotective mechanism of FtMt on H202-induced
neuronal cell damage Extracellular H202 changes the
expression of iromelated proteins particularly iron-release
protein FPN1 and iroanptake protein DMTXRE), resulting in
an increase in the intracellular LIEvel. The freeiron may
donateelectrons for the generation of ROS, aheén cell is
triggeredto begin the process pfogrammed cell deathvhich
involves the signdings of Bcl-2, Bax and caspase.:
Alternatively, the overexpreed FtMt may withdraw iron from
the cytoplasmic pool, decreasing LIP level. This in tL
attenuates bkDz-induced neurotoxicity and reduces oxidati
damageThe damaing effects caused b0z treatment were
indicated with red arrows, while the protective effect of FtMt
LIP level was indicated by a green arrow.

An FtMt overexpressing neuroblastoma-SM5Y cell
line is used to better investigate the functions of FOi:

results indicated that overexpression of FtMt significantl

protected neuroblastoma cells fromQ4 induced

apoptosis, whickvas due to the restiion effects of FtMt

on the increase of intracellular ROS and the decrease
MMP, thus protecting cells from oxidative stress.
mediated apoptosis. On the molecular level, we found thﬁ1
H>O.decreased the expression of Band increased the

level of Baxdramatically in SHSY5Y and vectoiSY5Y
cells, while thechanges of BeR/Bax ratio inFtMt-SY5Y

cells were much smaller Our results also showed that
caspase3, another important member of the apoptoti

family, was activatetdy H,O, treatment in SEFBY5Y and

vectorSY5Y cells, lading to caspase-dependent cell
apoptosis. However, in the FtMt overexpressing cells,
obvious increase in cleavedspas8 level was observed.

It has been reported thabt® can modulate cellular
iron metabolism [48, 49). It affects cellular iron
acquisition by both IRRtlependent andindependent
mechanisms, and modulates intracellular iron distributi
at a timedependent manner by unknown mechanis

[48]. Consistent wittthis, our results showed that after
H.0, treatment, cellular LIP levels greatly increased in
SH-SY5Y and vectoiSY5Y cells, reaching more than 2
times of the untreatecelis. This change may attribute to
two aspects. One is the observed higher iron upakie
lower release, correlating with lower expression of iron
efflux protein FPN1 and higher iron absorption protein
DMT1(-IRE); the other reason might be the internal iron
release from various intracellular ir@ontaining sources
including ferritin,induced by oxidative stress aftep®
treatmen{47, 48, 50].

The reduction of FPN1 is consistent with the ew
published study by De\et al.[31], in which the role of
extracellular HO; in regulation of iron homeostasis
related genes was exhaustively investigated. They
conduded that the substantially reduced FPN1 may be
responsible for iron accumulation in the@® treated
cells, whereas the alterations of other it@arsport
proteins were not obvious. However, they only
determined total DMT1 hevel s,
Here, we found that the DMTL1(+IRE) showed a
statistically insignificant decrease following H20>
treatment which was likelydue tothe increased iron
binding activity of IRP1 as reported previou§ty7, 50].

But interestingly we found that the IRihdependent
DMT1(-IRE) expressed to aignificantly higher level.
DMT1(-IRE) is an important protein involved in iron
transport, bwever, its molecular mechanism was still
unknown[51, 52]. We hypothesized that the incredse
expression of MTL1(-IRE) on cell membrane may
account for the increase of iron absorption obseirvedr
S5Fe isotope tracer experiments; in addition, the DMT1 on
membrane of cell organellesuch as membranes of
lysosome and mitochondri®3, 54], may also elevate,
kely playing important roles in iron redistribution.

In FtMt-SY5Y cells, we found the LIP levels
significantly reducedHowever, it seems that théron
acquisition increased and iron release decreased as
mpicated by the higher TfR1 and lower FPN1 expression.
ese suggested that the increased iron influx was
preferentially transferred into mitochondria and
incorporated ito FtMt rather than into cytos§l6, 20],
which explainsthe decreasedytosolic LIP even with
higher iron acquisition and lower iron releaBespite the
Gifferences of FIMSY5Y cells fromWT SH-SY5Y on
iron metabolism, the ovexxpressed FtMt protected
H.O-induced elevation in LIP in FtMt cellSimilar to
r%ﬁe WT or vector controls, 4, treatment indeed induced
higher iron uptake and lowéon releaseén FtMt-SY5Y
cells, however, thie LI P | evel di dnot
significantly because of the overexpressed FtMt.
Consistent with these, batheiron-transport proteins and
rﬁﬂe cytosolic ironstorage proteinswere not #ered

r?otably by theextracellular HO, treatment. These all
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