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Abstract

Nonalcoholic steatohepatitis (NASH) has been identified as a source of significant interindividual
variation in drug metabolism. A previous ex vivo study demonstrated significant changes in
hepatic Cytochrome P450 (CYP) activity in human NASH. This study evaluated the in vivo
activities of multiple CYP isoforms simultaneously in prominent diabetic NASH mouse models.
The pharmacokinetics of CYP selective substrates: caffeine, losartan, and omeprazole changed
significantly in a diabetic NASH mouse model, indicating attenuation of the activity of Cypla2
and Cyp2c29, respectively. Decreased mRNA expression of Cypla2 and Cyp2c29, as well as an
overall decrease in CYP protein expression, was found in the diabetic NASH mice. Overall, these
data suggest that the diabetic NASH model only partially recapitulates the human ex vivo CYP
alteration pattern. Therefore, in vivo determination of the effects of NASH on CYP activity should
be conducted in human, and more appropriate models are required for future drug metabolism
studies in NASH.
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1 INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in the
United States with a prevalence of 24% in adults[*] and 10%-20% in children.[2] NAFLD
encompasses a spectrum of liver manifestations ranging from simple steatosis to
nonalcoholic steatohepatitis (NASH),[3] which may progress to cirrhosis and hepatocellular
carcinoma.l*®] NAFLD is commonly referred to as the hepatic manifestation of the
metabolic syndrome,[®:7] because of its association with risk factors such as central obesity,
diabetes mellitus, and dyslipidemia.[8%] It is estimated that the prevalence of NAFLD among
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type 2 diabetics is as high as 69%,[°] and the estimated prevalence of diabetes among
NAFLD and NASH patients is 22.51% and 43.63%, respectively,[1] suggesting that NAFLD/
NASH and diabetes are highly associated.

NASH has been identified as a potential contributing factor to variable drug response
(VDR). It has been demonstrated that NASH can alter the metabolism and disposition of
many drugs, including ezetimibe, pravastatin, methotrexate, morphine, acetaminophen, and
metformin.[10-15] Remodeling of the hepatic absorption, distribution, metabolism, and
excretion (ADME) pathways has been identified as the general mechanism for these
changes, which can exacerbate the adverse drug reactions associated with these drugs.[12]
The vast majority of altered ADME gene expression changes in NAFLD were observed after
the progression to NASH, suggesting that NASH is where VDR will be most likely.[16]
Previously, our group has shown that ex vivo activities of Cytochrome P450s (CYPs) are
altered in human NASH liver.[17]

Various experimental models have been established to mimic the pathological conditions of
human NASH, although to date there is no single animal model that can accurately
encompass the full spectrum of human NASH progression.[18] The leptin-deficient ob/0b
mice are widely used as a model of obesity, type Il diabetes, and NAFLD, as they develop
steatosis spontaneously.[19.20] |n addition, they exhibit metabolic signatures including
insulin resistance, hyperinsulinemia, hyperglycemia, and hyperlipidemia.[2X] However,
additional stimuli are required to drive the pathological development of NASH features, such
as inflammation and fibrosis.[22] The methionine- and choline-deficient (MCD) diet, which
disrupts the hepatic g-oxidation and the production of very low-density lipoprotein in
animals, is widely employed to induce NASH in animal models.[18:23] The ob/0b MCD
model develops MRNA and protein expression profiles of hepatic transporters that are
consistent with human NASHI24] and was employed as a model for NASH in several
mechanistic studies.[1525.26] A 4-week MCD diet was fed to 06/0b mice to create our
experimental diabetic NASH model.

In vivo analysis of CYP activity is the most accurate way to assess CYP function.[27]
Administration of probe drugs in a cocktail approach is a preferable method to analyze in
vivo activity of multiple CYP isoforms simultaneously.[28] Probe drugs used in this study
include caffeine, losartan, omeprazole, midazolam. and dextromethorphan, which are the
selective substrates of human CYP1A2, CYP2C9, CYP2C19, CYP3A4, and CYP2D6
isoforms respectively. In the present study, we characterized the reported mouse orthologs,
or highly potential counterparts of human CYP isoforms listed above: Cypla2, Cyp2c29,
Cyp2d22, and Cyp3all, to reflect NASH-associated changes in CYP activity in mouse
models.[29-32]

