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Abstract

Although iron disequilibrium has been observed diegly in high-fat diet (HFD)
related insulin resistance (IR) the exact mecharsglnobscure. Herein, we explore
the potential mechanism, focusing on hepatic feogithagy flow. Male C57/6J mice
were administered with HFD or low-fat diet (LFD)rfa0 weeks, and HepG2 cells
were treated with palmitate (PA, 200 mM) for 24 WHFD led to abnormal hepatic
steatosis and decline p-AKT and p-G$Ki3y 67.1% and 66.3%, respectively. Also,
not only decreased iron level but increased endaptareticulum stress (ERS) were
observed in the liver of HFD mice and that bothnthenpaired glucose uptake and
reduced the expression of p-AKT. However, ferric nasnium citrate (FAC)
supplementation improved hepatic IR, as well as ER@at's more, HFD/PA
depleted the labile iron pool (LIP), accumulate@ @#d disturbed the expression of
nuclear receptor coactivator 4 (NCOA4) and ferriiivihile NCOA4 overexpression
or rapamycin improved the ERS and impaired gluegieke in PA incubated HepG2
cells, which was abolished by NCOA4 knockdown diltinycin Al. Taken together,
these findings suggest that HFD could restrictitieophagy flux and interfere with
iron metabolism, which resulting in hepatic IR ERS.
Keywords: ferritinophagy flux; nuclear receptor coactivatgrefdoplasmic reticulum

stress; hepatic insulin resistance; high-fat diet



1. Introduction

Insulin resistance (IR) is a common feature adtabolic disorders including
obesity, nonalcoholic fatty liver disease (NAFLD)dadiabetes, which contribute to
the major public health issue in the world (Sam&eShulman, 2016)The main
target of IR includes skeletal muscle, white adgtissue and liver, and in particular,
the liver is crucially responsible for systemic gise homeostasis by producing
glucose during fasting and stores glucose (Pet&s&nulman, 2017). And the liver
is the source of 70% of endogenous glucose duastgng (Magnusson, Rothman,
Katz, Shulman, & Shulman, 1992hus, hepatic IR has been assumed as one of the
main intervention targets for various chronic metabdiseases.

Iron is an essential micro-element. On one handersé studies found that
excessive iron deposition may be one of the rigkofa for insulin resistance and
diabetes (Simcox & McClain, 2013; Zhou et al., 2010On the other hand, the
deficiency of iron could initiate a variety of mbtdic changes on lipid and glucose
metabolisms besides typical iron deficiency ane(iiamei et al., 2010). Recently,
iron dysregulation has been frequently observedinduithe progression and
development of chronic metabolic diseases. Epidiemical investigations revealed
that iron deficiency is common in obesity, whichyniee caused by increased hepcidin
induced by chronic low-grade inflammation(Chengydit, Cook, O'Connor, Rooney,
& Steinbeck, 2012; Manios et al., 2013 merging laboratory studies showed that
iron was decreased as a consequence of chronicfdtighiet (HFD) regime or

palmitate (PA) treatment (Jung et al., 2015; Someret al., 2012). Also, PA could



deplete intracellular labile iron pool (LIP) andathiron supplementation significantly
protects cells from death(Jung et al., 2015).

Endoplasmic reticulum stress (ERS) has been weéed as one of the central
pathways to stimulate hepatic IR (O. K. Kim, JunL&e, 2015; Lee, 2017). It was
frequently reported that iron chelation induced@psis via the ERS pathway (J. L.
Kim et al., 2016; Seo, Li, & Wessling-Resnick, 2D1I& addition, our previous study
revealed that ERS is involved in HFD induced hepateatosis and rescuing ERS
improved hepatic IR (Yu et al., 2018; Zhu et al12). We therefore suppose that iron
deficiency induced by HFD may lead to hepatic IR HRS. However, the exact
mechanism of the iron disturbance in HFD induceghtie IR is still unclear.

