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Abstract

Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease

worldwide, with an incidence of >25% of the adult population. NAFLD ranges from

benign simple steatosis to non-alcoholic steatohepatitis (NASH). However, its transition

mechanisms underlying the pathogenesis remain to be clarified. The expression of

Cyp7bl gene is downregulated in the liver of leptin-deficient mice and methionine and

choline-deficient diet-fed mice based on previous microarray data. Thus, in this study,

we investigated the effect of CYP7BL1 restoration on the progression of NASH in mice

fed MCD diet and its association with oxidative and lipid stresses. Our results suggest

that restoration of CYP7B1 expression attenuates hepatitis and fibrosis and that lipid

and oxidative stresses observed in the early stage of NASH suppresses Cyp7bl

transcription in hepatocytes.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the major cause of chronic liver

disease affecting >25% of the world's adult population, and its morbidity is increasing

each year [1]. NAFLD ranges from relatively benign and reversible simple steatosis to

non-alcoholic steatohepatitis (NASH). NASH is characterized by inflammation,

hepatocellular injury, and fibrosis and steatosis [2]. It is estimated that 20% of patients

with NAFLD will develop NASH [3]. NASH can progress from simple steatosis due to

several factors. Insulin resistance due to fat accumulation in hepatocytes exacerbate its

pathogenesis, which is simultaneously progressed by the release of inflammatory

cytokines that induce inflammation and fibrosis, oxidative stress, endoplasmic reticulum

stress, and abnormal mitochondrial function [2]. However, the transition mechanisms of

from simple steatosis to NASH remain unclear.

CYP7B1, cytochrome P450 family 7 subfamily B member 1, is widely

expressed in various tissues involved in bile acid synthesis, steroid genesis, and
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reabsorption. CYP7BL in the endoplasmic reticulum catalyzes 7a-hydroxylation of 25-

and 27-hydroxycholesterol (HC) into 7a,25- and 7a,27-dihydroxycholesterol,

respectively [4]. Chenodeoxycholic acid is synthesized via the alternative pathway of

bile acid synthesis. CYP7BL1 also plays an important role in other steroid metabolisms

such as hydroxylation of dehydroepiandrosterone and pregnenolone [5, 6].

From 45,101 genes that are altered in leptin-deficient (ob/ob) mice and mice

fed with methionine choline-deficient (MCD) plus high-fat diet, Cyp7bl is one of the

genes that are significantly downregulated in both models (Gene expression Omnibus;

GSE49195 and GSE35961) [7, 8]. This downregulation is also observed in the liver of

western diet-fed mice [9]. The inborn absence of CYP7BL1 increases the markers of liver

damage and giant hepatocytes, as well as subsequent cirrhosis with an excess of

oxysterols such as 24-HC, 25-HC, 27-HC and 3 B-hydroxy-5-cholestenoic acid [10,

11]. , which induces cytotoxicity [12-14]. However, the role of CYP7B1 expression

with the development of NASH, the mechanisms underlying the downregulation of
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Cyp7bl expression during NASH onset, and the consequences of this downregulation

remain unclear.

Since two different NAFLD models show downregulation of Cyp7bl

expression, we hypothesize that the hepatic expression of CYP7B1 may impact NASH

development. In this study, we examined the expression of CYP7B1 and its roles on the

inflammation and fibrosis induced in NASH. First, we demonstrate that hepatic

CYP7B1 was significantly decreased in NASH model mice induced by methionine and

choline-deficient (MCD) diet. This downregulation was already induced in the early

stage of NASH development, and the adeno-associated virus (AAV)-mediated

restoration of CYP7B1 expression reduced the expression of inflammation- and

fibrosis-related genes in MCD diet-fed mice. In addition, accumulation of palmitic acid

and induction of oxidative stress, suppressed the transcription of Cyp7bl in hepatoma

cells.
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Materials and methods

Materials

The following were purchased for this study: monoclonal rabbit anti-CYP7B1

(ab138497) from Abcam (Cambridge, United Kingdom); polyclonal rabbit anti-GAPDH

(10494-1-AP) from Proteintech (Rosemont, IL); monoclonal rabbit anti-a-SMA

(D4K9N) antibodies from Cell Signaling Technology (Danvers, MA); monoclonal mouse

anti-B-ACTIN (AC-15) from Sigma-Aldrich; and test kits for triglyceride (TG) E,

cholesterol E, and transaminase CII from Wako.

