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Abstract:

There is substantial interest in HFE gene variaatgutative risk factors in
neurodegenerative diseases such as Alzheimer dig&B3. Previous studies in cell
models have shown the H63D HFE variant to resultiéneased cellular iron, oxidative
stress, glutamate dyshomeostasis, and an incre&se phosphorylation; all processes
thought to contribute to AD pathology. Pinl is algkpeptidyl cis/transisomerase that
can regulate the dephosphorylation of the amylowitau proteins.
Hyperphosphorylation of these later proteins anglizated in the pathogenesis of AD
and Pinl levels are reportedly decreased in ADhbrd8ecause of the relationship
between Pinl loss of function by oxidative stress$ the increase in oxidative stress in
cells with the H63D polymorphism it was logicalitberrogate a relationship between
Pinl and HFE status. To test our hypothesis th&HEFE would be associated with
less Pinl activity, we utilized stably transfeckeanan neuroblastoma SH-SY5Y cell
lines expressing the different HFE polymorphismader resting conditions, total Pinl
levels were unchanged between the wild type andDH8BE cells, yet there was a
significant increase in phosphorylation of Pinltaserine 16 residue suggesting a loss of
Pinl activity in H63D variant cells. To evaluateettner cellular iron status could
influence Pinl, we treated the WT HFE cells witloganous iron and found Pinl
phosphorylation increased with increasing levelsaf. Iron exposure to H63D variant
cells did not impact Pin1 phosphorylation beyorat #iready seen suggesting a ceiling
effect. Because HFE H63D cells have been showate more oxidative stress, the cells
were treated with the antioxidant Trolox which désaiin a decrease in Pinl
phosphorylation in H63D cells with no change in WFE cells. In a mouse model
carrying the mouse equivalent of the H63D alldler¢ was an increase in the
phosphorylation status of Pinl providing in vivadance for our findings in the cell
culture model. Thus, we have shown another cellakechanism that HFE
polymorphisms can influence that increases thditpue role as risk factors for
neurodegenerative diseases.



1. Introduction

Alzheimer disease (AD) is a neurodegenerative desézat results in cognitive
deficiencies along with neuropathological changetuiding accumulation of amyloid-
beta (A) plaques and neurofibrillary tangles (NFT) [148umerous studies have
discovered that biometals such as iron, copperzardcan directly impact AD
pathological markers [4-6]. Iron has been showditectly regulate amyloid precursor
protein (APP) synthesis via an iron responsive el@nn the 5’ UTR of APP mRNA [7].
Furthermore, iron and other metals have been faunéuritic plaques and also influence
amyloid-beta (4) aggregation [5, 8-10]. The aggregation of taugiroleading to NFT
pathology is also impacted by iron [11, 12]. Itiear from these data that metal
homeostasis in the brain is essential for healthinbaging and that identification of
genetic and environmental factors that may distiuptiometal homeostasis is critical to

identifying pathogenic mechanisms leading to neegeterative processes.

One such factor that combines gene and environmtanaction iSHFE. The gene is
located on chromosome 6 and has been investigatagmerous genetics studies as a
possible risk factor for developing or modifying AlDset [13]. HFE protein is a major
histocompatibility class-1 like molecule that ipogted to be involved in iron regulation
[14] and innate immunity [15, 16]. One of the reedrfunctions of HFE protein is to
complex with transferrin receptor (TfR) at the cakmbrane to decrease TfR affinity for
iron uptake [14]. When the H63D HFE variant is eg3ed, the ability to limit iron
uptake is lost, resulting in increased cellulanifd4, 17]. The elevated cellular iron

levels associated with the H63D can lead to oxigadiress [17, 18] and exacerbate the



inflammatory response of macrophages [19]. Recewiyhave reported that cells
carrying the H63D HFE have alterations in glutanteimeostasis and tau
phosphorylation [20, 21]. These proposed funct@ndFE and the data on H63D HFE
are directly relevant to AD pathogenesis mechant$sinvolve iron, oxidative stress,

and neuroinflammation.