The purpose of the present study was to determine the in vivo alterations of the major CYP
enzymatic activities in ob/oband ob/ob MCD mouse models. By comparing these data to a
previous ex vivo human study,[27] we determined whether this model can accurately
replicate the CYP remodeling seen in human NASH.
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2 MATERIAL AND METHODS

2.1 Chemicals and reagents

2.2 Animals

Caffeine, losartan, omeprazole, midazolam, 1”-hydroxymidazolam, phenacetin
dextromethorphan, and dextrophan were purchased from Sigma-Aldrich (St Louis, MO).
Paraxanthine, E3174 (losartan carboxylic acid), and 5-hydroxyomeprazole were purchased
from Toronto Research Chemicals (Toronto, Ontario Canada). All other chemicals were
obtained from commercial sources.

C57BL/6J wild-type (WT) and leptin-deficient (ob/06) male mice were purchased from
Jackson Laboratory (Bar Harbor, ME) at 8 weeks of age (n7= 5 for each group) and housed
on a 12-h light and 12-h dark cycle in the University of Arizona animal care facility. The
animal studies were approved by the University of Arizona Animal Care and Use
Committee. The mice in WT and ob/0b groups were fed a methionine and choline
resupplemented diet (Dyets, Bethlehem, PA) for 4 weeks, whereas the mice in the ob/ob
MCD group were fed a MCD diet for 4 weeks to induce NASH (Dyets, Bethlehem, PA).

2.3 Histopathological analysis and plasma chemistries

Formalin-fixed and paraffin-embedded liver tissue were stained with hematoxylin and eosin
(H&E) and pathology scored by a veterinary pathologist. Liver tissues were scored for
steatosis, necrosis, inflammation, fibrosis, and biliary hyperplasia. Pathology scores were as
follows: 0, no significant lesions (0%); 1, minimal (<10%); 2, mild (10~25%); 3, moderate
(25~40%); 4, marked (40~50%); 5, severe (>50%). Whole blood was centrifuged for 15 min
at 5000 rpm, 4°C to get plasma. Plasma collected prior to gavage was used to quantify
peripheral blood insulin and glucose concentrations. Insulin was measured using an ELISA
kit (Millipore, Billerica, MA), and glucose was measured using an absorbance-based assay
kit (Abcam, Cambridge, MA), according to the manufactures’ protocol.

2.4 In vivo pharmacokinetics of probe drugs

Mice were dosed by oral gavage with five-drug cocktail comprising caffeine (5 mg/kg),
losartan (40 mg/kg), omeprazole (15 mg/kg), dextromethorphan (20 mg/kg), and midazolam
(5 mg/kg). In all cases, whole blood (30 zL) was taken from the tail vein at intervals of drug
postadministration (30, 60, 120, 240, and 360 min) into a tube coated with heparin. Plasma
samples were obtained by centrifugation.

2.5 Sample preparation and LC-MS/MS analysis

The plasma samples (5 z1) were spiked with an internal standard (10 zL of 400 ng/mL
phenacetin) and mixed with 100 gL of acetonitrile for protein precipitation.
Chromatographic separation was achieved using a gradient system of 0.1% (v/v) formic acid
in water and 0.1%(v/v) formic acid in acetonitrile as follows: The HPLC column is a Luna®
3um C18(2) 100A LC column 100 x 4.6mm (Phenomenex, Torrance, CA) with a C-18
guard cartridge 3*4 mm. Analysis was performed on a TSQ Quantum Ultra triple
quadrupole mass spectrometer with Surveyor MS pump plus and Surveyor Antosampler plus
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(Thermo Electron, San Jose, CA). The mass spectrometer was operated in electrospray
positive ionization mode with a spray voltage of 4900 V, sheath gas (nitrogen) flow rate of
49 arbitrary units, and auxiliary gas flow rate of 5 arbitrary units. The capillary temperature
is 320°C. Argon was used as the collision gas at a pressure of 0.8 mTorr. The mass
transitions were as follows: 7/z195—138 for Caffeine, m/z181—124 for paraxanthine,
m/z 346—198 Omeprazole, m/z 362—214 for 5-hydroxyomeprazole, m/z 326—291 for
midazolam, m/z 342—324 for 1-hydroxymidazolam, m/z 423—207 for losartan, m/z
437—207 for EXP-3174, m/z 272— 215 for dextromethorphan, /m/z 258—157 for
dextrorphan, and m/z180—110 for phenacetin.

