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Abstract

Background and Aim—Alcohol-related liver disease (ALD) is mediated in part by insulin
resistance. Attendant dysregulation of lipid metabolism increases accumulation of hepatic
ceramides that worsen insulin resistance and compromise the structural and functional integrity of
the liver. Insulin and insulin growth factor (IGF) stimulate aspartyl-asparaginyl-B-hydroxylase
(AAH), which promotes cell motility needed for structural maintenance and remodeling of the
liver. AAH mediates its effects by activating Notch, and in ALD, insulin/IGF signaling, AAH, and
Notch are inhibited.

Method—To test the hypothesis that in ALD, hepatic ceramide load contributes to impairments
in insulin, AAH, and Notch signaling, control and chronic ethanol-fed adult Long—Evans rats were
treated with myriocin, an inhibitor of serine palmitoyl transferase. Livers were used to assess
steatohepatitis, insulin/IGF pathway activation, and expression of AAH-Notch signaling
molecules.

Results—Chronic ethanol-fed rats had steatohepatitis with increased ceramide levels;
impairments in signaling through the insulin receptor, insulin receptor substrate, and Akt; and
decreased expression of AAH, Notch, Jagged, Hairy—Enhancer of Split-1, hypoxiainducible factor
1a, and proliferating cell nuclear antigen. Myriocin abrogated many of these adverse effects of
ethanol, particularly hepatic ceramide accumulation, steatohepatitis, and impairments of insulin
signaling through Akt, AAH, and Notch.

Conclusions—In ALD, the histopathology and impairments in insulin/IGF responsiveness can
be substantially resolved by ceramide inhibitor treatments, even in the context of continued
chronic ethanol exposure.
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Introduction

Alcohol abuse is a leading cause of liver-related morbidity and mortality.} Excessive alcohol
consumption causes steatohepatitis, which progresses to chronic alcohol-related liver disease
(ALD)? owing to the combined effects of insulin and insulin-like growth factor (IGF)
resistance,3~° inflammation, oxidative and endoplasmic reticulum (ER) stress, lipotoxicity
with ceramide accumulation, and mitochondrial dysfunction.3-7 Ethanol-impaired
insulin/IGF type 1 (IGF-1) signaling®#:8-10 inhibits downstream activation of mitogen-
activated protein kinase (MAPK), which supports liver growth and repair, and that of
phosphatidyl-inositol-3-kinase (PI3K) and Akt,3 which promote hepatocellular survival,
motility, and metabolism.11 Ethanol increases activation of glycogen synthase kinase 3B
(GSK-3p)8 and that of phosphatases that negatively regulate receptor tyrosine kinases and
PI13K.8 Therefore, disruption of insulin/IGF signaling accounts for many long-term toxic and
degenerative effects of ethanol on the liver.3:9:12.13

Aspartyl-asparaginyl-B-hydroxylase (AAH) is an important downstream target of insulin
signaling because of its role in regulating cell motility, which is needed for liver remodeling,
repair, and regeneration.*14-16 AAH is an ~86-kD type 2 transmembrane protein that
undergoes physiological cleavage, releasing a ~52-54-kD C-terminal fragment that has
catalytic (hydroxylase) activity and a smaller ~32-34-kD N-terminal fragment that is highly
homologous to another protein called Humbug.1”-19 AAH's C-terminal catalytic fragment
confers cell motility, invasiveness, and adhesion,1416 whereas the N-terminus of AAH
mediates calcium flux between the ER and cytosol via ryanodine receptors29 and thereby
modulates cell adhesion.*

The consensus sequence for AAH hydroxylation resides in epidermal growth factor-like
domains that are present in proteins such as Notch and Jagged.21:22 AAH hydroxylation of
Notch leads to its proteolytic cleavage and release of the intracellular domain, which
translocates to the nucleus, where it binds to transcriptional regulators, displacing
corepressors and recruiting coactivators.23:24 The net effect is to increase expression of
target genes such as Hairy—Enhancer of Split (HES) and HES-related proteins.2> AAH's
roles in cell motility and invasion have been linked to activation of Notch networks,14:26.27
Insulin and IGFs regulate AAH by increasing its mMRNA levels, catalytic activity,1426:28.29
and protein expression.1526.28 |nsylin/IGF stimulation causes AAH protein to accumulate in
cells owing to inhibition of GSK-3p phosphorylation, which renders AAH susceptible to
proteolytic degradation.2” Ethanol inhibits AAH expression and function by impairing
insulin/IGF signaling and increasing GSK-3p activity.3:29-31

