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ABSTRACT: 
 
Hepatic stellate cells (HSC) are non-parenchymal cells within the liver that are the main 

drivers of fibrosis in a variety of diseases of the liver. Upon liver injury, HSC can 

transdifferentiate into myofibroblasts that migrate to sites of injury and produce the 

extracellular matrix (ECM) that make up fibrotic lesions. Prior work has suggested that 

inhibitors of the mitochondrial pyruvate carrier (MPC) can suppress markers of HSC 

activation and reduce fibrosis in a mouse model of nonalcoholic steatohepatitis (NASH). 

Treatment of isolated HSC with the MPC inhibitor 7ACC2 resulted in decreased 

expression of several markers of HSC activation. To determine the effects of MPC 

deletion on HSC activation we generated mice with HSC-specific deletion of the MPC 

using the lecithin retinol acyltransferase promoter-driven Cre (Lrat-Mpc2-/- mice). HSC 

isolated from Lrat-Mpc2-/- mice had diminished activation in vitro compared to HSC 

from wild-type mice. Furthermore, when wild-type and Lrat-Mpc2-/- littermate mice were 

placed on a NASH-inducing diet (high in fat, fructose, and cholesterol), circulating 

transaminase levels were significantly lower in Lrat-Mpc2-/- mice, along with a reduction 

of hepatic gene expression for several markers of HSC activation. Bulk RNAseq 

analyses revealed a decrease in pathways associated with inflammatory signaling, 

immune cell activation and migration, and ECM remodeling in Lrat-Mpc2-/- mice 

compared to wild-type mice on the NASH diet. Finally, in a second model of NASH, both 

wild-type and Lrat-Mpc2-/- littermate mice were placed on a western-type diet (42% kcal 

fat, 0.2% cholesterol) and housed at thermoneutrality for a period of 20 weeks.  Again 

Lrat-Mpc2-/- mice had reduced circulating transaminase levels and decreased 

expression of several HSC activation markers. These data suggest that MPC inhibition 

modulates HSC metabolism to prevent activation and illuminate another mechanism by 

which MPC inhibitors could prove therapeutically beneficial for people with NASH. 
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BACKGROUND and AIMS: 

Nonalcoholic steatohepatitis (NASH) is a progressive liver disease that 

dramatically increases the risk of developing cirrhosis, liver failure, and hepatocellular 

carcinoma [1-3]. Despite being a leading cause of liver-related morbidity and mortality, 

there are no licensed drug therapies for NASH. NASH is characterized by hepatocyte 

injury, inflammation, and fibrosis, but the molecular mechanisms driving progression to 

more severe forms of the disease are unclear. The liver is composed of a variety of cell 

types including parenchymal (hepatocytes) and non-parenchymal cells (endothelial, 

immune, and stellate cells).  While multiple cell lineages contribute to NASH 

progression, hepatic stellate cells (HSC) are the primary drivers of fibrosis in a variety of 

liver diseases [4].   

At the basal (quiescent) state, HSC display an adipogenic-like transcriptional 

program (PPARγ, SREBP1c) and are one of the body’s major storage sites for vitamin A 

in the form of retinyl esters [5]. Upon hepatic injury, HSC can proliferate and 

differentiate into myofibroblasts that can migrate to sites of injury. HSC are activated in 

response to a variety of stimuli including factors released upon cell death/injury, 

changes in the extracellular matrix, immune cells, and numerous growth factors (TGFβ, 

PDGF, CTGF, etc.) [6].  Although important for tissue repair, chronic activation of HSC 

leads to excess extracellular matrix deposition in the liver, resulting in hepatic scarring 

(fibrosis).  Importantly, activated HSC undergo dramatic changes in metabolism to meet 

the high demand for energy that is necessary to facilitate increased rates of proliferation 

and ECM production [7]. Glucose utilization is enhanced and there are marked 

increases in rates of both mitochondrial oxidation and anaerobic glycolysis upon HSC 

activation [8]. Additional evidence suggests that activated HSC have increased 

mitochondrial abundance in activated versus quiescent HSC in vitro [8].  Furthermore, 

interventions to suppress these metabolic changes have been shown to result in 

reduced HSC activation [8, 9]. Based on the importance of energy metabolism in HSC 

function, it seems plausible that these pathways may be targeted therapeutically to limit 

the progression of NASH to fibrosis. 