As a specific cargo receptor, nuclear receptoctdestor 4 (NCOA4) mediated
ferritinophagy plays a critical role in intracebul and systemic iron homeostasis
(Bellelli et al.,, 2016; Mancias, Wang, Gygi, Harpe Kimmelman, 2014).
Physiologically, iron is stored in ferritin wheroir excess while during iron demand
iron atoms could be released and that ferritinstare up to 4500 iron atoms(Arosio,
Ingrassia, & Cavadini, 2009; Quiles Del Rey & Mas;i 2019). NCOA4 delivers
ferritin to the lysosome and mediates the seledivi®phagic degradation of ferritin
(Mancias et al., 2014). Besides, metabolicallyv&cforms of intracellular iron are
components of a cytosolic labile iron pool (LIPhdaron released from degradation
of ferritin induces an increase in cellular LIP (o, Glickstein, Vaisman,
Meyron-Holtz, Slotki, & Cabantchik, 1999). Our prews study showed that

autophagy and mitophagy played an important roldfD-induced hepatic steatosis



(Liu et al., 2018). However, it is not known whetHerritinophagy is involved in
HFD induced hepatic IR. In the present study, weestigated the effect of iron
dysregulation in HFD mice and PA incubated HepGk an hepatic IR, focused on
ferritinophagy regulation.
2. Materialsand methods
2.1. Chemicals and reagents

Thapsigargin (TG), deferoxamine (DFO), ferric ammom citrate (FAC) and
NCOA4 antibodies were purchased from Sigma-Aldr{tJSA). Dp44mT was
purchased from Selleck chem (USA). Calcein-AM wdgamed from Dojindo
(Japan). Antibodies specific for GAPDH, p-AKT (Sé®}, t-Akt, p-GSK3,
t-GSK33, p-ElIFzZn, t-ElFa, p-IREla, t-IREla, XBP1 and p62 antibodies and
horseradish peroxidase (HRP) secondary antibodye wmocured from Cell
Signaling Technology (USA). Mouse antibodies spedibr NCOA4, heavy-chain
ferritin (HFT) and light-chain ferritin (LFT) werpurchased from Abcam (USA).
ATF6 and Grp78 antibodies were purchased from S@nte Biotechnology Inc
(USA). 2-NBDG was provided by Thermo Fisher (USAafilomycin Al,
Rapamycin, Wortmannin, 4-phenylbutyrate (4-PBA) &itF-083010 (STF) and
MG-132 were purchased from MedChemExpress (USAgollyacker Red DND-99

(LTR), were purchased from Invitrogen. (USA)

2.2 Experimental Animal and Treatment
Five-week-old male C57BL/6J mice were purchasedmfr&ino-British

Siper/BK Lab Animal Ltd (Shanghai, China). All arafa were treated following the



‘Guiding Principles in the Care and Use of Animagproved by Tongji Medical
College Council on Animal Care Committee. The migere housed with a 12 h
light/dark cycle with free access to diets and waiée animals were randomly
divided into two dietary groups (n = 10/group): (&yv-fat diet (LFD, 10% energy
from fat); (2) HFD (60% of energy from fat). Thewdat diets (MD12031) and
high-fat diets (MD12033) were purchased from thelMience (Yangzhou, China).
After 10 weeks, the liver tissues were collectethe Tdiet composition as we
previously described (Yu et al., 2018).

2.3. Hematoxylin and eosin (H& E) staining

H&E staining was performed as previously descrifgdu, Yao, Liu, Guo,
Jiang, & Tang, 2020).

2.4. Oral Glucose Tolerance Test (OGTT) and Insulin Tolerance Test (ITT)

The OGTT and ITT were performed 1 week before mseaerificed as
previously described (Zhao et al., 2011). For OGJllicose 1.5 g/kg as a 50% wi/v
solution in water by oral administration. For ITTrhan insulin (0.75 IU/kg) was
administratedy intraperitoneal injection. All the blood glucosxel was measured
from tail veins using Accu-Chek glucometer (Rochadnostics GmbH, Mannheim,
Germany).

2.5. Céll culture and treatment of palmitate
HepG2 cells were maintained in DMEM with 10% fdtaline serum (FBS), 1%
v/v penicillin-streptomycin at 37°C and 5% CO2 asplbere as previously

described(Liu et al., 2018) HepG2 cells were celtiuin 20QuM PA or deferoxamine



(DFO, 5QM), ferric ammonium citrate (FAC, 1), 4-phenylbutyrate (4-PBA,
50QuM), STF-083010 (STF, 10@M), TG (IuM) MG132(10 pM), Bafilomycin Al
(Baf, 50 nM), Wortmannin (Wor, 20Q@M ) and Rapamycin (Rapa, 100 nM) for 24h
And the cells were collected for bioassays.