The prolyl-peptidyl isomerase Pinl can affect nwouasrcellular mechanisms, such as
protein localization, protein interactions, protdephosphorylation, transcription
activity, enzymatic activity, protein stability, dmeell cycle regulation [22-24]. Of
specific interest to AD, Pinl can regulate the phasylation of APP and tau at the
Threonine 668 and Threonine 231 residues, respdg{i®5-28]. A deficiency in Pinl
expression and/or activity appears to lead to toermulation of A fragments and NFT
formation suggesting this enzyme could be a keyleggr of proteins involved in AD
pathology [26, 28, 29]. Moreover, a study investiigg mild cognitively impaired (MCI)
patients found Pinl to be oxidatively modified augjgested this change could impact
progression to develop AD [30]. Given the inteiesind potential for H63D variants of
HFE to increase the risk of AD [13], we examined itmpact of H63D on Pinl in a cell
line and newly developed animal model. Specificallg hypothesized that the presence

of H63D HFE would be associated with decreased utivity.



2. Materials and methods

2.1 Chemicals and antibodies

Cell culture reagents including DMEM/F12, DMEM, p&inep/glutamine and Geneticin
were purchased from Invitrogen (Carlsbad, CA, U3#tal bovine serum was purchased
from Gemini Bio-Products (West Sacramento, CA, USAJ protein assay was obtained
from Bio-Rad (Hercules, CA, USA). A rabbit polgnal Pinl antibody was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USWjabbit polyclonal Pinl (serine

16) antibody was purchased from Cell Signaling Tebdbgy (Beverly, MA, USA).

2.2 Cell culture

Human neuroblastoma SH-SY5Y cell lines were obthinem American Type Culture
Collection (Manassas, VA, USA). Human neuroblast@&haSY5Y cells were stably
transfected to express wild-type and H63D HFE foasmipreviously reported along with
a vector alone control [31]. We have previouslyoréed that these cells were chosen
because endogenous expression of HFE could nattbetdd. The transfected cells were
maintained in DMEM/F12 media supplemented with 1eB&, 1% antibiotics (pen-
strep-glutamine), 1x nonessential amino acids,1a8d/L sodium bicarbonate. Cells
were differentiated with 10 uM all-trans retinomd(Sigma-Aldrich, St. Louis, MO,
USA) over six days [32]. To evaluate cellular irefifects, cells were treated with ferric
ammonium citrate (FAC) or desferrioxamine (DFO) o048 hours (Sigma-Aldrich, St.

Louis, MO, USA) [17].

2.3 Cell lysate preparation



Cells were lysed with RIPA buffer supplemented wlith Triton X-100 and protease
inhibitor cocktail (Sigma Aldrich, St. Louis, MOPhosphatase inhibitor (Sigma Aldrich,
St. Louis, MO) was included in cell lysis buffer fohosphorylation protein detection.
Cells extracts were spun at 8,009 for 10 min. Total protein levels were determingd b

Bio-Rad DC protein assay.

2.4 Enzyme linked immunoabsorbant assay (ELISA)

The phosphorylation of APP at threonine 668 wasrd@hed using a DuoSet IC ELISA
assay (R & D Systems, Minneapolis, MN, USA). An iobilized capture antibody for
multiple APP isoforms that binds phosphorylated anphosphorylated protein was used
to coat the wells of a 96 well microplate overnighthosphorylated APP threonine 668
protein standards were added to achieve a stacdard to determine the specific
amount of phosphorylated APP in unknown HFE cetigias. A biotynalated detection
antibody recognizing APP threonine 668 was usetktect phosphorylated APP using
standard streptavidin-HRP. The ELISA assay plata® read at 450nm and 540nm to
correct for optical imperfections. All solutionsaasthroughout were provided or
prepared according to the manufacturer’'s recomntenda This ELISA experiment was
performed using samples in triplicate per genofpvo dilution concentrations along
with the known standards for the phosphorylated A#€onine 668 proteins, resulting in
a total of six samples for analysis.

A monoclonal antibody specific for human tau phasplated residue threonine 231 was
coated onto the wells of the microtiter strips pded (Invitrogen, Carlsbad, CA, USA).

Standards of known phosphorylated tau threoninegp28teins were processed to achieve



a standard curve to determine the specific amoluplhosphorylated protein in the
unknown HFE cell samples. The ELISA assay platenead at 450nm. This ELISA
experiment was performed using samples in triptigestr genotype at two dilution
concentrations along with the known standardstHerghosphorylated tau threonine 231

proteins, resulting in a total of six samples foalgsis.