Prior work has suggested that inhibitors of the mitochondrial pyruvate carrier 

(MPC) can suppress markers of HSC activation and reduce fibrosis in a mouse model 
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of NASH [10]. The mitochondrial pyruvate carrier (MPC) plays a pivotal role in 

mitochondrial metabolism by transporting pyruvate, a product of glycolysis, into the 

mitochondrial matrix to enter the TCA cycle. The MPC is a heterodimeric complex of the 

proteins MPC1 and MPC2 [11, 12]. Both proteins are required for MPC stability, as the 

deletion of one protein destabilizes the complex [11-13]. Previous work has shown that 

MPC inhibition in multiple tissues provides metabolic benefits [13, 14] and reduces 

NASH progression in mice [10], but little is known about whether MPC inhibitors 

regarding their effects on HSC directly. To investigate this, we examined how disrupting 

the MPC affects stellate cell activation in vitro, and generated mice with stellate cell-

specific Mpc2 deletion, to understand the effects on NASH progression in vivo.  

 

RESULTS: 

Inhibition of the MPC reduces hepatic stellate cell activation in vitro. 

In order to test the role of MPC inhibition on HSC activation, we first isolated HSC from 

the liver of wild-type mice and treated them with the MPC inhibitor (MPCi) 7ACC2. 

Culturing isolated stellate cells for a period of seven days resulted in a substantial 

increase in several markers of HSC activation including multiple collagen isoforms, and 

non-collagenous genes that participate in ECM remodeling including Acta2, Spp1, and 

Timp1, compared to cells harvested at day one (Figure 1). However, treatment with 

7ACC2, at doses previously shown to be specific towards the MPC [15], led to a 

significant reduction in in several activation markers including Col1a1, Col1a2, Spp1, 

and Timp1 (Figure 1A). 

 To further investigate the role of the MPC in HSC, we generated mice with 

stellate cell-specific deletion of Mpc2 by crossing Mpc2fl/fl mice with mice expressing the 

Cre recombinase under the lecithin-retinol acyltransferase (LratCre) promoter [4] to 

generate Lrat-Mpc2-/- mice. First, we isolated HSC from both Lrat-Mpc2-/- and wild-type 

littermate mice and cultured.  As before, seven days in culture led to a considerable 

increase in several HSC activation markers in both groups, but the expression of these 

markers were substantially reduced in the Lrat-Mpc2-/- HSC compared to WT cultures 

(Figure 2). Importantly, we saw a significant reduction in Mpc2 gene expression in Lrat-

Mpc2-/- mice relative to wild-type littermates at day seven (Figure 2), but there was no 
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difference between groups at day one, possibly suggesting that Lrat-Cre promoter was 

not yet active or the presence of other cell types in the HSC isolation. Collectively, our 

results demonstrate that genetic or pharmacological inhibition of the MPC reduces HSC 

activation in vitro. 

 

Lrat-Mpc2-/- mice are protected from NASH-inducing diet. 

Next, we sought to examine how MPC inhibition in stellate cells affects NASH 

progression in vivo. Lrat-Mpc2-/- and wild-type littermate mice were placed on either a 

low-fat diet (LFD) or a NASH-inducing diet (high in fat, fructose, and cholesterol; HFC) 

for a period of 12 weeks. To exacerbate NASH progression, we treated mice with a one-

time dose of carbon tetrachloride after four weeks on diet. After 12 weeks of diet, Lrat-

Mpc2-/- mice had an average body weight that was ~17% less than wild-type mice on 

the HFC diet, but both genotypes gained a similar amount of weight in either diet group 

(Figure 3A). Lrat-Mpc2-/- mice on the HFC diet had a significant reduction in liver weight, 

fat mass, and lean mass, compared to wild-type; however, when normalized to total 

body weight, there was no difference in between groups (Figure 3B-D). Next, we 

assessed plasma transaminases, ALT and AST, as markers of liver injury and found 

that on the HFC diet Lrat-Mpc2-/- mice had a significant reduction in both ALT and AST 

levels by ~58% and ~48%, respectively, compared wild-type mice (Figure 3E). There 

were no changes in plasma lipid concentrations (Supplementary Figure 1A). Histological 

examination of H&E-stained liver sections revealed a slight trend towards reduced 

macrosteatosis, inflammation, and NAFLD activity score, but these did not reach 

statistical significance (Figure 3F, Supplementary Figure 1B). Lastly, we measured 

hepatic gene expression and found that Lrat-Mpc2-/- mice had significantly decreased 

expression of several markers of HSC activation, including Acta2, multiple collagen 

isoforms, Timp1, and Spp1 (Figure 3G).  Taken together, our results suggest that Mpc2 

deletion in hepatic stellate cells are protective from NASH development in mice. 