For the preparation of PA: the palmitate (50 mMifh M NaOH) incubated at 70
for 30 min complexed to fatty acid-free bovine seralbumin (BSA) (5.5 mM) at
371 for 1hin a 2:3 volume ratio as previously desatilféwon, Lee, & Querfurth,
2014). The control BSA was prepared by mixing 1 ail0.1M NaOH and 1.5mL
fatty acid-free BSA.

2.6. Western Blot Analysis

Liver tissues and HepG2 cells were homogenized lgseld in RIPA Lysis
Buffer (1% Triton X-100, 1% deoxycholate, 0.1% SDH)e total protein extraction
of the lysates was measured by BCA protein assayBldyotime Biotechnology,
China). Immunoblotting was performed as the martufac's guidelines (Bio-Rad,
Hercules, CA). The membranes were blocked with ahing buffer (4 mM Tris—
HCI, 30 Mm NaCl, 0.1% Tween-80, pH 7.6) containbfy skimmed milk for 2h.
And then each target band was incubated overnight &C with the specific
antibody and 1h at room temperature with correspmndecondary antibody. The
membranes were washed and detected subsequerthE®It plus kit in Western
Blotting Detection System (Amersham BiosciencefléiChalford, UK). Optical
densities of the membranes were quantified by Indageftware. The concentration

of all the antibodies diluted according to the esponding specifications.

2.7. Total Hepatic Iron and Labile Iron Pool (L1P) Assay
The total hepatic iron and LIP levels of the livegre determined according to our

previous description(Tang et al., 2014). Iron s@resifluorescent dye Calcein-AM



was used to determine the LIP level in HepG2 catisording to the previous
description (Sturm, Goldenberg, & Scheiber-MojdehRa03).
2.8. Glucose Uptake Assay

After washing three times with PBS, the HepG2 celise immediately incubated
in KRBH buffer in the presence of 100 nM insulinfdre the addition of 2-NBDG
(100 u M) for 30 min at 37 °C as previously described AQang et al., 2018). The
images were obtained by an inverted fluorescenagostope (Olympus, Japan).
And the software used to get images is MShot Infag®ysis System.
2.9. Immunofluorescence

Liver tissues and HepG2 cells were processed asopidy described (Liu et al.,
2018). The primary antibodies used were Heavy ecfanitin (1:200, Abcam),
NCOA4 (1:200, Sigma-Aldrich) and LAMP2 (1:200, Saruz) in 10% goat serum
albuminat 4 °C overnight, followed by incubation with sadary antibodiefor 2 h
and DAPI (Beyotime) for 5min at room temperaturdieTsecondary antibodies
(1/800, Invitrogen) were as follows: Alexa flutb 647 goat anti-rat IgG, Alexa
fluro™ 488 goat anti-rabbit IgG and Alexa flufr555 goat anti-mouse IgGhe
tissues were observed by a laser scanning confacabscope (LSM 900 Carl Zeiss
Inc., Germany) and the cells were photographed ruaate inverted fluorescent
microscope (Olympus, Japan). And the software wsagkt images are ZEN 2012
and MShot Image Analysis System, respectively.
2.10. Adenovirus-Mediated Overexpress of NCOA4 and siRNA-Mediated

Knockdown of NCOA4 in HepG2 Cells



NCOA4 Adenovirus (Ad-NCOA4, NM-005437.3) transfecti HepG2 cells were
seeded onto 6-well plates, When HepG2 cells grawfOo, the cells were
transfected with Ad-NCOA4 or Ad-null (Vigene, JindPhina) as previously
described.

Human NCOA4 siRNA transfection: Once grown to 708aftuence in
antibiotic_/free medium, HepG2 cells were transfected with Emtrfering
(si)-RNA against NCOA4 or scrambled siRNA usingdfggctamine® RNAIMAX
(Invitrogen; USA) according to the manufacturerstpcol. And the si-h-NCOA4
purchased from RiboBio (Guangzhou, China; 5- GCTGATAGTTCAGCAA -3).
After 48h of transfection, the cells were treatethwA (20QuM) with or without
other intervention for 24 h. And the transfectidiiceency was verified by western
blot.

