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Abstract

Objective

B-secretas@l-site amyloid precursor protein (APP)-cleaving enzyme 1 (BACEL) is a key enzyaheeithv

in Alzheimer’s disease that has recently been implicated in insulin-independent glucose uptake in
myotubes. However, it is presently unknown whether BACEL1 and the product of its actblithle

APPB (sAPRB), contribute to lipid-induced inflammation and insulin resistance in skeletal muscle cells.

Materials/Methods
Studies were conducted in mouse C2C12 myotubes, skeletal muscl@detimice and mice

treated with sAPP and adipose tissue and plasma from obese and type 2 diabetic patients.

Results

We show that BACEL1 inhibition or knockdown attenuates palmitate-induced endoplasmic retERum (
stress, inflammation, and insulin resistance and prevents the reduction in Peroxisome Proliferator-
Activated Receptoy Co-activator b (PGC-Lr) and fatty acid oxidation caused by palmitate in myotubes.

The effects of palmitate on ER stress, inflammation, insulin resistance, 8 @@ah-regulation, and fatty

acid oxidation were mimicked by soluble AP vitro. BACE1 expression was increased in subcutaneous
adipose tissue of obese and type 2 diabetic patients and this was accompanied by a decreaserin PGC-1
MRNA levels and by an increase in sAPplasma levels of obese type 2 diabetic patients compared to
obese non-diabetic subjects. Acute spREIministration to mice reduced PG@-levels and increased

inflammation in skeletal muscle and decreased insulin sensitivity.

Conclusions

Collectively, these findings indicate that the BACE1 product $ARPa key determinant in ER stress,

inflammation and insulin resistance in skeletal muscle and gluconeogenesis in liver.
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1. Introduction
The primary site of insulin stimulated glucose disposal is skeletal muscle, which can account for up to 90%
of glucose clearance [1]. As a result, loss of skeletal muscle insulin sensitivéleiged to be critical in
the pathogenesis of type 2 diabetes mellitus (T2DM) [2,3]. In fact, one of the edetiestiable defects in
individuals at risk of T2DM is impaired skeletal muscle insulin sensitivity [4,5faige of evidence
suggests that insulin resistance in skeletal muscle is induced by increased levels ohptasstarified
free fatty acids (NEFASs) [6,7] and/or changes in adipokine levels caused by ¢Bgditynas long been
recognized that elevated plasiN&FA levels cause insulin resistance in humans [9]. The mechanisms
underlying the association between elevated NEFA and insulin resistance are currently unclear, but
accumulating evidence points to a link between enhanced NEFA levels and activation of alofronic
level inflammatory process [8,10]. Elevated saturated NEFA can induce inflammation, and thins insul
resistance, through several mechanisms, including accumulation of fatty acid (FA)idksiyatich as
ceramide and diacylglycerol) due to an increased FA flux in skeletal muscle celexteats theif3-
oxidation capacity [11,12], activation of toll-like receptors [13], and endoplasmic retiqiRnstress
[14,15]. Of note, all these mechanisms converge in the activation of pro-inflammateadirg] pathways,
including kB kinasep (IKK-B)-nuclear factor (NF)B, which has been linked ©A-induced impairment
of insulin action in skeletal muscle [16,17]. Thus, IBKphosphorylates IRS-1 on serine residues,
attenuating the insulin signaling pathway, whereas once activate@BNEgulates the expression of
multiple inflammatory mediators, including interleukin 6 (IL-6), monocyte chemoattrapranéin 1
(MCP-1), and tumor necrosis factar(TNF-), which also contribute to insulin resistance [10]. Recent
evidence also points to a possible defect in mitochondrial function inducéd byerload. For instance,
short-term exposure to high circulatifg\ impairs the mitochondrial membrane potential [6] and tissue
culture studies demonstrate that palmitate overload induces mitochondrial dysfunction associated with
reduced oxidative capacity [17]. Mitochondrial function is transcriptionally controlled by peroxisome
proliferator-activated receptgrco-activator b (PGC-In) [18] and plays a critical role in skeletal muscle

metabolic function. Some [19,20] but not all [21] studies indicate a reduction in R@gptession and or

3
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function in the skeletal muscle of prediabetic and diabetic subj€ctiectively, these data indicate a
possible molecular link between elevated circulatifg and the impaired mitochondrial function

sometimes noted in the skeletal muscle of those at risk of T2DM.

Interestingly, some Alzheimer’s disecase (AD) patients exhibit impaired glucose metabolism,
hyperinsulinemia, and insulin resistance [22,23], suggesting that some common pathways may be involved
in the development of both diseasgsecretas@-site amyloid precursor protein (APP)-cleaving enzyme 1
(BACEL) is a key enzyme involved in AD that has recently been implicated innfisdépendent glucose
metabolism [24]. APP is first cleaved by either BAC&la-secretase enzyme, generating extracellular
soluble APPp (sAPPB) or sAPPa, respectively. Following BACEL cleavage, the APP C-terminal fragment
C99 can be cleaved by y-secretase, raising the levels of amylpidAp) peptides and leading to amyloid
aggregation and plaque formation [25]. It has been reported that BACE1-deficient micetantgr
against high-fat diet (HFD)-induced glucose intolerance [26], although the mechanismsdnraiain
unclear. More recently, it has been shown that inhibition of muscle BACE1 activity iesraeslin-
independent glucose uptake and GLUT4 translocation [24]. Of note, the satbfatpdimitate and
ceramide increase BACE1 protein levels in C2C12 myotubes [24], probably by post-translational
stabilization of the protein [27], suggesting tlffasecretase might contribute to the effects of saturated
NEFA on inflammation and insulin resistance in skeletal muscle cells. In the presentwsueikamined

whether BACEL1 activityard its product sAP contribute to insulin resistance in skeletal muscle.
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2. Materialsand Methods

2.1.Céll culture
Mouse C2C12 myoblasts (ATCC) were maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 50 units/ml penicillin and 50 mg/ml streptomyci
When cells reached confluence, the medium was switched to the differentiation medium containing
DMEM and 2% horse serum, which was changed every other day. After 4 additional days, the
differentiated C2C12 cells had fused into myotubes. Lipid-containing media were prepared by amjugati
of non-esterified fatty acids (NEFA) with NEFA-free bovine serum albumireflgripalmitic acid was
dissolved in ethanol and diluted 1:100 in DMEM containing 2% (w/v) NEFA-free bovine serumimlbum
Myotubes were incubated in serum-free DMEM containing 2% bovine serum albumin in either the
presence (palmitate-treated cells) or absence (control cells) of NEFAziability was assessed using the
LDH Cytotoxicity Assay Kit from Thermo Scientific (Waltham, MA, USA).
Human LHCN-M2 myoblasts were maintained, grown and differentiated to myotubes as previously
described [28].