Animals and diets

Seven-week-old male C57BL/6J mice were purchased from CLEA Japan Inc.,

Tokyo, Japan. They were individually housed in a controlled environment (12-h

light/dark cycle, lights-off between 9 PM and 9 AM, 2511, and controlled humidity).

Distilled water was available ad libitum. All mice were acclimated to the control (Ctrl)

diet for 1 week and then randomly fed with a methionine choline-deficient (MCD) diet or

Ctrl diet for 8 weeks.
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The mice were randomly assigned to one of the four experimental groups. Two of

the four groups were intraperitoneally (i.p.) injected with AAV2/8-EGFP (mock) and the

remaining two groups were injected with AAV2/8-FLAG-mCyp7b1 at 1 x 10" virus

genome per mouse. After injection, all mice were acclimated to the Ctrl diet for 1 week.

Then, two groups from each AAV type were given free access to the Ctrl diet, while the

remaining two groups to the MCD diet for 8 weeks.

To obtain liver and serum samples, the mice were euthanized under isoflurane

anesthesia at the end of the experiment. The samples were stored at =807 until further

processing.

All animal experiments were performed according to the Guideline for the Care

and Use of Laboratory Animals of the University of Tokyo and approved by the Animal

Usage Committee of The University of Tokyo.

Plasmid construction
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PCR with appropriate primer sets used in this experiment are listed in Table S1.

The DNA fragment encoding Cyp7bl (NM_007825) was amplified and cloned into

p3XFLAG-CMV-10 vector (Sigma) using EcoRI/Kpnl restriction enzyme sites to

construct pPCMV10-3xFLAG-mCyp7bl.

Using pCMV10-3xFLAG-mCyp7b1 as a template, the coding sequence of the

NH2-terminal FLAG-tagged mouse Cyp7bl gene was also amplified and cloned into

pAM.LSP1-EGFP wusing Xbal/ECORV restriction enzyme sites to construct

PAM.LSP1-3xFLAG-mCyp7b1.

Adeno-associated virus preparation

The DNA fragment encoding N-terminal FLAG-tagged Cyp7bl was amplified

and cloned into pAM.LSP1-EGFP (Children’s Medical Research Institute, Australia)

using Xbal and EcoRV restriction enzyme sites to construct pAM.LSP1-FLAG-Cyp7b1l.

On day 0, HEK293T cells were seeded in 150 mm dishes at 7 x 10° for virus

packaging. On day 1, the cells were transfected with FLAG-Cyp7bl or empty
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adeno-associated vector along with AAV capsid 8 plasmid p5E18-VD2/8 (Penn Vector

core, PA, USA) and helper plasmid pXX6-80 (NGVB, IN, USA) by polyethyleneimine

(PEI)-max method. On day 3, the cells were switched to the medium supplemented with

2% (v/v) FBS and were harvested 60 h after transfection by scraping the medium. After

centrifugation at 1,500 rpm for 5 min, the supernatant was discarded, and all pellets were

resuspended by resuspension buffer (10 mM Tris, pH 8.0, 100 mM NaCl, 2 mM MgCl,)

prior to three times freeze/thawing cycles. Centrifugation was conducted at 4,000 rpm for

15 min. Then, 50 U/mL benzonase was added to the supernatant before incubation at

37°C for 30 min; centrifugation was conducted again at 4,000 rpm for 10 min. The

supernatants were subjected to CsCl density gradient fractionation. The peak fractions

determined by the concentration of virus genome copies were collected. After dialysis

with PBS (+) containing 5% (v/v) glycerol, RT-gPCR method was performed to

determine the genome copy titers of AAV vectors using probes and primers targeting

woodchuck posttranscriptional regulatory element region.
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Hepatic lipid extraction

Liver tissue was homogenized with 4 mL of chloroform/methanol (2:1, v/v)

solution in a glass tube using a handy micro-homogenizer (Microtec, Chiba, Japan). To

extract the lipids, the sample was vortexed and incubated on ice for 30 min. Afterward,

for extraction, 1 mL of 50 mM NaCl was added and vortexed for 10 s before

centrifugation at 1,500 g, 477 for 30 min. An aspirator was used to remove the upper

aqueous phase. The lipid-containing organic phase was collected in a new glass tube,

washed twice with 1 mL of 0.36 M CaCl./methanol (1:1, v/v), and then centrifuged at

1,500 g, 411 for 10 min. The lower organic phase was collected in a measuring flask and

filled up to 5 mL with chloroform. The extracted hepatic lipid was transferred to a new

glass tube, air-replaced by nitrogen gas, and stored at —20(" until further examination.