Consequences of insulin resistance, including dysregulated lipid metabolism,12:32-34
inflammation,32 oxidative and ER stress,6:34 metabolic and mitochondrial dysfunction,3®
decreased DNA synthesis,* and increased cell death,12 contribute to hepatocellular injury
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and degeneration and cause ALD to progress.13 Dysregulation of lipid metabolism is of
particular interest because the attendant lipolysis with ceramide accumulation establishes a
lipitoxic state. Consequences include further compromise of insulin signaling networks, 36
activation of pro-inflammatory cytokines, inhibition of PI3K-Akt,37-39 and increase in ER
and oxidative stress.”:3340

Ceramides are likely to have an important role in the pathogenesis and progression of ALD,
based on reports demonstrating that (i) mice deficient in acidic sphingomyelinase are
resistant to ethanol-induced hepatic steatosis;*! (ii) ceramides inhibit adenosine
monophosphate-activated protein kinase (AMPK)*2 and promote local hepatocellular
injury,3 possibly because AMPK reduces ER stress and apoptosis;** and (iii) in humans
with advanced ALD, hepatic ceramide levels are increased.>13 The present study tests the
hypothesis that ALD can be treated effectively by inhibiting hepatic ceramide accumulation
to disinhibit signaling through insulin/IGF and interrelated pathways. Using an established
experimental model of chronic ALD, we assessed the therapeutic effects of myriocin, a
potent serine palmitoyl transferase (de novo pathway) inhibitor,%> on steatohepatitis, insulin
signaling, ER stress markers, and activation of AAH-Notch signaling networks in liver.

The sources of commercial reagents and standard methods are provided in the
Supplementary Methods section. The A85E6 and A85G6 mouse monoclonal antibodies to
AAH were generated as previously described.29:30

Adult male Long—Evans rats were pair-fed with isocaloric liquid diets containing 0% or 37%
(caloric content; 9.2% v/v) ethanol for 8 weeks.# From weeks 4 through 8 of liquid diet
feeding, rats in each group were treated with myriocin (0.3 mg/kg) or saline 3 times per
week. Rats were then overnight-fasted and sacrificed to obtain livers for morphologic,
biochemical, and molecular studies. Gene expression was measured by quantitative reverse
transcription polymerase chain reaction (QRT-PCR) analysis.%6 Protein expression was
measured by duplex® or multiplex ELISAs. Ceramide immunoreactivity was quantified by
ELISA.547 Data (n = 6/group) were analyzed using GraphPad Prism 5 software (Graphpad
Prism Software, Inc., La Jolla, CA, USA), and intergroup comparisons were made using
repeated-measures one-way analysis of variance (awova) with Tukey's multiple-comparisons
post hoc test.

Myriocin ameliorates ALD

Control livers had the expected cordlike architecture and were free of inflammation,
steatosis, fibrosis, and cholestasis (Fig. 1a). Myriocin treatment produced subtle changes in
control livers, such that hepatocytes were rendered more polygonal, with discrete borders,
relative to control + vehicle livers (Fig. 1b). Chronic ethanol-fed rats had steatohepatitis
characterized by diffuse hepatocellular cytoplasmic microvesicular lipid vacuoles, dilated
sinusoids, multiple foci of lymphomononuclear cell inflammation, and scattered hepatocytes
undergoing apoptosis or necrosis (Fig. 1c). Myriocin reduced sinusoidal dilation,
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inflammation, and hepatic steatosis. However, foci of apoptosis, low-level inflammation,
and evidence of increased cell turnover persisted (Fig. 1d).