2.11. Statistics

The data are shown as the mean * standard errdd)(SBata with two groups
were compared using Student t test. Comparisonseleet multiple groups were
assessed by One -way ANOVA with Bonferroni analySitatistical analysis was
performed with prism 5.0. P < 0.05 was consideredtatistically significant
difference.
3. Results
3.1 HFD induces Hepatic steatosis and insulin resistancein mice

As shown in Fig.1A, mice fed with HFD showed a #igantly higher body

weight gain from the fifth week till the end of tleeperiment when compared with



LFD mice. ITT and OGT test (Fig. 1B and C) showedttHFD also decreased the
Systematic insulin sensitivity. H&E staining (FiD) indicated that long term HFD
leads to liver structural disorder and severe hepzll steatosis, which showed
white vacuole-like changes. To further evaluate thlerlying mechanism of
glucose metabolism disorder, we measured the protevel of total and
phosphorylated AKT and GSIR3n liver tissue. Interestingly, HFD declined p-AKT

and p-GSK3B by 67.1% and 66.3%, respectively (Fig. 1E and F).
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Fig 1. Hepatic insulin resistance in HFD mice. (A) Bodygrdi of mice was
measured weekly (n=10). (B, C) ITT and OGTT wemddd during the ninth week
(n = 6). Values were presented as means = SEMhéDjatoxylin-eosin staining of
liver tissues. (E-F) The protein levels of p-AKTFAKT, p-GSK3 and t-GSK3 in

the liver were determined by Western bMdlues were presented as means = SEM.
*p < 0.05; ** p<0.01; ***: p<0.001 versus the LF@oup.

3.2 Theeffect of ERS and iron level on hepatic IR

To observe the effect of HFD on ERS, ERS-relatedepms were evaluated by



western blot (Fig. 2A). As shown in Fig. 2B, HFDcieased the expression of
GRP78 by 38.9%. The expression of p-kilslightly increased (Fig. 2E). However,
HFD increased p-IREi, XBP-1 and ATFG by 313%, 99.2% and 179.3 respectively
(Fig. 2C, D and F). To verify the role of ERS inddcby excessive lipid intake in
hepatic IR in vitro, we evaluated the effect of BA? an inhibitor of ERS and STF,
the IREXTr endonuclease inhibitor on p-AKT expression anctgbe uptake level of
HepG2 cells in the presence of PA. Both 4-PBA ankF Smproved p-AKT
expression and glucose uptake levels in the presesfc insulin. However,

thapsigargi(TG), an inducer of ERS aggravated the impairedaga uptake.
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Fig 2. The effect of ERS on hepatic IR. (A-F) The protiewvels of Grp78, p-IRE],

XBP-1, p-EIF2 and ATF@ in mice were determined by Western blot. (G) p-AKT

level in HepG2 cells. (H) The glucose uptake of @2pcells was tested in the

presence of insulin. Values were presented as me&tM (n=3). * p < 0.05; **

p<0.01versus the LFD or Ct group. #: p < 0.05 vetbe PA group.

To test the effect of HFD on the hepatic iron leweé measured the iron level



and found that HFD feeding decreased the total legrel and the protein of ferritin
light-chain (L-Ferritin) to 75.2% and 34.2% respeely (Fig. 3A and B). In addition,
we found that in HepG2 cells the LIP, a kind oftseexchangeable and available iron
decreased in a PA dose-dependent manner (FigMe&@gover, iron supplementation
with FAC reversed the expression of p-AKT and thegse uptake in PA incubated
HepG2 cells, and that deferoxamine (DFO), an iroalator (Fig. 3D and E) further

exacerbated the adverse effect.

A B LFD HFD D basal Insulin stimulation
" -Ferritin (MR ———|  p-AKT =
& t-AKT | === === ez sses s—es === =
B | ~——— —— ———|
= GAPDH GAPDH | s s . s . s s s—
g =08 201
E 200 * ;f é 0.6 £ g 15
3 Y E 04 2= 10] #

T 100 EE 3= - .
g 2202 5
= s 2 = 0.0 r o=
LFD HFD LFD & o \“0 XQ‘L IS Q‘Q ):“\;
\\ \"~ \\ \\
PA PA+DFO PA+FAC

3 a Ct
r
s 6
K
™ . *h
&
= <
> : N N
PAEM):: S &

Fig 3. The effect of iron on hepatic IR. Liver total irqA) were determined by

flame atomic absorption spectrometry (n=8). (B) Pphetein level of the light chain
of ferritin (L-Ferritin) (n=3). (C) LIP level in HeG2 cells was determined by
fluorescent dye Calcein-AM. (D) p-AKT level of He@Geells. (E) The glucose
uptake of HepG2 cells. The experiments were rege8&tetimes. Values were
presented as means +SEM. *p < 0.05p%0.01; ***: p<0.001 versus the LFD or Ct
group. #p < 0.05 versus the PA group.