Hepatic and serum biochemistry

To determine the levels of hepatic cholesterol and TG, serum aspartate

aminotransferase (AST), and alanine aminotransferase (ALT), kits purchased from

11
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FUJIFILM Wako Pure Chemical were used.

Cell culture and cell treatment

Hepal-6 cells (obtained from RIKEN Cell Bank, Japan) were maintained in

complete DMEM supplemented with 10% (v/v) FBS, 100 unit/mL penicillin, and 100

ug/mL streptomycin. All cell cultures were maintained in a humidified incubator at 37°C

under 5% CO,. On day 0, Hepal-6 cells were seeded in a 6-well plate at 3.0 x 10°

cells/well or in 12-well plates at 2.0 x 10° cells/well. On day 1, the cells were exposed to

0-400 uM oleic acid for 24 h, 0-800 puM palmitic acid for 15 h, or 0-200 uM H,O, for 6

h. Subsequently, the cells were harvested for real-time (RT) quantitative PCR.

Immunoblot analysis

Cells were lysed in lysis buffer (50 mM TrisL_HCI, pH 8.0, 1 mM EDTA, 150 mM

NaCl, 1% NP-40, and 0.25% sodium deoxycholate). To remove cellular debris, the lysate

was centrifuged at 18,000 rpm for 10 min. The supernatants were adjusted to appropriate

concentrations and treated with 6x Laemmli sample buffer (1 mM TrisCJHCI, pH 6.8,

12
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30% glycerol, 10% SDS, 600 mM dithiothreitol, and 0.03% bromophenol blue). To

analyze the protein samples, SDS-PAGE was performed followed by immunoblot

analysis with indicated antibodies. The samples were visualized using a western blotting

detection reagent (Amersham Bioscience ECL, GE Healthcare Life Sciences) or

Immobilon Western chemiluminescent HRP substrate (Merck Millipore).

Real -time quantitative PCR

The total RNA from mouse liver or Hepal-6 cells was extracted using ISOGEN

(Nippon Gene) and reverse-transcribed using High-Capacity cDNA Reverse

Transcription Kit (Thermo Fisher Scientific) following the manufacturer’s protocol. RT

quantitative PCR was performed using the Applied Biosystems StepOnePlus™ RT PCR

system (Thermo Fisher Scientific) with FastStart Universal SYBR Green Master (Roche

Applied Science) following the manufacturer's protocol. All relative mRNA expression

levels were normalized with 18S. Primer sequences are listed in Table S2.

13
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Satistical analysis

Data are presented as mean + SD. Statistical analysis was performed using

GraphPad Prism 9 (GraphPad Software). Significance through one-way analysis of

variance with Tukey’s post hoc or the Student t-test was determined.

Results

Liver Cyp7bl expression was decreased in MCD diet-induced NASH

From two data sets of micro-arrays, 45,101 genes demonstrated changes in

leptin-deficient (ob/ob) mice and MCD diet-fed mice. Cyp7bl is predicted as one of the

genes that exhibit a marked downregulation under the progression of NAFLD. To

determine whether this downregulation attenuate the protein expression of Cyp7bl in

the progression of NASH, the mice were fed an MCD diet for 8 weeks. Compared with

Ctrl diet-fed mice, MCD diet-fed mice demonstrated an increase in hepatic TG levels

with the increase in inflammatory markers, serum aspartate aminotransferase (AST),

and alanine aminotransferase (ALT) levels (Fig. 1A and B). Likewise, their hepatic

14


https://doi.org/10.1101/2023.05.10.539979
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.05.10.539979; this version posted May 10, 2023. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

expression of inflammatory cytokine-related genes, such as Tnf-a, 11-18, and Tlr4, was

significantly elevated. Moreover, markers for ER stress, C/EBP homologous protein

(Chop), and activating transcription factor 4 (Atf4) were elevated in addition to the

splicing of X-box binding protein 1 (Xbpl) mRNA. Fibrotic genes such as a-Sma,

Collal, and Tgf-g significantly increased (Fig. 1C). Similar to gene expression, the

protein expression of a-SMA in MCD diet-fed mouse liver was increased in 8 weeks

(Fig. 1D). Thus, NASH was developed in 8 weeks of MCD diet feeding. Under this

condition, Cyp7bl expression level was downregulated in MCD diet fed mouse liver

(Fig. 1E).