Oil Red O (ORO) staining revealed zonal and relatively low levels of hepatocellular lipid
accumulation in control livers, irrespective of myriocin treatment (Fig. 2a,b). Chronic
ethanol feeding caused striking panlobular hepatic steatosis, with both coarse and fine
cytoplasmic lipid droplets (Fig. 2c). Myriocin conspicuously reduced hepatic steatosis, as
was evident on ORO staining (Fig. 2d). Results of semiquantitative ORO grading
(Supplementary Methods) revealed significantly higher levels of hepatic steatosis in the
ethanol + vehicle group relative to all others (P < 0.0001) and similarly low levels of
hepatocellular ORO staining in the control + vehicle, control + myriocin, and ethanol +
myriocin groups (Supporting Information Table S1). Correspondingly, higher levels of
hepatic ceramide were measured in ethanol + vehicle relative to control + vehicle livers (P <
0.001), whereas myriocin normalized hepatic ceramide levels in the ethanol-fed rats despite
continuous ethanol exposure. In contrast, myriocin treatment had no significant effect on
hepatic triglyceride content (Supporting Information Table S1).

Myriocin restores hepatic insulin and IGF signaling and downstream activation of Akt
pathways in ALD

Multiplex ELISAs were used to measure total (Fig. 3) and phosphorylated (Fig. 4) insulin
receptor, IGF-1 receptor (IGF-1R), IRS-1, Akt, GSK-3p, proline-rich Akt substrate 40 kDa
(PRASA40), and p70S6 kinase (p70S6K), and single-plex assays were used to measure
extracellular signal-regulated kinases 1 and 2 (ERK1/2) and pT202/Y204_ERK1/2. The
calculated ratios of phosphorylated to total protein (Fig. S1) were used to assess relative
levels of phosphorylation.

anova tests demonstrated significant intergroup differences with respect to insulin receptor (F
=3.1; P<0.05), IRS-1 (F = 33.46; P < 0.0001), Akt (F = 27.74; P < 0.0001), PRAS40 (F =
4.04; P =0.01), p70S6K (F = 20.06; P < 0.0001), and ERK (F = 15.37; P < 0.0001). In
contrast, no significant intergroup differences were observed with respect to IGF-1 receptor
(Fig. 3b) or GSK-3 (Fig. 3f). Post hoc Tukey—Kramer tests demonstrated that chronic
ethanol feeding reduced hepatic expression of the insulin receptor (P < 0.05), IRS-1 (P <
0.001), Akt (P < 0.05), and p70S6K (P < 0.001) (Fig. 3). Although PRAS40 expression was
also lower in ethanol-exposed livers, the difference from control did not reach statistical
significance. Myriocin abolished the intergroup differences with respect to hepatic
expression of insulin receptor and PRASA40, significantly increased expression of Akt (P <
0.001) and p70S6K (P < 0.05) relative to control, and similarly increased ERK in control
and ethanol-exposed livers relative to vehicle (Fig. 3). In contrast, myriocin failed to
increase and normalize IRS-1 expression in ethanol-exposed livers.

anova tests demonstrated significant intergroup differences with respect to pY1162/Y1163_
insulin receptor (F = 4.58; P = 0.013) (Fig. 4a), pS#73—Akt (F = 8.2; P = 0.0009) (Fig. 4e),
pS9-GSK-3B (F = 6.89; P = 0.0023) (Fig. 4f), and pT421/S424_p70S6K (F = 7.94; P = 0.001)
(Fig. 4h). In contrast, ethanol or myriocin treatment had no significant effects on the
expression levels of pY1135/Y1136_|GF-1R (Fig. 4b), pS312-IRS-1 (Fig. 4c), pT202/Y204_
ERK1/2 (Fig. 4d), or pT246-PRASA40 (Fig. 4g). Post hoc Tukey's multiple comparison test
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revealed significantly reduced levels of pS#73-Akt (P < 0.01) and increased levels of pS°-
GSK-3p (P = 0.05) and pT421/5424_p70S6K (P < 0.01) in ethanol + vehicle relative to
control + vehicle livers. The reduced levels of pT246-PRASA40 in ethanol-exposed livers did
not reach statistical significance. Myriocin increased pS#73-Akt and decreased pY1162/Y1163_
insulin receptor (P < 0.05) and pT42/5424_p70S6K (P < 0.01) in ethanol-treated livers
(relative to vehicle). Levels of the phosphorylated forms of insulin receptor, IGF-1 receptor,
IRS-1, ERK1/2, Akt, PRAS40, and p70S6K were similar in myriocin-treated control and
ethanol-exposed livers. In contrast, pS9-GSK-3p expression was significantly higher in
ethanol-exposed, myriocin-treated livers versus corresponding control livers (Fig. 4f).