3.3 Iron supplementation in PA incubated HepG2 cellsimproved ERS

We have observed that both decreased iron levelimeréased ERS could
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induce hepatic IRn vivo and in vitro. To demonstrate the effect of iron level on ERS,
we then evaluated the ERS level in HepG2 cells éfgating with DFO or FAC in
the presence of PA. As we showed in Fig.4A-C, RAtiment noticeably stimulated
the p-IREL, p-EIF2 and XBP-1 but did not affect the expression of BdKFig.
4D). DFO incubation exacerbated the effect of PAleviFAC reversed IREd
phosphorylation and XBP-1 expression. FurthermbBfeC improved the impaired

glucose uptake but showed no effect in the preseht&. (Fig. 4F).
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Fig 4. Iron supplementation in PA incubated HepG2 cellgrowmed ERS. The protein
levels of p-IRE&, XBP-1, ATFG: and p-EIF2 (A, B, C, D) in HepG2 cells. (E) The
glucose uptake of HepG2 cells was tested in thegpiee of insulin. The experiments
were repeated 3 times. Values were presented assmeaEM. * p < 0.05; ** p<0.01
versus the Ct group. $#:< 0.05 versus the PA group.

3.4 Ferritinophagy flux was suppressed in vivo and vitro.

Recent reports have demonstrated that NCOA4 igatrier autophagic ferritin
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degradation and that impaired NCOA4 function preoses to iron recycling
dysregulation(Bellelli et al., 2014). We therefaealuated the ferritinophagy level.
We found that the expression of NCOA4 and heavyncbiferritin (H-ferritin) were
decreased to 25.4% and 35.8% in the liver of HFR@en(Fig. 5A and B) while
showed increased in the PA treated HepG2 cells @kgand F) compared to their
control. In addition, the protein level of p62 (FBC and G) was increased and LIP

(Fig. 5D and H) decreased significanithyivo and vitro.

A —LFD ___HFD B LFD HFD (o _LED__HED_ D

n

NCOAAlE] H- ferrmn
oo — o0 [ - eAPoH—

1.0

i

=3

»n

Hepatic LIP ( pg/g)

0 T
LFD HFD LFD HFD

H

in

F G
H-ferrii [ 2 [ ]
o o0 [ —]

W

Fig 5. Ferritinophagy flux was suppressedivo and in vitro. The protein level of

:
=

Pl
=

Relative Value
(P62/G. \II)||)
E .
Labile Iron Pool
(% of Control)
7
o
o

L)
b
%
r
s 'J
»
v
7,
7,
%

1,
1,
1,
s
s

NCOA4, H-ferritin and p62 in both liver tissue (B, C) and HepG2 cells (E, F, G)
were determined by Western blot (n=3). (D) LIP laaghe mice liver was
determined by flame atomic absorption spectromgtrg). (H) LIP level in HepG2
cells was determined by fluorescent dye Calcein-ANke experiments were repeated
3 times. Values were presented as means +SEM. 0.p5% ** p<0.01; ***: p<0.001
versus the LFD or Ct group. g:< 0.05 versus the PA group.

Lysosome-associated membrane protein-2 (LAMP2)spéagritical role not only

in lysosomal biogenesis but also in the maturatimin autophagosomes and



13

phagosomes (Notomi et al.,, 2019). To further iHaigt the effect of excess lipid
intake on ferritinophagy, we did the co-stainingasn vivo and in vitro. As shown
in Fig 6A, HFD decreased the co-localization of &tep NCOA4, H-ferritin and
LAMP2. Similar results were found in PA incubatecepg®2 cells (Fig 6B).
Furthermore, lysosomes activity as demonstratetlyispTracker Red DND-99, and
showed that PA decreased the lysosomes activity @ couldn’t improve the

lysosomes activity (Fig 6C).