Restoration of CYP7B1 modestly ameliorates the progression of NASH by MCD diet

Figure 1 shows the downregulation of Cyp7bl induced in NASH-developed

liver of MCD diet-fed mice presenting with lipid accumulation, inflammation, and

fibrosis. To implicate CYP7B1 and NASH progression, the mice that had been fed Ctrl

15
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or MCD diet were induced with FLAG-tagged CYP7B1 using an AAYV, referred to as

AAV-FLAG-CYP7BL1. Then, the effect of CYP7B1 expression on pathological features

of NASH was analyzed by measuring the serum level of inflammatory-related enzymes

and hepatic gene expressions. The endogenous CYP7B1 expression was decreased in

MCD diet-fed mice infected with mock vectors or AAV-FLAG-CYP7B1l. By

intraperitoneal administration of AAV-FLAG-CYP7B1, the expression levels of

CYP7B1 were similar in the MCD diet-fed mice and Ctrl diet-fed mice (Fig. 2A). An

enforced expression of CYP7BL1 significantly inhibited the upregulation of serum AST

and ALT levels (Fig. 2B). Furthermore, among the inflammation-related genes and

fibrosis markers that are elevated with the progression of NASH, Tnf-a and II-1b in

inflammatory genes, a-Sma and Tgf-b in fibrosis-related genes, and a-SMA protein

expression in the liver were upregulated and resolved by CYP7B1 expression (Fig. 4C

and D). Additionally, compared with mock-infected mice, MCD diet-fed mice

demonstrated moderately decreased hepatic TG levels due to the restoration of CYP7B1
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(Fig. 2E). These results suggest that the restored level of CYP7B1 attenuated hepatic

inflammation and fibrosis.

Cyp7bl expression was decreased in an early stage of NASH by lipotoxicity

To elucidate the mechanism of the downregulation of Cyp7b1l in the early stage

of NASH caused by the MCD diet, the feeding period was shortened to 1 week. As

shown in Fig. 3A, 1-week MCD diet feeding caused a fivefold decrease in hepatic

Cyp7bl mRNA level and reduced protein expression. To reveal the cause of Cyp7bl

downregulation by MCD diet feeding, features and genes representing markers for the

pathogenesis of NASH were examined. After 1 week of feeding, hepatic TG and total

cholesterol levels increased (Fig. 3B), indicating the induction of lipid accumulation

from the time point. In serum, increased circulating AST and ALT levels indicated

hepatic injury (Fig. 3C). However, among inflammatory markers, only hepatic Tnf-a

was significantly upregulated (Fig. 3D and S1A), as well as oxidative stress markers,
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represented in Ho-1 and Ngo-1 mRNA expression, after 1 week of MCD diet feeding

(Fig. 3E). In contrast, among ER stress markers, Chop was the only one that increased

(Fig. S1C), suggesting that only some inflammatory pathways and stress signals were

induced in this stage of steatosis.

To confirm the progression of NASH during Cyp7bl downregulation, features

and genes related to a NASH pathological hit were measured. NAFLD is defined by the

excessive accumulation of lipids within hepatocytes. Since hepatic lipid accumulation

was observed even in week 1 of MCD diet feeding (Fig. 3B), Cyp7bl expression might

have been affected by the accumulation of fatty acids. To verify this hypothesis, murine

hepatoma Hepal-6 cells were treated with indicated concentrations of oleic acid and

palmitic acid. The results revealed that the expression of Cyp7bl gene was not affected

by the exposure to oleic acid, whereas positive controls, Srebp-1c and Scd-1, exhibited

5- and 2-fold decreases, respectively (Fig. 3F). In contrast, palmitic acid reduced the

same expression in a dose-dependent manner, beginning with 400 uM. Exposure to
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palmitic acid upregulated the gene expressions of cluster of differentiation 36 (Cd36),

which increase by the presence of the fatty acid, and downregulated fatty acid synthase

(Fasn), which is decreased by its product. Moreover, the expression of the Ho-1 gene, a

marker of oxidative stress, was also increased in a dose-dependent manner (Fig. 3G).