anova tests demonstrated significant intergroup differences with respect to the calculated
relative levels of protein phosphorylation: pY1162/Y1163/tota] insulin receptor (F = 4.96; P =
0.009) (Supporting Information Fig. S1a), pS312/total IRS-1 (F = 23.82; P < 0.0001)
(Supporting Information Fig. Sic), pS#’3/total Akt (F = 12.02; P = 0.001) (Supporting
Information Fig. Sie), pS9/total GSK-3p (F = 3.11; P = 0.049) (Supporting Information Fig.
S1f), and pT421/5424jtotal p70S6K (F = 43.44; P < 0.0001) (Supporting Information Fig.
S1h). In contrast, ethanol or myriocin treatment had no significant effects on the relative
expression of pY1135/Y1136/tota] IGF-1R (Supporting Information Fig. S1b), pT202/Y204/tota|
ERK1/2(Supporting Information Fig. S1d), or p246/total PRAS40 (Supporting Information
Fig. S1g). Post hoc Tukey's multiple comparison test revealed that myriocin significantly
reduced the calculated relative levels of pY1162/Y1163/tota| insulin receptor (P < 0.01), pS473/
total Akt (P < 0.001), and pT42L/S424/total p70S6K (P < 0.001) relative to ethanol + vehicle
and/or control + vehicle. The mean relative levels of pS312/total IRS-1 were significantly
higher in ethanol + vehicle and ethanol + myriocin groups relative to both control groups (P
< 0.001). Otherwise, the relative levels of protein phosphorylation were similar in myriocin-
treated control and ethanol-exposed livers (Supporting Information Fig. S1).

Effects of myriocin on AAH-Notch signaling networks in chronic ALD

Duplex probe-based gRT-PCR assays revealed significant effects of ethanol and/or myriocin
treatment on AAH (F = 4.11; P =0.017) (Fig. 5a), Jagged-1 (F = 8.25; P = 0.0006),
hypoxia-inducible factor 1a (HIF-1a) (F = 5.25; P = 0.063) (Fig. 5c), and HES-1 (F = 2.99;
P =0.05) (Fig. 5e). Post hoc Tukey multiple comparison tests demonstrated that chronic
ethanol feeding inhibited hepatic expression of AAH (P < 0.05; Fig. 5a) and HES-1 (P <
0.05; Fig. 5e) but increased expression of Jagged-1 (P < 0.05) and HIF-1a (P < 0.05)
relative to control (+ vehicle). Myriocin treatment resulted in similar (not significantly
different) levels of AAH, HIF-1a, and HES-1 in control and ethanol-exposed livers, but did
not increase AAH mRNA in the ethanol + vehicle group. In contrast, neither Jagged-1 (Fig.
5b) nor Notch-1 (Fig. 5d) expression was significantly modulated by myriocin.

Duplex ELISAS, in which immunoreactivity was normalized to large ribosomal protein
(RPLPO), were used to measure AAH (A85G6 antibody), Humbug (A85E6 antibody),
Notch-1, Jagged-1, and proliferating cell nuclear antigen (PCNA) (Fig. 6). anova tests
demonstrated significant effects of ethanol or myriocin on AAH (F = 37.24; P < 0.0001
(Fig. 6a), Humbug (F = 38.14; P < 0.0001) (Fig. 6b), Notch-1 (F = 17.64; P < 0.0001) (Fig.
6c), Jagged-1 (F = 41.20; P < 0.0001) (Fig. 6d), and PCNA (F = 36.02; P < 0.0001) (Fig.
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6e). Tukey's multiple comparison tests demonstrated that chronic ethanol feeding
significantly reduced hepatic expression of AAH (P < 0.001), Humbug (P < 0.001), Notch-1
(P < 0.05), Jagged-1 (P < 0.001), and PCNA (P < 0.001) relative to vehicle-treated control
livers. Myriocin significantly increased the expression of all five proteins in the ethanol
group and all but PCNA in the control group. The net effect was to render the expression of
all five proteins similar in control livers and ethanol-exposed, myriocin-treated livers. The
findings with respect to AAH were corroborated by Western blot analysis (Fig. S2).