A LAMP2 NCOA4 H-ferritin Merge B
#3 e

A+DFO

PA+DFC

Fig 6. The co-staining of NCOA4 and H-ferritin. (A)Immuhmrescence with
antibodies against NCOA4 (red), H-ferritin(greemdaLAMP2 (pink) in the liver.
(B)The co-staining of NCOA4 and H-ferritin was deténed in HepG2 cells. (Chhe
lysosome activity was determined by LysoTracker RBND-99 (LTR). The
experiments were repeated 3 times (magnificatidyX40
3.5 Impaired ferritinophagy flux-induced hepatic IR via ERS

Finally, we sought to determine whether the immhiieritinophagy flux could
induce hepatic IR. We enhanced or suppressed NC&Adession in HepG2 cells
by either adenovirus-mediated gene transfer (FA). @r siRNA-mediated gene

knockdown (Fig. 7C), respectively. NCOA4 overexgres improved glucose
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uptake, while ERS induction by TG compromised themeficial effect (Fig. 7B).
Moreover, NCOA4 silencing inhibited glucose uptaken in the presence of FAC
(Fig. 7D). Besides, ERS inhibition by 4-PBA or SHERways improved glucose
uptake whether NCOAA4 is overexpressed or silené&dalso evaluated the effect of
autophagy induction or inhibition on hepatic IR. MG2, an inhibitor of the
proteasome which can inhibit the proteasomal degi@aad of NCOA4 (De
Domenico, Ward, & Kaplan, 2009). We found that M&lIncreased the expression
of NCOAA4 slightly and that wortmannin, an inhibitior autophagosome formation
reduced it obviously (Fig. 7F). Moreover, rapamycan inducer of autophagy,
markedly decreased the p-IREg&xpression, while wortmannin does not affect the
expression of p-IREL (Fig. 7G). Interestingly, autophagy induction apamycin
improved glucose uptake while autophagy inhibitignbafilomycin A1 remarkedly

enhanced the detrimental effect of PA (Fig. 7H).
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Fig 7. The impaired ferritinophagy flux induced hepafJia ERS. Western blots of
the protein of NCOA4 expression in HepG2 cellsraftd-NCOA4 (A) or NCOA4
SsiRNA (C) transfection 48h. The glucose uptake ep82 cells (B, D). (E-G) The
protein of NCOA4 and p-IREl (H)The glucose uptake of HepG2 cells was observed
The experiments were repeated 3 times. Values preiented as means £ SEM. * p

< 0.05; ** p<0.01 versus the LFD or Ct group.p# 0.05 versus the PA group.
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HFD

Fig 8. The proposed working mechanism involved in HFDdicetd HIR. In the
presence of HFD/PA, excess fat uptake by hepatedgtals to the impaired function
of the lysosome, which further suppressed fermilvagy flux. Decreased LIP level
results in the ERS. And that, the ERS is respoedin decreased glucose uptake and
diminished expression of p-AKT and p-GSK3resulting in HIR. Collectively,
impaired ferritinophagy flux induced by excessuptake leads to HIR via ERS.
4. Discussion

The major findings of our present study show thatreased iron level, ERS
and impaired hepatic insulin signal occurred in blver of HFD mice. Both iron
deficiency and ERS could induce hepatic IR, and it supplementation rescued
ERS and hepatic IR in PA-treated HepG2 cells. Iditamh, NCOA4 mediated
ferritinophagy flux was also impaired and FAC restbthe NCOA4 expression. We

further provide evidence that NCOA4 overexpressioproved ERS and hepatic IR
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while its knockdown showed counterproductively. $hthese together suggest that
impaired ferritinophagy flux induced by HFD medmteepatic insulin resistance via
endoplasmic reticulum stress

Our findings have shown that mice administratechwAED decreased H-ferritin
expression (Fig. 3B) while HepG2 cells incubatedhwPA increased H-ferritin,
compared with untreated controls. Thus, it seemadaical. It was reported that in
both insulin model of Wistar rats and ob/ob obesiiice ferritin was observed
decreased, and the higher iron demand and loweiaibsorption may be involved this
(Le Guenno, Chanseaume, Ruivard, Morio, & MazuQ720MARK L. FAILLA,
1988). It was also reported that ectopic fat ddposileading to tissue iron
redistribution may be the underlying mechanismhaf kower iron level in the liver
(Orr et al., 2014). And that decreased iron absampbty downregulating ferroportin
(FPN) and divalent metal transporter 1 (DMT1) ie ttuodenum has been frequently
reported in obesity or HFD mice(Chung, Kim, & H&011; del Giudice et al., 2009;
McClung & Karl, 2009; Sonnweber et al., 2012xeems that different factors could
lead to iron deficiency in the liver of HFD mice.okéover, one study showed that
H-ferritin increased while LIP declined in PA tredtINS-1 beta cells (Jung et al.,
2015).