2.6 RNA isolation and mRNA analysis

Total RNA was extracted from liver tissues using RNAzol B reagent from Tel-Test
(Friendswood, TX) according to the manufacture’s protocol. Equal amounts of RNA (1 1g)
were used for reverse transcription using the ReadyScriptTM cDNA synthesis mix (Sigma).
The following forward and the reverse primers were obtained from Sigma Aldrich:
mCypla2, forward (5"-CAATGACATCTTTGGAGCTG-3") and reverse (5'-
GATGAAGGCCTCTAGATATGG-3"); mCyp2c29, forward (5’ -
CAGATGTCACAGCTAAAGTC-3") and reverse (5'-TTTAATG-TCACAGGTCACTG-3");
mCyp2d22, forward (5'-GTTGTACTAAAT-GGGCTGAC-3") and reverse (5'-
GCTAGGACTATACCTTGAGAG-3"); mCyp3all, forward (5'-
CTGACACCAGTATATGAGATG-3") and reverse (5'-
GGCTTTATGAGAGACTTTGTC-3"); mActin-beta, forward (5'-
ACGGCCAACCGTGAAAAGAT-3") and reverse (5'-GTGGTAC-
GACCAGAGGCATAC-3"). gRT-PCR was performed on the LightCycler 480 system
(Roche) as follows: one cycle of initial denaturation (4 min at 95°C), 45 cycles of
amplification (10 s at 95°C and 30 s at 60°C), and a cooling period. The data presented are
relative mMRNA levels normalized to the level of Actin-beta, and the average value from the
WT control group was set as 1.

2.7 Immunoblot protein preparation and analysis

Three hundred milligrams of liver tissue was homogenized in NP40 lysis buffer (20 mM
Tris—HCI, 137 mM NacCl, 10% glycerol, 1% non-idet P-40, and 2 mM
ethylenediaminetetraacetic acid EDTA with one protease inhibitor cocktail tablet (Roche,
Indianapolis, IN) per 25 mL) on the ice. Homogenized tissue was then centrifuged at
10,000x g for 30 min, and then the supernatant was transferred to a new collection vial.
Protein concentrations in the collected supernatant were quantified by the Pierce BCA
Protein Quantitation Assay kit (Thermo Fisher Scientific, Waltham, MA) following the
manufacture’s protocol.

Fifty micrograms of the whole cell lysate in each well was separated on 7.5% SDS-PAGE
gels and transferred to polyvinylidene difluoride membranes. The following antibodies were
used for the detection of proteins: Erk2 (Santa Cruz Biotechnology, Dallas, TX, sc-154),
Cypla2 (5c-9835), Cyp3a (sc-25845), Cyp2d22 (Abcam, Cambridge, MA, Ab62204), and
Cyp2c29 (Ab137015). Densitometry analysis of the Western blot was performed using
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ImageJ software (National Institutes of Health, Bethesda, MD), and relative protein
expression was calculated by normalizing to the housekeeping protein Erk2 (sc-154).

2.8 Concordance analysis across human and ob/ob MCD mice

Concordance analysis was performed to compare diabetic NASH mice to human NASH on
the enzymatic activity, mRNA expression, and protein expression of the CYP isoforms:
CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4. The analysis was conducted by
measuring the effect size of NASH versus control, in the mice is the 06/0b MCD versus WT
whereas in human is NASH with/without fatty versus normal, of either enzymatic activity,
mMRNA expression or protein expression. The effect size (estimated by Glass’s D) is defined
as the standardized mean difference between two populations and can be calculated using
the following equation:

H1—p2
A="—-—=
SP

where /4 and /5 are the sample means for two groups, and S, is the pooled standard
deviation for both. Data of this study were compared to the published data in human.[17] The
analysis was performed using R version 3.2.3 with packages of gdata_2.17.0, xtable_1.8-0,
ggplot2_1.0.1, and knitr_1.11 (http://www.r-project.org/).

2.9 Statistical analysis

All results are represented as mean + standard error of the mean (SEM). For all comparisons
within this study, one-way analysis of variance (ANOVA) statistical analysis was employed
with a Tukey’s multiple comparisons posttest to compare WT versus ob/ob mice, WT versus
ob/ob MCD mice, and ob/ob versus ob/ob MCD mice. All analysis was carried out using
GraphPad Prism software (GraphPad Software, La Jolla, CA).