These results indicate that the downregulation of Cyp7bl might be a consequence of

lipotoxicity from accumulating free fatty acids, specifically saturated fatty acids.

To confirm the effect of oxidative stress on Cyp7bl1 expression, Hepal-6 cells

were exposed to various concentrations of H,O, for 6 h. The expressions of Ho-1 and

Ngo-1 were significantly upregulated with 200 uM H;O, and >100 puM H,O.,

respectively (Fig. 3H). These results indicate that H,O, treatment induces oxidative

stress in Hepal-6 cells. Gene expression of Cyp7bl was significantly decreased by 100

UM H,0,, and its expression was reduced to approximately 50% by 200 pM H;O,.

Discussion

19


https://doi.org/10.1101/2023.05.10.539979
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.05.10.539979; this version posted May 10, 2023. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

NASH is a progressive stage in NAFLD, characterized by ballooning

degeneration, inflammation, and fibrosis. Its pathogenesis is multifactorial, but the link

between lipid accumulation and inflammation remains unclear. In the present study, we

showed that CYP7B1 partially related to NASH progression and its gene expression

was regulated by the accumulation of fatty acid.

The gene expression profiles in GSE35961 are stored in the Gene Expression

Omnibus database (National Institutes of Health, Bethesda, MD). The expression of

hepatic Cyp7b1l mRNA was significantly downregulated in MCD plus high-fat diet mice

compared with that in normal diet-fed mice, similar to results for GSE49195 in which

Cyp7bl gene expression in the fatty liver of obese ob/ob mice was lower than that of

wild-type mice [7, 8]. Since both two data sets from different NAFLD models, dietary

and genetically induced, showed the downregulation of the Cyp7bl gene expression, the

pathology of NAFLD including NASH might be related to Cyp7bl. Not only gene

expression but also protein expression of CYP7B1 was strongly downregulated in
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NASH-progressed liver by MCD diet feeding (Fig. 1). Because 25-hydroxycholesterol

and 27-hydroxycholesterol, the most well-known substrate of CYP7B1, are toxic

oxysterols, the decrease in CYP7B1 protein expression might cause liver injury due to

accumulation [13-15].

Of note, gene transfer mediated by AAV vectors shows long-term and

persistent transgene expression with a mild level of immune response [16, 17]. In the

present study, AAV seemed a suitable system to deliver Cyp7b1 gene expression during

8 weeks of MCD diet feeding. The restoration of CYP7B1 by AAV delivery transgene

alleviated inflammation and fibrosis in MCD diet-induced NASH. CYP7B1 was

downregulated in MCD diet-fed animals showing NASH progression, but its restoration

inhibited NASH progression, therefore indicating that decreased CYP7B1 expression

enhances NASH progression. Our results support non-NAFLD studies reporting genetic

deficiency of CYP7BL that resulted in hepatic inflammation and progression to severe

fibrosis in the neonatal stage [18, 19]. Furthermore, Kakiyama et al. reported that the
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liver of mice with NASH that received western diet feeding also showed a decrease of

Cyp7bl and that dietary coffee restored the expression of Cyp7bl, thereby moderated

liver injury [20].

The induction of CYP7B1 downregulation was rapid and constant, compared to

other pathological features such as some of the inflammatory cytokines and

fibrosis-related genes that did not change after 1 week of MCD diet feeding. This

suggests that the downregulation of CYP7BL1 is rather an upstream than a downstream

in the progression of chronic liver injury. However, some of the “hits” for NASH

progression were induced, such as accumulation of hepatic TG or increase in

proinflammatory genes and oxidative stress-related genes in the early stage of NASH

after 1 week of MCD diet feeding.

Lipid accumulation was induced in the liver of mice since week 1 of MCD diet

feeding. Among fatty acids, oleic acid and palmitic acid are the most abundant

circulating fatty acids in NASH patients and significantly increase in healthy subjects
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[21]. Downregulation of Scd-1 and Sebp-1c in oleic acid-treated cells confirmed that

the administration of oleic acid disturbed intracellular lipid metabolism [22]. Likewise,

the upregulation of Cd36 and downregulation of Fasn in palmitic acid-treated cells

indicated the regulatory function since palmitic acid increases the gene expression of

fatty acid transporter and suppresses its synthetic enzyme via negative feedback.