Discussion

Study rationale and objectives

Progressive liver degeneration is mediated by compromised hepatocellular growth, survival,
glucose utilization, energy metabolism, and protein synthesis,®13 which are needed for
regeneration, repair, and remodeling after injury. Although peroxisome proliferator-
activated receptor (PPAR) agonists, which are insulin sensitizers that have anti-
inflammatory actions, can prevent or reverse histopathologic, ultrastructural, biochemical,
and molecular abnormalities in chronic ALD,*4748 not all aspects of ALD are resolved. In
particular, ceramide load and ER stress remain elevated,*0 setting the stage for ALD to
progress due to persistent insulin/IGF resistance and inhibition of target genes and signaling
molecules that regulate liver remodeling. Therefore, additional therapeutic approaches are
needed. Herein, we evaluated responses to a ceramide inhibitor in an established model of
ALD.

Ceramide inhibitor effects on ALD pathology

Myriocin treatment, which significantly reduced hepatic ceramide levels, substantially
reduced the severity of steatohepatitis, despite continued ethanol exposure. Myriocin
resolved the hepatic steatosis, architectural disarray, sinusoidal dilatation, and, to a large
extent, the inflammation. Persistence of inflammatory and necrotic/apoptotic foci (although
small and scattered) corresponds with ongoing injury caused by daily ethanol exposures.
Overall, the findings suggest that ceramide accumulation in liver is a critical mediator of
ALD. This conclusion is consistent with the known cytotoxic effects of ceramides, including
activation of proinflammatory cytokines, as well as the inhibition of insulin signaling
through Akt, which regulates hepatocellular metabolism, survival, and growth.37:38
Therefore, by reducing hepatic ceramide, liver structure and function in ALD can be
restored. Furthermore, as many drugs require liver metabolism for detoxification, ceramide
inhibitor therapy could raise the threshold of drug toxicity in ALD.

Effects of myriocin on ethanol-impaired signaling through insulin receptor, IRS-1, Akt, and

ERK

Previous studies demonstrated that chronic ALD is associated with hepatic insulin and IGF
resistance.®13:40 The spectrum of abnor malities includes alterations in trophic factor,
receptor, and/or insulin receptor substrate (IRS) protein and/or gene expression, as well as
reduced activation of ERK, MAPK, and PI3K-Akt. Ethanol-impaired signaling through
ERK is associated with reduced regenerative capacity of the liver,8 whereas reduced Akt
leads to impaired cell survival, remodeling, motility, and metabolism.#8:12 Herein we again
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demonstrate that chronic ethanol feeding broadly impairs hepatic insulin signaling
mechanisms, from receptor to IRS-1, and beyond, including molecules downstream of Akt,
specifically PRAS40 and P70S6K.1047 Myriocin reduced or abolished most ethanol-
associated impairments in insulin signaling, suggesting that in chronic ALD, impairments in
insulin signaling are mediated in part by hepatic ceramide accumulation. These findings
highlight the importance of targeting dysregulated lipid metabolism and lipotoxicity in the
clinical management of ALD.

Myriocin reverses ethanol-mediated inhibition of AAH expression

Previous studies demonstrated that AAH, and its highly homologous truncated N-terminus
homologue, Humbug,18:1° are stimulated by insulin and 1GF14:26.28.29 and inhibited by
ethanol.3:29-31 Although ethanol inhibits AAH's mRNA, it more prominently decreases
AAH's protein expression due to activation of GSK-3p. GSK-3f phosphorylates AAH and
renders it susceptible to proteolytic degradation.2”:30 PPAR agonist enhancement of insulin
signaling in experimental ALD restores AAH protein expression and hepatic
architecture.*1547 Herein, we show similar positive efffects of myriocin on AAH protein in
ALD. However, since GSK-3f activation was not significantly modulated by myriocin, the
mechanism of enhanced AAH protein expression most likely differed from the effects of
PPAR agonists. One potential mechanism is that the myriocin effect on AAH may have been
mediated by reduced hepatocellular stress along with pro-apoptotic, inflammatory, and
proteolytic functions#® owing to increased signaling through Akt.