It has been reported that iron content is highethi liver of HFD mice and
NAFLD patientsand that the reduction of hepatic FPN expressiaiudad by
hepcidin may be the underlying mechanism (Aigneal£t2008; Citelli et al., 2015).

The iron level is tightly controlled, and the regpidn of cellular and systemic iron
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levels is highly sensitive and complex (Gozzelind\#sio, 2016). These differences
observed in iron content may be related to facsoich as the intervention time and
when the animal accepted the intervention, and éwebreeding environment factors
like the seasons. Even though the mechanismsidicrepancy have not been fully
understood yet, these conditions represent differaanifestations of the same
pathophysiological process (Aigner, Feldman, & Da4).

Ferritin degradation occurs in lysosomes, and fhigcess is associated with
autophagy (Huang et al., 2018). However, ferritimagy as a newly discovered iron
metabolism and regulation mechanism has not bgsortesl in obesity or the HFD
animal model. In current study, the disturbed NCCGadl H-ferritin level, increased
p62 expression and the reduced LIP level (Fig.emahstrated that ferrinophagy flux
was inhibited and that the available iron is defntiin the presence of HFD (PA). In
line with these findings, iron supplementation et the NCOA4 express.
Interestingly, the expression of NCOA4 and H-famrits consistent in vitro. As
NCOA4 mediates ferritin degradation, this maybadatks that the content of ferritin
regulates the expression of NCOA4 or vice versa.

In the present study, autophagy induction by ragamiycreased the expression
of NCOA4 and reduced ERS. In addition, wortmanrsnaa upstream inhibitor of
autophagy reduced NCOA4 expression but showed wiowb effect on ERS and that
bafilomycin A1 showed no obvious effect on NCOA4daBRS. In addition, PA
incubated HepG2 cells also exhibit impaired lysospas assessed by the fluorescent

probe Red DND-99. This together suggests that iregdysosomal function may be
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the reason for suppressed ferritinophagy. Howeiven, supplementation shows no
effect on the PH value of lysosome, indicating thAC couldn’t improve lysosomal
function.

It was reported ferritin degradation occurs by Bedént routes: lysosome route
and a cytosolic route in which iron is degradedpbyteasome (De Domenico et al.,
2009). In our present study, MG-132 increased #prassion of NCOA4 slightly in
PA incubated HepG2 cells, which might own to ttregt tost of ferritin degraded by
lysosomes route or the proteasome route also ieghairthe presence of PA. On this
point, further exploration is needed.

It was reported that iron deficiency could ind&®RS which is a powerful mediator
of insulin resistance (Seo et al., 2013; Yaribelgirokhi, Butler, & Sahebkar, 2019).
DNA microarray analysis in the liver of rats foutitht genes of caspases 3 and 12,
which could mediate endoplasmic reticulum (ER)-dpecapoptosis, were
upregulated in the iron-deficient dietary group(Addn& Oates, 2013). Furthermore,
increased lipogenesis was shown to induce intradeell accumulation of
diacylglycerol and ceramide which are pivotal foRE and subsequently IR and
hepatic steatosis (Petersen et al., 2017). In thdsRS could enhance the effects of
insulin resistance, in which IRE1 lowers insulinspensiveness (W. Zhang,
Hietakangas, Wee, Lim, Gunaratne, & Cohen, 2013tel, we found that PA
increased the p-IREL expression, and FAC supplementation partially nese its
expression and glucose uptake in vitro. Thus, iditech to the ferritinophagy flux

pathway, other mechanisms may also contributead&fRS and hepatic IR.
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5. Conclusion

In summary, these results revealed that suppressetinophagy flux induced
by excess lipid uptake is responsible for ironaeficy, which could contribute to the
hepatic IR via ERS. What's more, iron supplemeatatias no obvious effect for the
function of lysosomes but improved ERS and hed&idOur findingscontribute to
a better understanding of the molecular mechanism of iron dysregulation in
the liver of HFD mice and provide evidence and new insights for the prophidac
treatment of IR.
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1. HFD suppressed ferritinophagy flux.
2. Impaired ferritinophagy flux aggravates hepatic IR via ERS

3. Impaired lysosomal function involvesin the suppressed ferritinophagy flux
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