Palmitic acid at high concentrations (over 400 uM) downregulated Cyp7bl, while oleic

acid induced no change (Fig. 3F and G). This indicates that a saturated fatty acid known

for its apoptotic, lipotoxic, and oxidative stress-inducing features may have caused

Cyp7bl downregulation [23-25]. Cyp7bl expression was downregulated with the

increase in oxidative stress markers.

Another hit induced in 1-week MCD diet feeding is oxidative stress. Together

with this, 6 h of H,O, treatment in Hepal-6 cells, which upregulated oxidative stress

markers, also exhibited a remarkable decrease in Cyp7bl expression. This result

supports a study of bile duct ligation-induced oxidative stress and liver injury, in which
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the hepatic Cyp7bl expression diminished after bile duct ligation and further dropped

when Nrf2, a nuclear factor regulating the expression of antioxidation enzymes, was

ablated [26]. Furthermore, depending on the Cyp7bl downregulation after palmitic acid

exposure, oxidative markers in palmitic acid-treated cells were increased. Taking these

together, oxidative stress may also cause the downregulation of Cyp7bl.

In conclusion, our findings suggest a novel possibility of the implication of

CYP7BL1 in the progression of NASH. The lipotoxicity caused by an accumulation of

saturated fatty acids suppressed Cyp7bl expression in the early stage of NAFLD liver.

The loss of CYP7B1 aggravates inflammatory and fibrosis markers that were

ameliorated by the restoration of CYP7B1 expression, suggesting the downregulation of

Cyp7bl as a “hit” in the NASH pathogenesis. Further studies are needed to evaluate

CYP7BL1 as a therapeutic target for patients with NASH.
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Figurelegends

Figure 1. The mRNA and protein expression of CYP7B1 was decreased in

NASH-developed mouse liver. C57BL/6J male mice were fed with MCD or Ctrl diet

for 8 weeks. (A) Hepatic triglyceride and cholesterol levels. (B) Serum AST and serum

ALT activity. (C) The mRNA of inflammation-related genes, fibrosis-related genes, ER

stress-related genes, and oxidative stress-related genes. (D)The protein expression level

of a-Sma. (E) The left panel shows CYP7BL1 protein expression. The right panel shows

Cyp7b1 mRNA expression. The data show mean + SD. *p < 0.05, **p < 0.01, and ***p

< 0.001.

Figure 2. Effects of hepatic CYP7B1 restoration on the progression of NASH

induced by M CD diet. C57BL/6J male mice injected by Mock or CYP7B1 expressing

AAV-vector were fed with MCD or a Ctrl diet for 8 weeks. (A) The left panel shows

CYPT7B1 protein expression. The right panel shows Cyp7bl mRNA expression. ex,
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exogenous; en, endogenous. (B) Serum AST and ALT activity. (C) The mRNA of

Inflammation-related genes and fibrosis-related genes. (D) a-Sma expression. (E)

Hepatic triglyceride and cholesterol. The right panel shows Cyp7b1 mRNA expression.

The data show mean + SD. *p < 0.05, **p < 0.01, and ***p < 0.001.

Figure 3. Lipotoxicity in the early stage of NASH suppresses the expression of

CYP7B1. C57BL/6J male mice were fed with MCD or Ctrl diet for 1 week (A-E). (A)

The left panel shows CYP7BL1 protein expression, while the right panel shows Cyp7bl

MRNA expression. (B) Hepatic triglyceride and cholesterol levels. (C) Serum AST and

serum ALT activity. (D, E) The hepatic mMRNA levels of Tnf-a (D) and oxidative

stress-related genes (E). (F) Hepal-6 cells were exposed to 0-400 uM oleic acid for 24

h. Ethanol (conjugated with BSA in PBS) served as a vehicle. (G) Hepal-6 cells were

exposed to 0-800 uM palmitic acid for 15 h. Ethanol (conjugated with BSA in PBS)

served as a vehicle. (H) Hepal-6 cells were treated with 0-200 uM H,0O, for 6 h. PBS
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was used as a vehicle. The data show mean + SD. *p < 0.05, **p < 0.01, and ***p <

0.001.

Figure S1. Hepatic mRNA levels in C57BL/6J male mice that were fed with M CD

or Ctrl diet for 1 week. (A) Inflammation-related genes. (B) Fibrosis-related genes. (C)

ER stress-related genes. The data show mean = SD. *p < 0.05, **p < 0.01.
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