Myriocin reverses ethanol-mediated inhibition of Notch signaling mechanisms

Notch signaling is activated by a ligand, such as Delta or Serrate (Jagged), binding to Notch
receptors on the cell surface.2® Subsequent proteolytic cleavage of Notch releases its
intracellular domain, which trans-locates to the nucleus, where it binds to transcriptional
regulators such as CSL, displacing corepressors and recruiting coactivators.23-24 The net
effect is to increase expression of target genes, including those coding for HES and HES-
related proteins.59 Notch signaling is regulated by AAH,14:26.27 and both Notch and Jagged
have the consensus sequence for AAH hydroxylation.21:22 AAH's catalytic activity promotes
Notch's translocation to the nucleus, cell adhesion, and cell motility,172% yet AAH
expression and function are stimulated by insulin/IGF1528 and inhibited by ethanol.30 In
addition, previous studies showed that AAH and Notch cross-talk with HIF-1a and that
HIF-1a expression is regulated by insulin/IGF and stimulated by oxidative stress and
ethanol.26

Herein, we show that myriocin had no significant effects on the mRNA levels of AAH,
Notch-1, Jagged-1, or HIF-1a and instead increased expression of AAH, Humbug, Notch-1,
and Jagged-1 proteins in both control and ethanol-exposed livers. Corresponding with the
anticipated increases in Notch signaling, HES-1 mRNA levels were increased by myriocin
treatment of ethanol-exposed livers. HES-1 is a downstream target of Notch signaling, and
the finding of normalized/increased HES-1 expression in ethanol + myriocin-treated livers
reflects increased Notch activation by myriocin. The increased expression of HIF-1a in
ethanol-exposed livers is consistent with previous observations.2 In essence, ethanol-
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impaired AAH-Notch signaling mechanisms and growth potential of the liver (PCNA
expression) were restored by myriocin treatment.

Conclusions

The findings suggest that aberrant ceramide accumulation plays a major role in the
pathogenesis of ALD. Moreover, although insulin sensitizer drugs, such as PPAR
agonists*47:48 and anti-inflammatory agents, 19 can prevent or reverse many aspects of ALD,
their failure to completely resolve the disease process could be due to persistently high
levels of hepatic ceramides.4” The results suggest that monotherapy with ceramide inhibitors
can restore hepatic architecture and function in chronic ALD because they normalize hepatic
ceramide levels and thereby reduce lipotoxicity, inflammation, and impairments in insulin/
IGF-1 signaling and gene expression. Moreover, ceramide inhibitors support signaling
through pathways that activate AAH-Notch networks utilized for structural remodeling of
the liver after injury.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Histopathologic features of experimental alcohol-induced steatohepatitis—effects of

myriocin treatment. Adult male Long—Evans rats were fed with isocaloric liquid diets
containing 0% (control) or 37% ethanol (caloric content) for 8 weeks and were treated with
vehicle or myriocin 3 times per week over the last 5 weeks of the experiment.
Paraformaldehyde-fixed paraffin-embedded 5-um-thick sections of liver were stained with
HE. (a) Control livers had regular cordlike architectures and uniform hepatocyte structure.
(b) Myriocin treatment had minimal discernible effect on hepatic architecture in control rats.
(c) Ethanol-exposed livers exhibited foci of lymphomononuclear cell inflammation (upper
left and center), apoptotic bodies, and prominent microvesicular steatosis (clear cytoplasmic
vacuoles—inset). (d) Myriocin treatment nearly normalized hepatic architecture in ethanol-
fed rats, although apoptosis and mild inflammation persisted (inset).

J Gastroenterol Hepatol. Author manuscript; available in PMC 2015 August 27.



1duosnuel Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Lizarazo et al.