2.2.Mice
Male BaceImice and wild-type (WT) littermate controls on the C57BI6/J background were sedrifi
under isoflurane anesthesia. WT and Bdcelice were fed a standard diet or a high-fat diet (HFD)
containing, by energy, 45% fat, 20% protein and 35% carbohydrate (catalogue number 58Vv8, TestDiet®,
Purina Mills) for 20 weeks. Skeletal muscle (gastrocnemius) and epididymal adipose tisss seangl
frozen in liquid nitrogen and then stored at -80°C. For quantification of Af&sma and skeletal muscle
were obtained from mice fed a standard diet or a HFD (Research Diets D08061110) for 3 months. For
guantification of sSAPP and A342, plasma of these mice was concentrated (30 kDa Amicon Ultra 15 ml
filter) by centrifugation and subjected to SDS-PAGE.
In a second study male C57BL/6 mice were randomly distributed into two groups (n=6 each) and
intramuscular (gastrocnemius) injection of vehicle (PBS plus 4% urea) or 5 pg of siRmperformed.

Twelve hours later animals were sacrificed and the skeletal muscle gastrocnemius was excised.
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In a third study male C57BL/6 mice were randomly distributed into two groups (n=6 each) asid gehi

10 pg of sAPB was administered (i.p.) twice (20.00 h and 8.00 h) before starting either a glucose
tolerance test (GTT) or an insulin tolerance test (ITT). In the GTT animaivedc2 g/Kg body weight of
glucose by ip injection, and blood was collected from the tail vein after 0, 15, 30, 60 and 1R0Othén.

ITT each animal received 0.5 IU/Kg of body weight of insulin.

All animal care, experimental protocols and procedures were performed in accordance to the Animal
Scientific Procedures Act (1986), with approval of the University of Barcelona and Dundee ethics

committees.

2.3.Subjects
Subjects were recruited by the Endocrinology Department at the University Hospital Jddn XX
(Tarragona, Spain) in accordance with the Helsinki Declaration (2008). All participants hgive t
informed consent and the study was approved by the respective local Ethic Committee review theard
participating Hospital. Donors were classified as lean or obese based on body mass index I@hyfol
World Health Organization criteria (WHO). T2D subjects were diagnosed according WH@a crtier
patients had fasted overnight before collection of blood samples. Anthropometric and biochemical
variables from the two cohorts used are presented in Supplementary Tables S1 and S2. All subjects were of
white origin and reported that their body weight had been stable for at least 3 months réostudy.
They had no systemic disease other than obesity, and all had been free of infection in the postious
before the study. Primary liver disease, cardiovascular disease, arthritis, acute irdlgnulisgase,
infectious disease, neoplastic and renal diseases were specifically excluded by biochemiatbreval
Serum was immediately separated by centrifugation and stored at —80° C until analysis. Subjects were
stratified according to age, gender and BMI. The hospital ethics committee approved the study and
informed consent for biobanking surgically removed tissue was obtained from all participants
accordance with the Declaration of Helsinki. All patients had fasted overnight beforeiaoltdcidipose
tissue and blood. Visceral (VAT) and subcutaneous (SAT) adipose tissue was obtained during scheduled

non-acute surgical procedures including laparoscopic surgery for hiatus hernia repair or cubteniest.
6
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Serum fasting glucose, insulin, triglycerides, total cholesterol and high-density lipoprotein warendeter

by standard enzymatic methods. Insulin resistance was estimated using homeostasis model assessment
index-insulin resistance (HOMA-IR). For clinical and anthropometrical variables, norstabdied data

were expressed as mean valuexSD, and variables with no Gaussian distribution values were aspressed
median (25th75th quartiles). For analysis of expression variables that do not follow a Gaussian
distribution, values were analyzed by non-parametrical tests (Kruskal-Wallis). Wieewela normally
distributed, differences in clinical variables, laboratory parameters or expression varialbtEnkgioups

were compared by ANOVA with post hoc Scheffe correction.

Total RNA was extracted from adipose tissue using the RNeasy Lipid Tissue MidiKigeh Science,

Hilden, Germany). Total RNA quantity was measured at 260 nm and purity was assess$ed by t
0D260/0D280 ratio. One microgram of RNA was reverse transcribed with random prisiegsthe
Reverse Transcription System (Applied Byosistems, Foster City, CA). Quantitativexmession was
evaluated by Real-time PCR (gPCR) on a 7900HT Fast Real-Time PCR System using TagMan Low
Density Arrays (Applied Biosystems, micro fluidic cards) (BACE1 Hs01121195 ml and PPAXRGC
Hs01016719 ml). Results were calculated using the comparative Ct method (2- DD Ct), and expressed
relative to the expression of the housekeeping genes cyclophilin 1A (PPIA) (Hs 04194521 sl1) and 18S (Hs
03928985 _g1).

For western blot analysis of SAPIh human serum samples, serum albumin and the major subclasses of
gamma globulin (IgG) were removed using Amicon Ultra-0.5 centrifugal Filter de\igklipore)

following Pierce Albumin/lgG Removal Kit (Pierce Biotechnology, Boston, MA).

2.4.RNA preparation and quantitative Real-Time RT-PCR
The relative levels of specific mMRNAs were assessed by RealRIRRCR, as previously described [28].

Primer sequences used are displayed in supplementalSable
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2.5. Immunoblotting
Isolation of total and nuclear extracts was performed as described elsewhere [28]. Westaralysast
was performed using antibodies against total and phospho-ARt}Sadenylate cyclase, BACECHOP,
total and phospho-CREB (S$&), total and phospho-ele2 GRP78/BiP, insulin receptop-subunit
(IRB), NRF1, total andphospho-PKA (THPY, total and p-STAT3(Tyr®) (Cell Signaling Technology
Inc., Danvers, MA), OXPHOS (Mito Sciences, Eugene, ORBAA (Biolegend), sAPP (Covance,
Alnwick, UK), PGC-Xi (Abcam, Cambridge, United KingdomAPDH, KkBa, lamin B, Oct-1, p65,
PPARy, PPARB/3, prohibitin (Santa Cruz), total and phospho-IRS-1 ¥Qe¢Millipore, Billerica, MA)
and B-actin (Sigma, St. Louis, MO). Detection was achieved using the Western Lightning® Plus-ECL
chemiluminescence kit (PerkinElmer, Waltham, MA). The equal loading of proteins was assessed by
Ponceau S staining. The size of detected proteins was estimated using protein molecular-mads standar
(Bio-Rad, Hercules, CA). For validation, we used a protein marker (Precision Plus ProatiCdbor
Standards 1610374; Bio-Rad, Hercules, CA, USA), on the same blots. All of these commercialheavai

antibodies showed a single distinct band at the molecular weight indicated in the datasheets.