3 RESULTS
3.1 NASH phenotype in mouse models

H&E stained liver tissue sections from representative WT, ob/ob and ob/ob MCD mice are
shown in Figure 1A. Livers were evaluated, and incidence/severity was scored by a board-
certified veterinary pathologist (Figure 1B). Macrovesicular steatosis, a distinguishing
characteristic of NASH, was only observed in the o6/0b MCD mice. The ob/ob MCD
exhibited greater incidence/severity scores on each of the typical NASH histological
diagnoses, including hepatic steatosis, inflammation, fibrosis, biliary hyperplasia, and
hepatocyte necrosis compared to the WT (Figure 1B). To determine the diabetic phenotype,
plasma glucose and insulin levels were examined in each group of mice. ob/0b mice
displayed a diabetic phenotype with higher levels insulin. The glucose levels significantly
decreased in ob/0b MCD mice, but a significant change of insulin level was not observed in
ob/ob MCD mice (Figure 1C).

J Biochem Mol Toxicol. Author manuscript; available in PMC 2018 February 01.


http://www.r-project.org/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal. Page 6

3.2 In vivo pharmacokinetics of a drug cocktail in NASH models

A single dose oral pharmacokinetics study was performed using a cocktail of CYP probe
drugs to determine the activity of the respective CYP isoforms. The plasma concentration of
the parent drugs (caffeine, losartan, omeprazole, midazolam, and dextromethophan) and
their metabolites (paraxanthine, EXP3174, 5-hydroxyomeprazole, 1-hydroxymidazolam,
and dextrorphan) was measured by LC-MS/MS. The pharmacokinetic curves of each probe
drug and metabolite are shown in Figures 2A and 2B, respectively, and the pharmacokinetic
parameters are summarized in Table 1. The maximum concentration (Gyax) and the area
under curve (AUC) of caffeine in diabetic and diabetic NASH mice were significantly
increased, although the drug half-life (#,) was not significantly changed in diabetic or
diabetic NASH mice (Table 1). The metabolism AUC ratio, defined as the ratio of metabolite
AUC to parent drug AUC, of each probe drug was calculated to represent the respective
enzymatic activity. The metabolism AUC ratio of caffeine and omeprazole was significantly
decreased in diabetic and diabetic NASH mice compared to WT mice. The metabolism AUC
ratio of losartan was significantly decreased in the diabetic NASH mice compared to
diabetic mice (Figure 2C).

3.3 Hepatic CYP mRNA expression alteration in diabetic NASH models

The hepatic mRNA expression of the major CYP isoforms, Cypla2, Cyp2c29, Cyp2d22,
and Cyp3all was normalized to mMRNA expression of beta-actin, and the fold changes are
shown in Figure 3. The Cypla2 mRNA expression level was significantly decreased in
diabetic and diabetic NASH mice. The diabetic mice had a decreased mRNA level of
Cyp2c29 compared to the WT mice. Additionally, the mRNA level of Cyp2c29 was
significantly decreased in the diabetic NASH mice compared to both the WT and the
diabetic mice. The mRNA level of Cyp3all was significantly increased in the diabetic mice
compared to wild type.

3.4 Hepatic CYP protein content alteration in diabetic NASH models

Western blot analysis was performed to determine the relative protein content of the major
CYPs in mice of each group (Figure 4A). The fold change of protein content of each CYP
isoform, which is normalized to Erk protein content, is shown in Figure 4B. In the diabetic
mice, the protein expression of Cypla2, Cyp2c29, and Cyp2d22 was significantly decreased.
Furthermore, a significant decrease in protein content of Cypla2, Cyp2c29, Cyp2d22, and
Cyp3a was observed in the diabetic NASH mice compared to the WT mice. However, the
only significant change in the diabetic NASH mice compared to the diabetic mice was the
decreased Cyp2d22 protein content.