 To gain a better understanding of the changes taking place in the hepatic 

transcriptome of Lrat-Mpc2-/- and wild-type mice, we performed bulk RNA sequencing 

(RNAseq) analysis on livers from both genotypes on either the LFD or HFC diet.  

Analysis of differentially expressed genes (DEG) revealed Lrat-Mpc2-/- mice had a 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(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 

The copyright holder for this preprintthis version posted February 14, 2023. ; https://doi.org/10.1101/2023.02.13.528384doi: bioRxiv preprint 

https://doi.org/10.1101/2023.02.13.528384
http://creativecommons.org/licenses/by-nc-nd/4.0/


decrease in the expression of 123 genes while 91 genes were increased compared to 

wild-type mice on the LFD (Figure 4A). Comparison within the HFC groups revealed 

that Lrat-Mpc2-/- livers exhibited reduced expression of 343 genes, while the expression 

of 133 genes was elevated, compared to wild-type mice (Figure 4B). Gene set 

enrichment analysis a decrease in immune responses and apoptosis in Lrat-Mpc2-/- 

relative to wild-type mice in both diet groups (Figure 4C-D). Examination of perturbed 

KEGG signaling and metabolism pathways revealed a decrease in retinol metabolism 

and cell adhesion, while oxidative phosphorylation and protein processing were 

increased in Lrat-Mpc2-/- mice on the LFD (Figure 4E). On the HFC diet, Lrat-Mpc2-/- 

mice again displayed a decrease in expression of immune signaling pathways while 

pathways associated with steroid hormone biosynthesis and amino acid metabolism 

were increased (Figure 4F). Collectively, these results indicate that stellate cell-specific 

deletion of Mpc2 results in a shift in global hepatic transcriptome that is associated with 

a decreased immune response and possibly altered metabolism.   

 

Lrat-Mpc2-/- mice are protected from NASH exacerbated by thermoneutral 

housing. 

To further confirm our findings and add scientific rigor, we used a second model to 

induce NASH by placing both Lrat-Mpc2-/- and wild-type littermate mice in thermoneutral 

housing while feeding a western-type diet (42% kcal fat, 0.2% cholesterol) for a period 

of 20 weeks. Previous reports have demonstrated that housing at thermoneutrality, 

while feeding mice a western diet, exacerbates NASH development and is associated 

with activation of inflammatory pathways that are like those found in human disease 

development [16].  

Like our previous experiment, Lrat-Mpc2-/- mice had a modest but significant 15% 

decrease in body weight compared to wild-types, yet both groups gained a similar 

amount of weight over time (Figure 5A). We again found that both ALT and AST levels 

were 57% and 43% lower, respectively, in Lrat-Mpc2-/- mice compared to wild-type 

littermates (Figure 5B).  Total liver and fat mass were lower in Lrat-Mpc2-/- mice, but 

there was no difference in total lean mass compared to wild-type (Figure 5C-D, 

Supplementary Figure 2). As with our previous experiment, when liver and fat mass 
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were normalized to body weight, there was no difference in liver or fat mass between 

genotypes (Figure 5C-D). Lastly, Lrat-Mpc2-/- mice had reduced hepatic expression of 

several markers of HSC activation including multiple collagen isoforms, Timp1, Spp1, 

and Lgals3 (Figure 5E).  Collectively, our data demonstrate that stellate cell-specific 

disruption of the MPC blunts HSC activation and reduces NASH progression.  

 

DISCUSSION: 

Upon activation by liver injury, HSC undergo complex changes in intermediary 

metabolism that allow them to proliferate, transdifferentiate into myofibroblasts, and 

migrate to sites of injury. These changes include increased glycolysis and reliance on 

glutamine, and ultimately a shift towards producing greater amounts of ECM products 

that can result in hepatic scarring (fibrosis). Prior work has demonstrated that inhibition 

of glycolysis or glutaminolysis can attenuate HSC activation in response to activating 

stimuli [8, 9]. In the current work, we focused our studies on the MPC, which connects 

anaerobic glycolysis with mitochondrial metabolism by transporting pyruvate, a major 

end-product of glycolysis, into the mitochondrial matrix where it can participate in the 

TCA cycle.  Use of MPCi has been previously shown to reduce markers of HSC 

activation and fibrosis in mouse models of NASH, but the direct effect on HSC has been 

little studied.  Both MPC pharmacological inhibition and genetic deletion of Mpc2, 

resulted in reduced activation of HSC in vitro. Importantly, we found that LratCre-Mpc2-/- 

mice were also protected from progression of NAFLD to NASH in two separate mouse 

models. Overall, these studies point towards a novel therapeutic target to reduce HSC 

activation to decrease NASH progression. 