2.6.Electrophoretic mobility shift assay (EM SA)

The electrophoretic mobility shift assay (EMSA) was perforasureviously described [28].

2.7.Fatty acid oxidation (FAQ) assay

Total FAO was measured as previously described [29].

2.8.Protein kinase A (PKA) activity and cAMP levels
Commercial kits were used to assess PKA activity (Enzo Life Sciences, Farmingdalenti ¥XAMP
levels (Biovision, Milpitas, CA

2.9.Deoxy-D-glucose,2-[1,2-°H(N)] uptake experiments
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Cells were starved for 24 h and washed twice with HEPES buffer (20 mmol/l| HEPEA[pE40 mmol/l
NaCl, 2.5 mmol/l MgS0O4, 5 mmol/l KCI, 1 mmol/l CaCl2). Cells were preincubated witrEiSHRIffer

for 1 h and incubated for 30 min in the presence or absence of 100 nmol/l insulin, followedtmetit
with deoxy-D-glucose,2-[1,%(N)] (37,000 Bg/ml; Amersham Biosciences) for 20 min. The uptake was
stopped by adding 10 pmol/l cytochalasin B. After washing with ice-cold 0.9% NaCl three times, cells
were lysed with 0.1 mol/l NaOH. Napecific uptake was measured in the presence of 10umol/l

cytochalasin B and was subtracted from all the values.

2.10. Pyruvatetolerancetest (PTT)
For PTT analysis, mice were fasted for 15 h and intraperitoneally injected with gy(@vatKg). Blood
was taken from tail vein at 0, 15, 30, 45, 60, 75, 90, 105, and 120 min after pyruvate injection and blood

glucose was measured with a glucometer.

211 Statistical Analyses
Results were normalised to levels in control groups and are expressed astnf@dhsSignificant
differences were established by either the Student’s t test or one-way and two-way ANOVA, according to
the number of groups compared, using GraphPad Prism software (GraphPad Software Inc. V4.03, San
Diego, CA). When significant variations were found by two-way ANOVA, the Tukeywt€r multiple

comparison post-test was performed. Differences were considered significant at P<0.05.
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3. Results

3.1. Palmitate increases Bacel expression through an NF-kB-dependent mechanism

It has been previously reported that palmitate treatment increases BACEL protein ne@2£ 152
myotubes through post-translational stabilization of BACEL protein caused by palmitateramitdee

[24,27]. However, it was unknown whether transcriptional mechanisms were involved. Ingdyesti

palmitate increased Bacel mRNA levels in C2C12 myotubes (Figure 1A). Since palmitate increaBes NF-

activity in myotubes [12] and Bacel is under the transcriptional contrdlFeéB [30], we evaluated

whether palmitate-induced NEB activation was responsible for the increase in Bacel expression by using

the NF-xB inhibitor parthenolide [31]. Parthenolide prevented the palmitate-induced increase in Bacel

mMRNA levels (Figure 1B), suggesting that palmitate increases its expression hatiragtiMF«B.
Therefore, the observed increase in BACEL protein levels following palmitate exposure (&Y oneght

be the result of the reported post-translational stabilization of BACEL protein [24,27]sbulf &acel

increased expression. When mice were fed a HFD we also observed an increase in the mRNA @and protei

levels of BACEL in the skeletal muscle and white adipose tissue of these mice compaese tied a

standard diet (Figure 1B3), suggesting that the transcriptional mechanism may also operate in vivo.

3.2. BACEL1l inhibition prevents palmitate-induced ER stress, inflammation, and insulin resistance

Next, we hypothesized that BACE1 might contribute to some of the deleterious effects datpalmi
including ER stress, inflammation, and insulin resistance. To elucidate this, we useddBé BWibitor
Merck-3 (M3), reported to inhibit BACEL activity in C2C12 cells [24,27]. M3 treatnsagmificantly
attenuated the palmitate-mediated increase in the expression of ER stress markers (sXi@gpHo@t&nd
Bip) (Figures 2A and B). Given the association of ER stress with inflammation and insudtamesi[15],
we also evaluated the effect of M3 on palmitate-inducedaTaid I1-6 expression. The increasellin6
and Tnfa expression caused by palmitate was significantly blunted in the preseii@(Bfgure 2B). As
expected, palmitate exposure reduced protein levels of theBNRhibitor IkBo, whereas in the presence

of palmitate plus M3, this reduction was blunted (Figurg. Zbnsistent with this, the nuclear protein

10
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levels of the NF<B subunit p65 were raised by palmitate, but this increase was abolished when cells were
co-incubated with thé&A and M3 (Figure 2C). Likewis&yF-xB DNA-binding activity increased (complex

1) in nuclear extracts from palmitate-exposed cells, whereas the binding actieiils co-incubated with
palmitate and M3 was similar to that observed in control cells (Figure 2D).

When we evaluated the insulin signaling pathway, we observed that, in agreement witloas seady
reporting that ER stress reduced insulin receptor (IR) levels in adipocytes [32], peogndf IR were
reduced in palmitate-exposed cells, which was preventdd3bfFigure 2E). In line with activation of the
NF-xB pathway, IRS1 phosphorylation at $&was increased in palmitate-exposed cells and this was
blocked by M3 (Figure 2E). Finally, palmitate reduced insulin-stimulated Akt phosphorylatieneas

this reduction was reversed in cells co-incubated with palmitate and M3 (Figure 2F).

3.3. BACEL1l inhibition preventsthereduction in Pgc-la expression caused by palmitate

PGC-X. regulates the activity of several transcription factors that control the expragsition of genes
involved in FAOQ, including PPAR and PPAIR/S [33]. Since palmitate increases BACE1L protein levels
and we reported that this FA reduces the expression of 2], we next evaluated whether BACE1
inhibition prevented the reduction in Pga-levels. Palmitate causededuction in Pgc-& mRNA levels

that was prevented by M3 (Figure 2G). Similarly, PGCptotein levels showed a significant reduction in
palmitate-exposed cells, but this reduction was not observed when cells where co-incubgpedhvitiate

plus M3 (Figure 2Bl In agreement with these changes, palmitate induced a reduction in the mRNA and
protein levels of PPARand PPAR/3, which in turn regulate Pgcelexpression [34], but their levels
wererestored in cells co-incubated with palmitate plus M3 (Figure 2G and H). The expression of PPAR
target genes such as Acox, Cpt-&nd Mcad, as well asdBa, which is also under the transcriptional
control of PPAR [35], were reduced by palmitate (with the exception of Gptdind restored when cells
were incubated with th&A plus M3 (Figure 2L Given that PGC-d regulatesPPARa transcriptional
activity [36], we assessed the DNA-binding activity of this transcriptiorofacy performing EMSA.