3.5 Concordance analysis across human and mouse CYP activities, mMRNA, and protein
expression in NASH

To determine the extent to which the diabetic NASH model recapitulates the alterations in
CYP mRNA, protein expression and enzymatic activities in human NASH, a concordance
analysis was performed using previously published human NASH data.[17] Since Cyp2c29
was reported as the mouse ortholog of both CYP2C9 and CYP2C19 in human,[29:30]
Cyp2c29 was compared to both CYP2C9 and CYP2C19. Effect sizes in the same direction
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(the lower left or upper right quadrant) represent similar trends of change, whereas the
magnitude of change corresponds to the statistical power in the detection of expression
difference in NASH versus control. Figure 5A represents the comparison of enzymatic
activities. Three pairs of CYP isoforms changed in the same direction, which are CYP1A2,
CYP2C19, and CYP3A4 in human. The mRNA expression of Cypla2, Cyp2c29, and
Cyp2d22 changed in the same direction as their corresponding human genes CYP1A2,
CYP2C19, and CYP2D6, though the magnitude of that change varied widely (Figure 5B).
While all the five comparisons pairs indicated the same direction of decreased protein
expression (Figure 5C), there was large variability in the magnitude of that change.

4 DISCUSSION

An ideal animal model that can accurately reflect the diverse population of patients with
NASH is lacking, which limits preclinical risk assessment or predictability of VDRs in
NASH patients. In this present study, we utilized the o6/0b MCD mouse model as our
investigative tool, because it may predict both histomorphological and some of the metabolic
or biochemical features of human NASH. The typical lesion of macrovesicular steatosis as
well as a certain degree of inflammation and fibrosis was repeated in the ob/06 MCD mice
in this study as previously demonstrated(2>:33] (Figures 1A and 1B). Additionally, insulin
and glucose levels were also consistent with the development of diabetes as previously
shownl23! (Figure 1C).

Significant changes in probe drug pharmacokinetics were found in the diabetic NASH mice,
suggesting alterations in the in vivo activities of their corresponding CYP isoforms. The
pharmacokinetics of caffeine, the probe drug of Cypla2, as well as omeprazole and losartan,
the two probe drugs of the Cyp2c subfamily, were significantly changed, directly indicating
a decrease in enzymatic activity (Figure 2C). The mRNA expression of Cypla2 and
Cyp2c29 was significantly decreased in both the obese diabetic mice and the diabetic NASH
mice (Figure 3), whereas an overall decrease of protein expression of Cypla2, Cyp2c29,
Cyp2d22, and Cyp3all was found in the diabetic NASH mice (Figure 4). Accordingly, data
of enzymatic activity, mMRNA expression, and protein expression of the murine CYP
isoforms are not in complete concordance with each other, which may be indicative of the
heterogeneity in the regulation mechanisms known for each isoform. Others have reported
altered CYP activities and expression levels in multiple rodent models of diabetes and
NASH. A study by Watson et al. reported no significant change of Cypla activity in ob/o0b
mice.34 A separate study in MCD mice reported a decrease in mRNA expression of
Cypla2 and an increase in Cyp3a11.[3%] Lam et al reported a significant increase in Cyp2c29
MRNA expression in 10-week old ab/db mice, which are the leptin receptor deficient mice
exhibiting similar diabetic phenotype as ob/06 mice, and a significant decrease in expression
in 25-week old ab/ab mice compared to their 25-week old control.[36] Yoshinari and co-
workers observed an increase in both mRNA and protein expression of Cyp2c29 in 10-week
old ab/db mice.[37] Finally, a microarray study, intended to identify the general gene
expression alterations in the ob/ob, db/db, and HFD-fed C57BL/6J mice, revealed that the
dramatically changed genes were highly interconnected and significantly enriched for
processes involving metabolism by CYPs.[38] Collectively, these data indicate that, while
there are similarities between mouse models of diabetes and NASH, they are not all the
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same and care should be taken to understand the changes in CYP-mediated drug
metabolism.

The concordance analysis between mouse in vivo and previously published human ex vivo
data for CYP activity shows that even though the diabetic NASH mouse model we used in
this study has been demonstrated to accurately reflect the drug transporter alteration profiles
in humans, it partially recapitulates the alteration pattern of CYP1A2, CYP2C19, and
CYP3A4, but fails to resemble the alterations of CYP2C9 and CYP2D6 observed in human
NASH.

In conclusion, while the ob/0b MCD model accurately recapitulates certain aspects of
human NASH including insulin insensitivity, pathological hallmarks, and transporter
expression profiles, it cannot precisely reflect the alteration in the major CYP activities for
drug metabolism. Studies modeling the effect of NASH on the disposition of drugs through
the action of drug transporters may be highly relevant to human NASH patients, but caution
should be used when extrapolating any CYP-mediated drug metabolism. More
comprehensive human studies should be performed to evaluate the in vivo CYP activity in
NASH patients. Additional effort should be devoted to establish a more accurate model of
CYP regulation in the progression of NASH to ensure the safety of this at risk patient
population.
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FIGURE 1.