2.5 Western blot.

Cells lysates were obtained as described abovenfimiwe to forty g total protein was
equally separated by electrophoresis in a 4-20%vdlPCriterion gel (Bio-Rad,

Hercules, CA). Protein was then transferred tar@eellulose membrane and blocked for
1 hr at room temperature in TBS-T with 5% nonfalkror 1.5% BSA (phosphorylated
protein detection). Membranes were probed with arimantibodies in TBS-T with 5%
nonfat milk overnight at 4°C. The membranes wecsllrated with antibodies specific for
total Pinl (1:1000), Pinl serine-16 (1:500), @rattin (1:5000). HRP-conjugated
secondary antibodies were added in 5% nonfat railld fhr at room temperature. Protein
signals were obtained by chemiluminescence andlead by CCD camera. All western
blot experiments were repeated at least twice avithinimum of four different cultures
per genotype per experiment, resulting in a tot&ight samples for analysis. The bands
on the western blot were quantified by densitomesing Fuji MultiGauge analysis

software.

2.6 Mouse model



H67D knock-in mice of mixed C57BL6 x 129SvEv gendtackground were developed
similar to the H67D mouse model of Tomatsu andeagues [33]. Homozygote H67D
and wild-type mice were generated by intercrosl6gD heterozygote mice. Genotype
was confirmed by PCR analysis. All of these miceearaaintained under normal
housing conditions in accordance with Penn Staigeddsity's IUCAC policy for animal
use, which is in agreement with the NIH Guide foe Care and Use of Laboratory
Animals. Male and female mice at 6 months of ageeveeamined. Protein for
biochemical analysis was obtained from mice bramaval after the mice were

anesthetized.

2.7 Statistical analysis

The Student’s t-test was used for analyzing HFEamadicomparisons when one variable
was being determined. Experimental data where ssmmwpére treated with various agents
(i.e. iron or desferrioxamine) and compared withtoals were analyzed by one-way
analysis of variance. Differences among the measrs wonsidered statistically
significant when th@ value was <0.05. If overghl <0.05, Tukey’s Multiple Comparison
post hoc analysis was performed. Data are presastédte mean = S.E.; GraphPad Prism

software (version 4.0) was utilized to perform statistical analysis.



3. Results

3.1. HFE effects on Pinl levels and phosphorylation

The first study was designed to examine total Ranatein expression as a function of
genotype. No significant differences were foungj(fe 1). The function of Pinl can be
altered by its phosphorylation state at its seti®eesidue, which is located at the center
of the phosphorylated serine/threonine-proline iniggbocket [34, 35]. Therefore we
used the analysis of phosphorylated Pinl as agateanarker for Pinl activity. The
phosphorylation of Pinl at its serine 16 residue gignificantly increased (30%) in cells
expressing the H63D variant (p<0.01) compared @ovdttor and wild type HFE cells
(Figure 1). These data would suggest that theappsoximately a 30% decrease in the

activity of Pinl in H63D cells.

3.2 The impact of cellular iron on Pinl

Because HFE is involved in regulating cellular istatus and we have shown that there
is more iron in the labile iron pool in cells camy the H63D variant, the second study
was to determine if iron could impact Pinl1 phosplaiion status. Upon, treating the
wild type HFE cells with ferric ammonium citrateAE), total Pinl protein expression
was unaffected (Figure 2A) but the phosphorylatbRinl1 at serine 16 increased in a
dose dependent manner (Figure 2B). However, afgrdifces in Pinl phosphorylation
in the H63D carrying cells treated with FAC did me&ch statistical significance at

p<0.05 at the same concentrations of iron providedT cells (Figure 2B).

3.3 Removal of iron affects Pin1 phosphorylatiotdifE H63D cells



To continue to evaluate the sensitivity of Pinl gpfworylation to iron availability, WT
and H63D cells were treated with the iron cheld&sferrioxamine (DFO). Pinl
phosphorylation was unaffected in the WT HFE dajlsron chelation but was decreased

with 10 uM DFO treatment (p<0.01) in the H63D HF&H tines (Figure 3).

3.4 Antioxidant affects Pin1 phosphorylation in HAE3D cells

Increased cellular iron can result in oxidativess$t There is evidence of oxidative stress
impacting the cellular activity of Pinl [30, 36,]3hd we have shown increased indices
of oxidative stress in H63D expressing cells [THerefore, we treated the cells
expressing the HFE variants with Trolox, a vitafeianalog to decrease cellular
oxidative stress. Pinl phosphorylation decreaspdoapnately 20% with Trolox
treatment in H63D cells (p=0.0257), but was uncledng the control WT expressing

cells treated with Trolox (Figure 4).