PPARa DNA-binding activity (complex 1) waseduced by palmitate, in agreement with the reduction in

11
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PGC-Xu. protein levels, whereas this reduction was partially prevented in cells co-incubatealwiitate

and M3 (Figure 2J). It is worth pointing out that incubation of the cells only WwighM3 compound
significantly increased mRNA levels of PparPpap/s, Pgc-kr, and the PPAR-target gene Cput-1
(Supplementary Figure 1A), suggesting that basal expression of these genes may be represGéd by BA

activity.

3.4. Bacel knockdown increases PGC-1a in myotubes and skeletal muscle

To clearly demonstrate that BACE1 modulates P@Cyte used genetic approaches. Knockdown of
Bacel by siRNA transfection in C2C12 cells (Supplementayyré 1B and C) led to a significant increase
in the expression and the protein levels of PGCHRPARy, and PPAR/S (Figure 3A and B). In addition,
expression of the PPAR-target genes Capt-Acox and Mcad was significantly increased by Bacel
knockdown, whereas expression of Chop, dnfind Mcp-1 were reduced (Figure 3C). MoreoveBodl
and IR3 protein levels were also increased, whereas phospho-IRSTY&arels were decreased (Figure
3D). In agreement with this, a significant increase in PG@xpression and protein levels in skeletal
muscle from Bacel-deficient mice was obserffédures 3E and }-Moreover, PPAR and PPAR/3
expression and protein levels were also enhanced. Likewise, the expressibiy, aCpt-1o, Acox, and
Mcad was increased in Bacel-deficient mice, whereas Mcp-1lg, Tarid Chop expression was decreased
compared with wild-type littermates (Figure 3G). Similarly, the protein levelskBé& and IR3 were
increased in the skeletal muscle of Bacel-deficient mice compared with wild{typmadites, whereas

phospho-elF&, which induces Chop levels, and phospho-IRS1*{§evere decreased (Figure 3H).

3.5. Bacel knockdown prevents the reduction in PGCla expression and the inflammatory process
caused by aHFD in skeletal muscle

When we evaluated the effects of a HFD in the skeletal muscle of wild-type and BAGé&é&rdetice,a
reduction in Pgc-& expression was observed inldvtype mice fed a HFD, but the increase in the

expression of this co-activator displayed iAGE1" mice prevented the reduction in PgethRNA levels

12
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when these mice were fed a HFD (Figurg 8lonsistent with the reduction in Pge-g&xpression, Ppaf
MRNA levels were also down-regulated in the skeletal muscle of wild-type mieeH&d, whereas this
reduction was prevented in BACEice fed the HFD. Likewise, the HFD reducedd expression,
whereas that of Tnf and|l-6 was increased in wild-type mice and these changes were prevented in

BACE1-deficient mice fed a HFD (Figure)3|

3.6. SAPPB mimicsthe effects of palmitate

BACEL1 cleaves APP releasing sARRvhich we hypothesized might be responsible for the effects caused
by BACELl in palmitate-exposed cells. sAPRoncentration was selected after performing curve-
concentration studies (Supplementary Figures 1D-G). BARBsed a reduction similar to that caused by
palmitate in Pgc-& mRNA (Figure 4A) and protein levels (Figure 4B). In agreement with this, theAmRN
levels of Ppa# and Ppag/d and several of their target genes involved in FAO, including @ptAtox

and Mcad were decreased by sSPIFigure 4A). The effect of SAPPon the expression of these genes
differed from that of palmitate only in the case of Cptelxpression. No changes were observed in the
expression levels of Cptel Acox, Mcad and Pp# 6 when myotubes were exposed to s&P®Rhereas,

in contrast to SAPP, Pgc-Xx and Ppa# expression was increased (Supplementary Figure 2A). Consistent
with the reported regulation of mitochondrial oxidative phosphorylation (OXPHOS) genes by PGC-
la [37], palmitate and sARPreduced the protein levels of comme), II, 1ll, IV and V (Figure 4¢ In
addition, sAPB elicited a significant increase in the expression of Atf3, Chop«JiaiRd IL-6, whereas

IkBa expression was reduced (Figure 4D). Likewise, gARBuUsed an increase in nuclear p65 protein
levels, a reduction in IR anincrease in phospho-IRS1 ($8r and a consequent reduction in insulin-
stimulated Akt phosphorylation, identical to that observed for palmitate (Figures MN&zldhanges were
observed in the expression or protein levels of ER stress and inflammation markers foti&RirRg
treatment (Supplementary Figures 2B and C). Consistent with the reduction in the attenuation of the insulin
signaling pathway, sAHPalso reduced insulin-stimulated glucose uptake, whereascsAidfhot (Figure

41). Since our findings indicate that BACE1 activity andP$B regulate the expression of genes involved
13
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in FAO, we next determined whether the changes in the expression of these genes Bferted
myotubes exposed to palmitate in the presence or absence of M3 and fa PaRRitate significantly
reducedFAO and this effect was blunted lsg-incubation with M3, while sAPP caused a reduction in

FAO similar to that observed for palmitate (Figurg 4J

3.7. BACE1 expression and plasma sAPPf levelsareincreased in type 2 diabetic patients

Next, we explored whether the relationship between BACEL and BG4 also observed in humans. In
subcutaneous white adipose tissue (WAT) BACEL expression was increased in obese and especially in type
2 diabetic patients compared with lean subjects (Figure 5A). Interestingly, this incesaaecompanied

by a reduction in PGQa mRNA levels. These changes were not observed in visceral WAT, where the
expression of BACE1 was higher than in subcutaneous WAT (Supplementary Figurést@®3tingly,

mice fed a HFD exhibited higher plasma s8HBvels compared to mice fed a standard diet, whereas no
changes were observed ir3#2 (Figure 5B. In humans, although no changes were observed between
obese and lean subjects (Figure 5C), a significant increase was observed in plaspnief®Rom type

2 diabetic patients compared with obese non-diabetic subjeigardF5D). Interestingly, a unique
intramuscular injection of SAPPIn gastrocnemius muscle resulted in an increase in the expression of
Chop and Atf3, whereas BiRvels were not affected (Figure 5E). sAP&so upregulated Tafand II-6
expression (Figure 5F), whereas a reduction in Rgarl Ppasr MRNA levels was observed (Figure 5G).
Likewise, PGC-t& and IxBa protein levels were decreased in skeletal muscle following in situ

administration of SAPP, while phospho-elR2 and BiP protein levels were enhanced (Figurg 5H

3.8. SAPPB administration to mice induces ER stress, inflammation and reduces PGC-1a

Surprisingly, intraperitoneal acute administration oP$§B (10 pg/mouse) before (20.00 h) and after (8.00
h) an overnight fasting to conduct a GTT resulted in a reduction in blood glucose Fgale GA) and
decreased the AUC of plasma glucose levels in the GTT (Figure 6B). In contrast)@efAplasma

glucose levels was increased by sBR®the ITT, indicating a reduction in insulin sensitivity (Figure 6B).