One-way
ANOVA

=

Lipid
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Histological and pathological features of NASH in WT, ob/ob, and ob/0b MCD mice.
Pictures of representative H&E-stained liver sections from WT, ob/0b, and ob/ob MCD mice
were taken in original magnification of 20x (A). Histopathological analysis of liver from
WT, ob/ob, and ob/ob MCD mice on steatosis, necrosis, inflammation, fibrosis, and biliary
hyperplasia (B). Plasma collected from WT, ob/ob, and ob/ob MCD mice was analyzed for
peripheral blood glucose and insulin concentrations (C). Data represent mean £ SEM. WT n
=5, ob/ob n=5, ob/ob MCD n= 5. One-way ANOVA with Tukey’s multiple comparisons
posttest were performed to determine the statistical significance. * Indicates a significant
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difference between ob/0b and/or ob/ob MCD with WT mice, whereas # indicates a
significant difference between ob/0b and ob/ob MCD mice.
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FIGURE 2.

Pharmacokinetics of the five probe drugs and their metabolites. Pharmacokinetics curves of
the five probe drugs: caffeine, omeprazole, midazolam, losartan, and dextromethorphan (A)
and their metabolites: paraxanthine, 5-hydroxy-omeprazole, 1-hydroxy-midazolam,

EXP-3174, and dextrotphan (B) were graphed based on the time-course plasma

concentrations. The AUC ratio of each pair of probe drug and the metabolite, calculated
based on the AUC of each pharmacokinetic curve of each compound, represents the relative
enzymatic activity of the corresponding CYP isoform (C). Data represent mean + SEM. WT
n=5, ob/obn=5, ob/ob MCD n=5. One-way ANOVA with Tukey’s multiple comparisons
posttest were performed to determine the statistical significance. * Indicates a significant
difference between ob/ob and/or ob/ob MCD with WT mice, whereas # indicates a
significant difference between ob/0b and ob/ob MCD mice.
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FIGURE 3.
Hepatic mRNA expression of murine CYP isoforms in WT, ob/0b, and ob/ob MCD mice.

Hepatic mRNA expression of Cypla2, Cyp2c29, Cyp2d22, and Cyp3all was quantified and
normalized to beta-Actin in WT, ob/0b, and ob/ob MCD mice. Data represent mean + SEM.
WT n=5, ob/obn=5, ob/ob MCD n=5. One-way ANOVA with Tukey’s multiple
comparisons posttest were performed to determine the statistical significance. * Indicates a
significant difference between ob/0b and/or ob/ob MCD with WT mice, whereas # indicates
a significant difference between ob/0b and 0b/ob MCD mice.
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FIGURE 4.
Hepatic protein content of murine CYP isoforms in WT, ob/0b and ob/0b MCD mice.

Hepatic protein expression of Cypla2, Cyp2c29, Cyp2d22, and Cyp3all were measured in
WT, ob/ob, and ob/ob MCD mice by Western blot (A). Densitometry analysis of Western
blot was performed, and relative protein expression of each CYP isoform to Erk protein was
shown (B). Data represent mean = SEM. WT n=5, ob/ob n=5, ob/ob MCD n=5. One-
way ANOVA with Tukey’s multiple comparisons posttest were performed to determine the
statistical significance. * Indicates a significant difference between ob/0b6 and/or ob/ob MCD
with WT mice, whereas # indicates a significant difference between ob/0b and ob/0b MCD
mice.
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Enzymatic activity mRNA expression Protein expression

FIGURE 5.
Effective size analysis of ob/0b MCD mouse and human enzymatic activity, mMRNA

expression, and protein expression of five CYP isoforms. Comparison of effect size of
human NASH on CYP isoform enzymatic activity (A), mRNA expression (B), and protein
expression (C) changes versus the diabetic NASH mouse model changes. Positive effect
reflects increase, whereas negative effect changes reflect decrease. The points in the lower
left and upper right quadrant represent the same direction of changes, whereas the dots in the
upper left or lower right quadrant represent the opposite direction of changes. Values were
acquired by the method described in the Materials and Method section.
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