3.5 HFE and Pinl Alzheimer’s disease protein sabssdr

Pinl has been shown to regulate the phosphorylafi&D related proteins [25, 26, 28].
Therefore, APP phosphorylation at its threonine B88due was measured in HFE cells
by enzyme-linked immunoabsorbant assay (ELISA). AR&sphorylation was increased
in vector cells by approximately 65% (p<0.01) coneglato cells expressing wild type
HFE (Figure 4). Cells expressing the H63D variaad B0% less APP threonine 668
phosphorylation (p<0.05) with respect to WT HFH@Figure 5). Tau threonine 231

phosphorylation was evaluated by ELISA and wasetesad in vector cells (p<0.01) by



42% and H63D expressing cells (p<0.05) by 33% coetpto cells expressing WT HFE

(Figure 5).

3.6 Pinl levels and phosphorylation in an H67Ddgmmic mouse model

To further assess the impact of H63D HFE on Pirelemamined Pinl levels and
phosphorylationn vivo. We evaluated the H67D HFE mice, which expresdi point
mutation H67D that is homologous to human H63D [338}tal Pinl levels were not
changed among the mice expressing an H67D allelpared to wild type mice (Figure
6). Pinl phosphorylation levels at its serine Xichee were significantly increased in
H67D homozygous mice (p<0.05) and H67D heterozygaige (p<0.05) compared to
wild type mice, respectively (Figure 6). These datéher support our cell culture

findings demonstrated in this manuscript.



4. Discussion

The H63D variant of HFE gene is under examinat®a ask factor for
neurodegenerative diseases [13]. We have estathleshell model in which to directly
examine the impact of HFE polymorphisms on an etissr homogenous genetic
background in a controlled culture condition. Thatcolled conditions are essential to
understanding the contribution of HFE gene variégmtseurodegenerative disease
because of the likelihood of gene/environment adgon given the availability of iron in
the environment. Our working hypothesis for H63DBEHfene variants and
neurodegenerative disorders is that the H63D all@riants does not in itself cause
disease but creates a permissive or enabling aetuilieu for pathogenic agents. We
have previously reported that expression of thelHBEE variant in stably transfected
SH-SY5Y cells results in increased cellular st@3$, altered glutamate homeostasis
[21], and increased tau phosphorylation [20]. Ottigastress and glutamate
excitotoxicity are indirectly thought to contribute neurodegeneration in AD whereas
tau phosphorylation is more directly implicatedpast of the pathogenesis of AD [38,
39]. In this study, we extend these observatiorshtiw that Pinl, an enzyme responsible
for regulating phosphorylation of amyloid and teualtered in cells expressing H63D
HFE and in a mouse model expressing H67D the hwegaivalent of the H63D gene

variant.

Total Pinl expression levels were found to be ungbd between the HFE
polymorphisms and the transfection vector con®all phosphorylation at serine 16 was

significantly increased in cells that expressedHB&D variant compared to wild type



HFE cells implying Pinl activity is decreased. W@anded the cell culture results into
evaluating total Pin1 and phosphorylated Pinlmcaise model expressing the
equivalent of the H63D HFE polymorphism. The daterfthe H67D HFE mice studies
showed similar results to the cell model as total Revels were unchanged and Pinl

phosphorylation levels increased with expressioamnH67D allele.

To determine the cause of the increased phosphiorylaf Pinl, we examined cellular
iron status and oxidative stress because of theque literature indicating a relationship
between oxidative stress and H63D and the vulnisabf Pinl to oxidative stress.
H63D HFE cells have more labile iron in the cytdddl, 19] than WT HFE cells. To
determine if the higher iron content was potentiediated to the increased
phosphorylation of Pinl, we treated the wt cellthumcreasing amounts of iron which
resulted in a dose-dependent increase in phosgttiorylof Pinl. We also challenged the
H63D HFE cells with more iron to determine if wautshfurther increase the
phosphorylation of Pinl but increasing amountsatf did not significantly increase
Pinl phosphorylation suggesting a ceiling effe¢telating iron resulted in a reduction of
Pinl phosphorylation in the H63D HFE cells but imathe WT HFE expressing cells.
The cellular iron effects on Pinl based on HFE gg®are consistent with a higher
labile iron pool in the H63D cells that is availald alter phosphorylation status of Pinl

and can be mimicked by elevating the iron statubenWT HFE cells.