14
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sAPR administration caused an increase in the plasma levels of this peptide (Supplementary Figure 2E)
similar to that caused by HFD and this led to upregulation of Atf3y @nflIL-6 expression in skeletal
muscle, whereas no significant changes were observed in BiP and Chop (Figure 6C). Contisthat wi
increased expression of inflammatory markers, the protein levelgBaf Wwere decreased by sARP
administration, whereas BiP protein abundance was increased (Figure 6DB sAmihistration also
reduced Pgc-dexpression and protein levels and the mRNA abundance ofaFpaskeletal muscle
(Figures 6E-F). Consistent with the reduction in insulin sensitivity suggested by ThéRp protein
abundance was reduced and the levels of phospho-IRS¥’(Sesre enhanced by sABHn skeletal
muscle (Figure 6G). In epididymal white adipose tissue we observed similar changes repbasel in
skeletal muscle following sAPPtreatment (Supplementary Figure 2H). Given the discrepancy between
the GTT and the ITT, we examined sAPé&ffects in liver. Hepatic Pgced Ppatkx and kba expression,
protein levels of PGCdl and of its downstream transcription factouclear respiratory factor NRF1),

and proteins of the insulin signaling pathwayere reduced by sABP(Figure 6H-J). In contrast, Bip,
Chop and Tnf expression was upregulated (Figure 6H). P@Optomotes hepatic gluconeogenesis by
regulating the expression ofte-limiting gluconeogenic genes such as PEPCK and G6Pase [38] and in
agreement with the reduction in plasma glucose levels and in hepaticoRyptession in mice treated
with SAPRB, these mice also exhibit a reduction in hepatic Pepck and G6Pase expression (Pigtice 6H
clearly demonstrate that sSAPPp affects gluconeogenesis in liver we perforneda PTT. As shown in Figure

6K, sAPPJ repressed glucose synthesis from pyruvate.

3.9. BACE1 regulates CREB phosphorylation

Next, we focused on the potential mechanisms by which BACE1 andpsid@ilate the expression of
Pgc-1r, sinceits reduction seems to be the main step driving the changes caused by palmitate-induced up-
regulation off-secretase. Pgcelexpression is regulated by the transcription factor CREB [39,40]. CREB

is activated following phosphorylation at $&by PKA, which is allosterically activated by cAMP [41].

Phosphorylated CREB then interacts with the transcription co-activator CREB-bindingy piooteitiate
15
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the transcription and translation of CREB-target genes, such ascHg8}1 Of note, it has previously
been reported that elevated BACE1L protein levels reduce CREB phosphorylation, PKA activitylvihd cA
levels in neuroblastoma cells and rat primary cortical neurons, contributing to memory artiveogni
deficits typical of AD [42]. We hypothesized that palmitate-induced BACE1L protein levels might affect
CREB phosphorylation, leading to decreased Pgoekpression, which contribes to reduceFAO,
thereby exacerbating inflammation and insulin resistance. First, we examined whether BACHibrinhibi
and sAPB affected the PKA/CREB pathway. Exposure to palmitate and gA&@uced phospho-CREB
(Ser®¥ levels, whereas the reduction caused by palmitate was prevented by pre-treatimeli3wi
(Figures 7A and B)Consistent with thisincreased levels of phospho-CREB were observed following
Bacel knockdown in myotubes and in skeletal muscle of BAQ#ite (Figures 7C and DEExposure to
palmitate reduced phospho-protein levels tfhmof the catalytic subunit of PKA (Figure 7E), which is
required for full catalytic activity of this kinase [43], and this reduction bhasted by M3. sAPP caused

a stronger reduction in phospho-PKA protein levels than that observed for palmitate (Figlikeifise,
Bacel knockdown in myotubes and BACEL-deficiency in skeletal muscle resulted in incexassdf
phospho-PKA (Figure 7G and H). In addition, PKA activity was reduced following expassfPH and
palmitate, the latter being reversed by pre-treatment with M3 (Figure 71). Ficallg, exposed to
palmitate and sARPalso showed a reduction in cAMP levels, wiaar®13 pre-treatment prevented the
reduction caused by tHeA (Figure 7J). Moreover, Chen et al. [42] demonstrated that BACE1 may also
reduce the cAMP/PKA/CREB pathway by interacting with adenylate cyclase. To examine whether
palmitate affects the interaction between BACELl and adenylate cyclase, we performed grotein
immunoprecipitation. In agreement with the increase in protein levels caused by palthitdA raised

the interaction between adenylate cyclase and BACE1, whereas this increase was prevented in cel
exposed to palmitate plus M3 (Figure 7K).

We then examined whether sAPRIso affected the interaction between BACEL and AC. Interestingly,
mice treated with sAHPshowed an increase in the protein levels of BACE1 in skeletal muscle (Figure

8A), suggesting that it has a similar effect to that shown for palmitate. InoaddiAPH enhanced the

16
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expression of Bacel and reduced the mRNA levels of Rgo-C2C12 myotubes and these changes were
prevented by the NkB inhibitor parthenolide, suggesting that they were dependent on the activation of
this transcription factor (Figure 8B). Likewise, the protein levels of both BACE1 and BGGelved the

same behavior (Figure 8C). Finallgg-immunoprecipitation studies demonstrated that C2C12 myotubes
exposed to sAHP showed enhanced interaction between BACE1 and AC and that this interaction was
prevented by parthenolide (Figure 8D). Moreover, this interaction was also increased in the skstd¢al m

of mice treated with sARP(Figure 8E.

4. Discussion

The findings of the present study indicate that the increase in BACEL levels causedibgtepadan
contribute to lipid-induced ER stress, inflammation, and insulin resistance in skeleta¢ meksland
these effects can be attenuated BCEL inhibition. Our findings demonstrate that the BACE1 product
SAPH mimicked most of the effects of palmitate. This is the first time these rleinteractions have

been demonstrated and add an important dimension to the mechanisms driving insulin resistance.