Figure2.
Increased hepatic steatosis in experimental chronic alcohol-relaed liver disease—effects of

myriocin treatment. Cryostat sections of paraformaldehydefixed livers from (a) control +
vehicle, (b) control + myriocin, (c) ethanol + vehicle, and (d) ethanol + myriocin groups
were stained with Oil Red O to detect cytoplasmic lipid accumulation (red punctate or
vesicular labeling—inset in c).
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Figure 3.
Chronic ethanol feeding and myriocin treatment effects on hepatic insulin, insulin growth

factor (IGF) and insulin receptor substrate (IRS) signaling mechanisms. Liver tissue from
control and chronic ethanol-fed rats that were treated with vehicle (Veh) or myriocin (Myr)
was used to measure (a) insulin receptor, (b) IGF-1 receptor, (c) IRS-1, (d) extracellular
signal-regulated kinases 1 and 2, (e) Akt, (f) glycogen synthase kinase 3, (g) proline-rich
Akt substrate 40 kDa, and (h) p70S6 kinase by multiplex or single-plex ELISA. Results
were normalized to protein content in reactions; n =8 or 10 samples per group. Box plots
depict medians (horizontal bars), 95% confidence intervals (upper and lower limits of
boxes), and ranges (stems). Intergroup comparisons were made by repeated-measures one-
way anova With post hoc Tukey tests. FLU, fluorescent light units.
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Chronic ethanol feeding and myriocin treatment effects on phosphorylated insulin, IGF and
IRS signaling molecules in liver. Liver tissue from control and chronic ethanol-fed rats that
were treated with vehicle or myriocin was used to measure (a) PYPY1162/1163_jnsylin
receptor, (b) PYPY1135/1136_|GF-1 receptor, (c) PS312-|RS-1, (d) PT202/Y204.ERK1/2,

(e) PSAT3_Akt, (f) PS9-GSK3b, (g) PT246-PRAS40, and (h) PT246nS112.h70S6K by multiplex or
single-plex ELISA. Results normalized to protein content in the reactions. Box plots depict
medians (horizontal bars), 95% confidence intervals (upper and lower limits of boxes), and
ranges (stems). Inter-group comparisons were made by repeated measures one-way ANOVA

with post-hoc Tukey tests of significance.
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Figureb5.

Effects of chronic ethanol exposure and myriocin treatment on aspartyl-asparaginyl-p-
hydroxylase (AAH) and Notch signaling-related mMRNAs in liver. Livers from control and
chronic ethanol-fed rats that were treated with vehicle or myriocin were used to measure (a)
AAH, (b) Jagged-1, (c) hypoxia-inducible factor 1a, (d) Notch-1, and (e) Hairy—Enhancer of
Split-1 mRNA levels in probe hydrolysis-based quantitative real-time polymerase chain
reaction assays. Results were normalized to -actin, which was measured simultaneously.
Intergroup comparisons were made using the calculated mRNA/B-actin ratios. CV, control +
vehicle; CM, control + myriocin; EV, ethanol + vehicle; EM, ethanol + myriocin; n= 8 or
10 samples per group. Box plots depict medians (horizontal bars), 95% confidence intervals
(upper and lower limits of boxes), and ranges (stems). Intergroup comparisons were made
by repeated-measures one-way avova With post hoc Tukey tests of significance.
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Effects of chronic ethanol exposure and myriocin treatment on aspartyl-asparaginyl-p-
hydroxylase (AAH) and Notch signaling molecules in liver. Livers from control and chronic
ethanol-fed rats that were treated with vehicle or myriocin were used to measure (a) AAH-
A85G6, (b) AAH/Humbug-A85ES, (c) Notch-1, (d) Jagged-1, and (e) proliferating cell
nuclear antigen immunoreactivity by duplex ELISAs. Results were normalized to large
ribosomal protein (RPLPO), which was measured in the same wells. Intergroup comparisons
were made using calculated protein/RPLPO ratios. CV, control + vehicle; CM, control +
myriocin; EV, ethanol + vehicle; EM, ethanol + myriocin; n = 8 or 10 samples per group.
Box plots depict medians (horizontal bars), 95% confidence intervals (upper and lower
limits of boxes), and ranges (stems). Intergroup comparisons were made by repeated-
measures one-way anova With post hoc Tukey tests of significance.
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