The iron effect on Pinl could be indirect due tadakve stress through the Fenton

reaction [4, 40]. Higher indices of oxidative sgessociated with the H63D HFE allele



have been demonstrated in our cell line and hurasiamg data [17, 18, 41]. To
determine the role of oxidative stress, we tretttedHFE polymorphism carrying cells
with the antioxidant Trolox, a vitamin E analog.the WT HFE cells, there was not a
change in Pinl1 phosphorylation following Trolox espre but Trolox treatment in the
H63D cells resulted in a decrease in Pinl serineht&phorylation. These data suggest
that Pin1 activityunder resting conditions in the presence of H63EH$ affected by
oxidative stresOur data are consistent with the findings of otjre@ups [30, 36, 37]

showing that Pin1 can be impacted by oxidativesstre

The increase in Pinl phosphorylation at serinenl&sociation with the H63D HFE
mutation could lead to cellular changes assocaiddAD, specifically the inability to
dephosphorylate APP and tau proteins [25, 27,RiB]L is an intracellular regulator of
amyloid and tau protein phosphorylation at the Afffeonine 668 and tau threonine 231
amino acid residues, which appear to be importatii¢ pathological generation oA
plaques and tangles [26, 28, 29]. To evaluate ¢tinsequence of altered Pinl function in
H63D variant cells, we determined the phosphomytatf APP threonine 668 and tau
threonine 231 levels in HFE expressing cells. Ssimpgly, we found a significant
decrease in APP phosphorylation in H63D cells caegbéo cells expressing wild type
HFE. Furthermore, a significant reduction at thettaeonine 231 residue occurred in the
H63D expressing cells, consistent with previoudifigs [20]. These data are not
consistent with the reduction in Pinl activity i63D variant cells. The apparent
inconsistency may be explained by our previousntepfca reduction in cyclin-dependent

kinase 5 (cdk-5) expression and activity in H63Dypwrphism expressing cells [20].



Cdk-5 has been shown to regulate the phosphorglafithese proteins at the threonine
668 and threonine 231 specific sites of APP andrespectively [38, 43-46].
Furthermore, the indirect evidence of decreasei &utivity data in the H63D cells are
consistent with the increased GSR-&ctivity associated with expressing the H63D
variant [20]. Min and colleagues showed that lithiinhibition of GSK-3 resulted in an
increase in Pinl activation suggesting that reqdab SK-3 may affect Pinl’s ability to
dephosphorylate its substrates such as tau [4€sdtata, in association with our
findings that Trolox effects on Pinl in this stuahe affected by H63D HFE expression
are compelling evidence that the HFE polymorphiboutd be considered when
evaluating treatment strategies in neurodegenerdiseases. We conclude that the
discovery of HFE, implicated as putative risk fadtwr neurodegenerative disease such
as AD can impact Pinl is clinically meaningful agiden the abundance of iron in the
diet and environment, further investigation is \@ated into the gene-environment

interaction between HFE polymorphisms and iron.
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Figure 1: Pinl levelsand phosphorylation. Expression of total Pinl protein and Pinl
activity determined by its serine 16 phosphorylatieas measured in an HFE
polymorphism stably transfected SH-SY5Y cell lineviiestern blot. The data show that
there were no significant differences in total Pimatein levels. Pinl phosphorylation
was significantly increased in H63D expressingscglk0.01) compared to cells
containing wild type HFE. Experiments were perfodméth a minimum of four
different cultures per genotype. Representativaemedlot images are shown with
graphs displaying differences in expression deteeohby densitometric analysis. One-
way ANOVA was performed to analyze the data folldvay Tukey’s post-hoc analysis.
Data are represented as mean = S.E. The symbpk®.01) indicates a significance
difference from wild type HFE.