The changes caused by palmitate and $ARRIht be the result of the reduction in PG&-Eurthermore,

the effects observed in skeletal muscle from Bacel-deficient mice confirmed th&1Be@tributes to
reduce PGC-l levels. This transcriptional co-activator preserves OXPHOS genes [3foaaudivates

and increases the expression of transcription factors involvétA@, such as PPAR and PPAR/3
[33,34]. Therefore, the reduction in PG@G-levels caused by palmitate and sAPRay reduce~AO,
increasing the amount of palmitate available and ultimately exacerbating ER stiessmatfon, and
insulin resistancen addition, PGC-d& has a role in inflammation in skeletal muscle. For instance, PGC-
1o knockout mice show higher basal mRNA expression ofaafidll-6 in skeletal muscle compared with

wild-type mice [44-46].
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Although it has been reported thatp42 induces hepatic insulin resistance by activating the
JAK2/STAT3/SOCS1 pathwaja7], we did not observe changes in these pathway in C2C12 myotubes

exposed to sAHPor in mice treated with this peptide (Supplementary Figure 3).

On the other hand, despite it has been previously reported that de@&iydlates Bacel promoter in
neurons [48], in myotubes this mechanism does not seem operate, since whenwgcelerexpressed

in human LHCN-M2 cells, no changes were observed in the expression of Bacel (Supplengumtary F

4). On the other hand, CREB binding to the PGCgtomoter plays a key role in activating PGeE-1
expression in skeletal muscle [33], and a previous study reported that BACE1l reduces CREB
phosphorylation in neurons [42]. In addition, CREB is phosphorylated by PKA following activation by
cAMP. Our findings suggest that BACE1 activity down-regulates P&(@&\els by attenuating the cAMP-
PKA-CREB pathway. In neurons, there are conflicting results about whether the effects b1 BAGhe
cAMP/PKA/CREB pathway are dependent on its enzymatic activity gnkkveels [42,49]. Tong et al. [49]
reported that B-(1-42) suppressed CREB phosphorylation in cortical neurons. In contrast, Chen et al. [42]
demonstrated that enhanced BACEL levels reduced CREB phosphorylation, PKA activity, and cAMP
content in neurons and mouse brains, and that these effects were independent of BACE1 actiyity and A
levels. These latter authors reported that BACE1 interacts via its transmembrane ddamaidewylate
cyclase to inactivate the cAMP/PKA/CREB pathway. Our findings also show that palmitate exposure,
likely as the result of the increase in BACEL protein levels, enhances its interaction witlagdeyclase,

a mechanism that may also contribute to reduce cAMP levels, as previously reportédtfid2ph it has

been reported that endogenous carnitine stores in L6 myotubes are low [50] and this may kedaikto cy
responses of the myocytes when incubated for 24 with palmitate alone, we did not obseremcdgfar

cell viability or in some of the parameters analyzed in the absence or in the presescstioe for 16 h

(Supplementary Figure 5).
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The levels of SAPP were increased in plasma of mice fed a HFD, which is consistent with the reported
increase in myotubes incubated with the FA-derivative ceramide [24], whereas the |eAgleldfwere

not altered. In humans we found that BACEL expression was increased in the subcutaneous WAT of obese
and, especially in type 2 diabetic patients compared with lean subjects and this increassomasinied

by a reduction in PGC«d mRNA levels. In agreement with the increase in BACEL expression in
subcutaneous WAT, sABRplasma levels were also enhanced in obese type 2 diabetic patients compared
with obese non-diabetic subjects. The lack of increase in obese subjects compared with ézas subj
suggests that the increase in the levels of plasma [SARBht be associated with the transition from
obesity to T2DM. Acute administration of SAPR mice elicited similar effects to those observed in vitro,
causing an upregulation of the markers of ER stress, inflammation and insulin resistance in skeletal muscle.
Interestingly, our findings show that sARPRimics the effects of palmitate and both increase the levels of
BACEL through an NkB-dependent mechanism. In fact, it has been reported thaiBNiRereases

BACEL1 expression by promoter transactivation [30]. Moreover, inhibition ofcBlIFprevented the
interaction between BACE1 and AC. Therefore, these data suggest that palmitate afdneféide the

protein levels of BACEL and as a result of this increase BACEL binds and inhibits thiy aft&C,
ultimately leading to the reduction of the cAMP-PKA-CREB pathway and the reductiorgdriloP

expression (Figure 8E).

Mice treated with sAPPR showed a reduction in insulin sensitivity in the ITT, but surprisingly, plasma
glucose levels were reduced by sAP&ministration.No significant changes were observed in insulin
levels during the GTTSupplementary Figure 6in liver, PGC-t promotes hepatic gluconeogenesis [43],

and sAPB reduced hepatic PGGxlevels and the expression of genes regulated by this transcriptional co-
activator involved in gluconeogenesis. Since P@Chds opposite effects on hepatic and muscle insulin
sensitivity [5l], and gluconeogenesis strongly contributes to sustain plasma glucose levels under fasting
conditions, for instance when glycogen stores are low after an overnighbéasét result of a decrease in

PGC-1a levels following SAPB treatment is a reduction in plasma glucose levels.
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On the basis of our findings, we propose that BACE1 and its productBsédP®ibute to lipid-induced
ER stress, inflammation, and insulin resistance in skeletal muscle, and that targeting BACEdvidayapr

new therapeutic option for the prevention and treatment of insulin resistance and T2DM.
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Figurelegends

FIG. 1. Palmitate modulates Bacel mRNA expression in myotubesiRNA abundance of Bacel from
mouse C2C12 myotubes incubated in the presence or absence (Ct: control, white bars) of 0.5 mM palmitate
(Pal, black bars) for different times. The graphs show quantification of the apralimed mMRNA levels,
expressed as a percentage of control samples + SD of six independent expeBiniatel mMRNA levels

in mouse C2C12 myotubes incubated in the presence or absence (Ct: control) of 0.5 mMepg&ad)tar

0.5 mM palmitate plus 1M parthenolide (Parth) for 8 h. Data are means samples + SD of six
independent experiment8, Cell lysates from C2C12 myotubes incubated in the presence or absence (Ct:
control) of 0.5 mM palmitate (Pal) for 8 and 16 h were assayed for Western-blot simdtisantibodies
against BACE1 angs-actin. The graphs show quantification of normalized protein levels expressed as a
percentage of control samples + SD of four independent experiments. Skeletal muscle and pdsige adi
tissue from male mice fed a standard diet (Control, CT) or a high-fat diet)(tEDB per group) for 12
weeks. mMRNA abundanc®) and protein levelsH) of BACEL in skeletal musclenRNA abundanceN)

and protein levels@) of BACEL in white adipose tissue. ***p<0.001, **p<0.01 and *p<0v85control.

#1h<0.001vs. palmitae-exposed cells.

FIG. 2. BACEL1 inhibition attenuates palmitate-induced ER stress, inflammation, and insuliarmesist
myotubes. Mouse C2C12 myotubes were incubated in the presence or absence (Ct: control) of 0.5 mM
palmitate (Pal) or palmitate 0.5 mM plus 100 nM Merck 3 (M3) for 14,tspliced Xbpl (sXbpl) mRNA

levels. uXBP1, unspliced XBPB, Atf3, Chop, Tnfe, 11-6, and BiP mRNA levels. The grapkhow
guantification of aprt-normalized mRNA levels, expressed as a percentage of control saBples six
independent experiment€, Cell lysates were subjected to Western blot analysis with antibodies against
IkBa. and p65. The graphs show quantification of normalized protein levels expressed as a percentage of
control samples + SD of four independent experiméhtéutoradiograph of EMSA performed with*4-

labeled NF«B nucleotide and crude nuclear protein extract (NE) from C2C12 myotubes. Two main

specific complexes (I and 1) based on competition with a molar excess of unlabeled probe ar&kshown
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supershift immune complex (IC) obtained by incubating NE with an antibody (Ab) directedtatai p65
subunit of NFiB is also shown. Competition and supershift studies demonstrated that band | was specific
and mainly consisted of the p65 subunit of &B:-Cell lysates were subjected to Western blot analysis
with antibodies against |R phospho-IRS1 (S&) (E) and total and phospho-Akt (3€) (F). Whee
indicated, cells were incubated with 100 nM insulin (Ins) for the last 10 min. The gshohs
guantification of normalized protein levels expressed as a percentage of control samplesf fo&D
independent experiment§, Pgc-kr, Ppalx and Ppaf/o mRNA levels. The graphs show quantification

of aprt-normalized mRNA levels, expressed as a percentage of control samples siSihadépendent
experimentsH, PGC-Ir, PPARx and PPAR/S protein levelsl, 1kBa, Acox, Mcad and Cpt<d mRNA
levels (n=6).J, Autoradiograph of EMSA performed with*#-labeled PPRE nucleotide and crude nuclear
protein extract (NE) from C2C12 myotubes. Two main specific complexes (I and Il) based matitom

with a molar excess of unlabeled probe are shown. The supershift immune complex (IC) obtained by
incubating NE with an antibody (Ab) directed against PBAR also shown. PPRE, Peroxisome
proliferator response element.***p<0.001, **p<0.01 and *p<Ow85 control, *p<0.001,#p<0.01 and

*n<0.05vs. palmitate-exposed cell§<0.05 vs. control cells incubated with insulin.

FIG. 3. BACEL1 deficiency increases PGG-levels. C2C12 cells were transfected with control or BACE1
siRNA for 24 hours and the expressidx) @nd protein levelsB) of PGC-y, PPARx and PPAR/S were
examined (n=4)C, Chop, Tnfe, Mcp-1, Cpt-Lr, Acox and Mcad mRNA levels in C2C12 cells transfected
with control or BACE1 siRNA for 24 hours (n=5p, Cell lysates from C2C12 cells transfected with
control or BACEL1 siRNA for 24 hours were subjected to Western blot analysis with antilgdiest

IkBo and IRB and phospho-IRS1 (S&f. The graphs show quantification of normalized protein levels
expressed as a percentage of control samples + SD of four independent experiments. ***p<0.001,
**p<0.01 and *p<0.05vs. control. Skeletal muscle from Bacel-deficient mice show increased expression

and protein levels of genes involved in FA metabolism, inflammation and insulin signaling.aBkelet
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muscle from male wild-type andACEL-null mice wasused (n=6 per group). mRNA abundanEg¢ énd
protein levels [f) of PGC-Iy, PPARy and PPAR/S. G, mRNA levels of kBa, Mcp-1, Tnf«, Chop, Cpt-

la, Acox and Mcad. The graphs show quantification of aprt-normalized mRNA levels, expressed as
percentage of control samples + SD of six independent experinkeén@ell lysates from wild-type and
BACEL1-null mice were subjected to Western blot analysis with antibodies agaBet total and
phospho-elFa, IRp and phospho-IRS1 (S&). The graphs show quantification of normalized protein
levels expressed as a percentage of control samples + SD (n=5). ***p<0.001, **p<0.01 and *<0.05
control. I, Bacel knockdown prevents the reduction in Pgaedpression caused by an HFD in skeletal
muscle. Skeletal muscle from wild-type and@®E1-null mice fed with a regular chow diet and HFD for
20 weeks. mRNA abundance of Pge;Ppalk, lxba, Tnf-a andll-6. The graphs show quantification of
aprt-normalized mRNA levels, expressed as a percentage of control samples + SD*fp=b)001,
**p<0.01 and *p<0.05 vs. wild-type mice fed a regular chow digp<0.001 and™p<0.01 and vs. wild-

type mice fed an HFD.

FIG. 4. sSAPBPB mimics the effects of palmitate exposure on ER stress, inflammation, and insulin
resistance. Mouse C2C12 myotubes were incubated in the presence or absence (Ct: control) of 0.5 mM
palmitate (Pal) for 16 h or 20 nM sABRor 24 plus 16 hA, Pgc-X, Ppawr, Ppaw/s, Cpt-la, Acox and

Mcad mRNA levels. The graphs show quantification of aprt-normalized mRNA levels, expesse
percentage of control samples = SD of six independent experiments. Cell lysates were stibjected
Western blot analysis with antibodies against (P@L-B) or different members of the OXPHOS
complexes (n=4)Q). D, Atf3, Chop, Tnfe, 11-6 and kBa mRNA levels. Cell lysates were subjected to
Western blot analysis with antibody against the p65 subunit ofBNfE), IR (F), phospho-IRS1 (S&)

(G) and phospho-Akt (S&€7) (H) (n=4). Where indicated, cells were incubated with 100 nM insulin (Ins)

for the last 10 minThe graphs show quantification of normalized protein levels expressed as a percentage
of control samples + SD of four independent experimdnt®:DG uptake was assessed without or with

insulin (n=6).cells were incubated with 20 nM sAPRr sAPF. for 24 plus 16 h. *p<0.05 vs. control.
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#1r<0.001 vs. insulin-stimulated cells. BACE1 inhibition and sAPPregulate FAO oxidation (FAO) in
C2C12 myotubes. Total FAO rate represented as the sum of acid-soluble products phdd@mn.