Figure 2: Cellular iron effects on Pinl expression and phosphorylation. We added
increasing amounts of ferrous ammonium citrate (JF&Cells expressing wild type and
H63D HFE. Total Pinl protein levels were not chahggh iron treatments (A). Pinl
activity decreased with increasing amounts of iroa dose-dependent fashion in wild
type cells (10 pM, p<0.01) and (30 uM, p<0.001l)nakcated by an increase in Pinl
serine 16 phosphorylation (B). Additionally, wether challenged the H63D cells by
treating them with iron in the form of FAC. H63Dprssing cells did not achieve a
statistical significant increase in Pinl seringph@sphorylation with iron treatments (B).
Experiments were performed with a minimum of foiffedent cultures per genotype.
Representative western blot images are shown wétphg displaying differences in
expression determined by densitometric analysie-@Way ANOVA was performed to
analyze the data followed by Tukey’s post-hoc asialyData are represented as mean +
S.E. The symbols ** (p<0.01) and *** (p<0.001) icdie significance from the
respective non-treated group.

Figure 3: Iron cheation and Pinl phosphorylation. Increasing amounts of the iron
chelator desferrioxamine (DFO) were added to @{fgessing wild type and H63D
HFE. Pinl activity was measured by western blopWiasphorylation of Pinl at serine
16. Pinl activity was not altered when WT cellseveeated with DFO. DFO treatment
of H63D cells resulted in an increase in Pinl atgtias indicated by a decrease in
phosphorylation of Pinl at serine 16. At 5 uM DRE@re was not a significant
difference compared to the non-treated H63D grbljgmn treating the H63D cells with
10 uM DFO, there was a significant decrease (p30rORin1 phosphorylation.
Experiments were performed with a minimum of foiffedent cultures per genotype.
Representative western blot images are shown wétbhg displaying differences in
expression determined by densitometric analysie-Way ANOVA was performed to
analyze the data followed by Tukey’s post-hoc asialyData are represented as mean +
S.E. The symbol ** (p<0.01) indicate significancerfh the respective non-treated group.

Figure4: Trolox treatment and Pinl phosphorylation. HFE polymorphism stably
transfected SH-SY5Y cells expressing wild type BIS@D variant were treated for 72
hours with 20QuM Trolox, a water-soluble vitamin E analog to asskesffect of
oxidative stress on Pinl activity determined bytessblot. Trolox treatment had no
effect on WT HFE cells. There was an increase i Rictivity upon treating H63D cells



with Trolox as evidenced by a decrease in Pinheetb phosphorylation (p=0.0257).
Student’s t-test was performed to analyze the dki® are represented as mean + S.E.
The symbol * (p<0.05) indicates a significance eliéince from baseline H63D HFE.

Figure5: HFE effectson Alzheimer disease Pinl substrates. The phosphorylation of
amyloid and tau proteins at threonine 668 (t668) taneonine 231 (t231), respectively,
has been shown to be impacted by Pinl activity. 8B protein levels were increased
in vector cells (p<0.01) compared to wild type Hedlls determined by an ELISA assay.
APP t668 levels were decreased in H63D expresshg) (©<0.05) compared to WT
HFE cells. Tau t231 protein levels were decreaseactor (p<0.01) and H63D cells
(p<0.01) with respect to cells expressing wild ty{feE. The vector only cells are a
control for transfection, but because the cellsdibexpress detectable HFE [17] they are
not the appropriate comparison for the effect ef 63D allelic variant. Experiments
were performed with a minimum of four different twks per genotype. One-way
ANOVA was performed to analyze the data followedTlnkey's post-hoc analysis. Data
are represented as mean = S.E. The symbols * (pxar@ ** (p<0.01) indicates a
significance difference from wild type HFE.

Figure6: Pinl levels and phosphorylation in an H67D transgenic mouse model.

Total Pinl protein and phosphorylation levels wagtermined in 6 month old H67D
knock-in mice. The mouse H67D point mutation is btgous to the human H63D
polymorphism. There were no significant differencesotal Pinl protein levels among
homozygous H67D/H67D (-/-), heterozygous H67D (#and wild type (+/+) HFE mice.
Pinl phosphorylation levels at its serine 16 residere significantly increased in H67D
homozygous mice (p<0.05) and in H67D heterozygoigse 1fp<0.05) compared to wild
type mice, respectively. Experiments were performald a minimum of three mice per
genotype (n=3). Data are represented as mean #HBeEsymbol * (p<0.05) indicates a
significance difference from the WT (+/+) HFE mi€&epresentative immunoblot images
are shown with graphs displaying differences inregpion determined by densitometric
analysis. One-way ANOVA was performed to analyz=dhta followed by Tukey’s
post-hoc analysis. Data are represented as meda ¥ge symbol * (p<0.05) indicates a
significance difference from wild type HFE mice.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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