Mouse C2C12 myotubes were incubated in the presence or absence (Ct: control) of 0.5 mM palmitate
(Pal), incubated with 100 nM Merck 3 alone for 24 plus 16 h (M3), pre-incubated with Merck3 ffior 24
and then incubated with palmitate 0.5 mM plus 100 nM Merck3 for 16 h (Pal+M3) or cells were incubated
with 20 nM sAPB for 24 plus 16 h (n=4). **p<0.001, **p<0.01 and *p<0.05. control. *p<0.001,

#h<0.01 andp<0.05vs. palmitate-exposed cell§/p<0.001 vs. control cells incubated with insulin.

FIG. 5. Increased BACE1 expression in subcutaneous adipose tissue is accompanied by enhanced plasma
levels of SAPB in type 2 diabetic subjects., qRT-PCR analysis of BACE1 and PG@-ih subcutaneous
adipose tissue of lean (n=18), obese (n=21) and type 2 diabetic patients (T2D) (n=23). The mRNA
expression of each gene was normalized to GAPDH. Values are reported as meanB; SERM and

AB42 in the plasma of mice fed a control diet (Ct, white bars) or a HFD (black baBeeks. Ponceau

S staining served as loading controls. ***p<0.001 vs. mice fed a regulaRéjgtesentative images of
plasma sAPP levels in obese and lean subjed® &nd type 2 diabetic (T2D) and obese subjebis (
Ponceau S staining served as loading controls. *p<0.05 vs. obese subjects. Intramuscular (i.m.)ifhjection
SAPRB in the gastrocnemius muscle of mice reduces P&@els.E, Chop, Atf3, BiP, Tnfe, andll-6

mRNA levels. F, Pgc-la, and Ppar mRNA abundance. The graphs show quantification of aprt-
normalized mRNA levels, expressed as a percentage of control samples + SD (n=6 pelcgrBtgikin
extracts from gastrocnemius muscle datentreated with SARPR (i.m.injection) or vehicle were subjected

to Western blot analysis with antibodies against PGCHIiP, total and phospho-el&2ard IkBao. The

graphs show quantification of normalized protein levels expressed as a percentage of controksabples

(n=6 per group). ***p<0.001, **p<0.01 and *p<0.05 vs. control mice treated with vehicle.
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FIG. 6. SAPB administration to mice reduces PGE-in skeletal muscle and liver, reduces insulin
sensitivity and lowers basal glucose levels. sBR® vehicle was administered to mice (i.p.) (10
pg/mouse) before (20.00 h) and after (8.00 h) an overnight fasting to conductag®h&ror a ITT.A,
plasma basal glucose levels 6 hours later the last administration of $A&8 per group)B, GTT and
ITT and area under the curve (AUC). Data are presented as the mean + S.D. (n=6 peCgkii®)BiP,
Chop, Tnfe, andIL-6 mMRNA levels in skeletal muscle from mice treated with vehicle or SAFRe
graphs show quantification of aprt-normalized mRNA levels, expressed as a percentage ofamples

+ SD (n=6 per groupD, IkBa and BiP protein levels in skeletal muscle from mice treated with vehicle or
SAPP (n=5 per group).E, Pgc-1a, and PparmRNA abundance. PGGx]l phospho-CREB (SEP),
phospho-PKA (TH™) (F), IRB, and phospho-IRS1 (S&) (G) protein levels in skeletal muscle from mice
treated with vehicle or sSAPRN=5 per group)H, Pgc-k, Ppaw, IxkBa, Af3, BiP, Chop Tnfe, IL-6,
Pepck, and G6Pase mRNA abundance in liver from mice treated with vehicle g /®Rper group)l,
PGC-In and NRF-1 protein levels in liver from mice treated with vehicle or $ARR5 per group)J,
IRB, and phospho-IRS1 (S&) protein levels in liver from mice treated with vehicle or SRRR=5 per
group). K, Pyruvate tolerance test and AUC (n=4 per grotip’p<0.001, **p<0.01 and *p<0.05 vs.

control.

FIG. 7. BACEL regulates the cAMP-PKA-CREB pathway in myotubes. Mouse C2C12 myotubes were
incubated in the presence or absence (Ct: control) of 0.5 mM palmitate (Pal) or preeidieuitiatl00 nM
Merck 3 (M3) for 24 h and then incubated with palmitate 0.5 mM plus 100 nM M3 for 16 h or cedls wer
incubated with 20 nM sARPfor 40 h.A, B, Cell lysates were subjected to Western blot analysis with
antibodies against total and phospho-CREB'ePhospho-CREB (SEP) protein levels in C2C12 cells
transfected with control or BACE1 siRNA for 24 hou) (or in skeletal muscle from wild-type and
Bacel-deficient micelY) (n=4-6 per group). Phospho-PKA (THy protein levels in C2C12 myotubes

exposed to palmitate or palmitate plus ME 6r exposed to SAHP(F) (n=4-6 per group). Phospho-PKA
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(Thr'®" protein levels in C2C12 cells transfected with control or BACE1 siRNA for @) lor in skeletal
muscle from wild-type and Bacel-deficient midd).( The graphs show quantification of normalized
protein levels expressed as a percentage of control samples = SD (n=4-6 per group). BigAlactind

cAMP levels ) (n=5). K, C2C12 protein extracts were immunoprecipitated using an adenylate cyclase
antibody and then subjected to SDS-PAGE and immunoblotted with an anti-BACE1l antibody. No
immunoprecipitation was observed with the unrelated antibody OCTL1, indicating thateitteoéthe anti-
BACEL1 antibody was specifi¢**p<0.001, **p<0.01 and *p<0.05 vs. contraf*p<0.001,"p<0.01 and

*p<0.05vs. palmitate-exposed cells.

FIG. 8. SAPH increases BACEL levels and its interaction with ACBACE1 protein levels in skeletal
muscle from mice treated with vehicle or sAPPp.) (10 pg/mouse) twice in a dayGRE-1a and BACEL

mMRNA (B) and protein €) levels in mouse C2C12 myotubes incubated in the presence or absence (Ct:
control) of 20 nM sAPP for 24 plus 16 h or 20 nM sABRlus 10uM parthenolide (Parth). The graphs
show quantification of the aprt-normalized mRNA levels, expressed as a percentage ofseompies +

SD of six independent experiments. **p<0.004. control. *#<0.001vs. sSAPPB-exposed cells. C2C12
myotubes D) and skeletal muscle from mice treated with vehicle or $AHH protein extracts were
immunoprecipitated using an adenylate cyclase antibody and then subjected to SDS-PAGE and
immunoblotted with an anti-BACE1 antibody. No immunoprecipitation was observed with thatedrel
antibody OCT1, indicating that the effect of the anti-BACE1l antibody was speEifferoposed
mechanism by which the lipid-induced increase in BACE1 and BARBuce PGCd and exacerbates
lipid-induced ER stress, inflammation and insulin resistance in skeletal muscle and reduce glucsiseogene

in liver.
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