 Activated HSC undergo a dramatic shift in metabolism whereby there is an 

increase in glucose uptake and glycolysis, a phenomenon that is often found in cancer 

cells [7]. Previous work has demonstrated that inhibition of glycolysis reduces the 

activation of HSC [8]. Since the MPC sits at a critical hub connecting glycolysis and the 

TCA cycle, we hypothesized that inhibition of this important node would reduce the 

ability of HSC to undergo the metabolic changes necessary to sustain activation.  

Indeed, our studies found that direct treatment of isolated HSC with either MPCi or 

genetic deletion of Mpc2, resulted in a reduction in several HSC activation markers.  
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Importantly, our in vitro findings were recapitulated in multiple mouse models of NASH 

where mice with stellate cell-specific deletion of Mpc2 were protected NASH 

progression as evidenced by reduced levels of ALT and AST, as well as decreased 

expression of numerous markers of HSC activation.  Analysis of RNAseq data revealed 

a striking decrease in gene sets associated with both innate and adaptive immune 

responses, a key finding since immune cell infiltration is one of the early signs of 

disease development [17]. Although these findings provide evidence that MPC inhibition 

limits the activation of HSC, the exact mechanisms driving this are not clear. 

While enhanced glucose utilization has been shown to be a defining feature of 

HSC activation, enhanced glutamine metabolism also plays a significant role. Glutamine 

has long been known to stimulate collagen production in fibroblasts [18, 19] and hepatic 

stellate cells in vitro [9, 20]. Evidence has suggested that enhanced glutaminolysis, the 

process of converting glutamine into TCA cycle intermediates, is a key feature of 

fibrosis in people with NASH [21]. Glutamine regulates collagen production by 

enhancing the transcription of the genes encoding collagens and other components of 

the ECM and by serving as a substrate for collagen synthesis. Du et al demonstrated 

that, compared to HSC supplied with both glucose and glutamine, glucose deprivation 

alone had little to no effect while glutamine deprivation substantially impaired HSC 

activation and function in isolated HSC [9]. Inhibition of enzymes involved in 

glutaminolysis (glutaminase, GLS; glutamate dehydrogenase, GDH; or the 

transaminases GOT2 and GPT2) limited HSC proliferation, activation, and migration in 

vitro [9]. A key metabolite produced by glutaminolysis is alpha-ketoglutarate (AKG), and 

the addition of dimethyl AKG, a cell permeable form of AKG, was able to rescue HSC 

activation in the presence of the various glutaminolysis inhibitors [9].  

 Although glutamine can serve as an important metabolite to replenish TCA 

intermediates for the downstream production of ATP to support the energetic demands 

of fibroblast activation, there are also biosynthetic fates of glutamine that may be 

important in HSC activation. Recent work in lung fibroblasts has illustrated that rather 

than simply generating TCA intermediates, glutamine supplementation contributes to 

collagen production as a substrate for synthesis of glycine and proline, two of the most 

abundant amino acids in collagen [22]. Along these lines, cancer associated fibroblasts 
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are reliant on glutamine for the synthesis of proline, mediated by the enzyme PYCR1, to 

promote excess collagen production [23]. Reduction of PYCR1 levels reduced collagen 

production and authors found that PYCR1 was upregulated epigenetically via 

acetylation facilitated by acetyl-CoA produced by the pyruvate dehydrogenase complex 

[23].  Since MPC inhibition would limit intramitochondrial pyruvate available for 

generation of acetyl-CoA, inhibition of the MPC may limit HSC activation by altering 

epigenetic regulation. However, additional work is required to support this hypothesis. 

Collectively, we postulate that inhibition of the MPC limits HSC activation by reducing 

the ability of cells to use pyruvate as a metabolic substrate, which impacts signaling and 

biosynthetic processes. Alternatively, or in addition, limiting mitochondrial pyruvate 

metabolism may alter the metabolic fate of glutamine to impact the process of 

activation.   

 In summary, the current work provides evidence that inhibition of the MPC 

ameliorates HSC activation.  Using Cre-LoxP mediated recombination, we generated 

novel stellate cell-specific Mpc2 knockout mice, which were protected from NASH 

development in two separate dietary models. Analysis of hepatic RNAseq data 

demonstrated that HSC-specific Mpc2 deletion resulted in a decreased in pathways 

associated with immune cell activation and extracellular matrix remodeling.  It is 

possible that MPC inhibition could mediate these changes through epigenetic regulation 

and/or altering cellular energetics and use of other important metabolic substrates. 

However, further studies are required to determine the precise mechanisms at play.  

Overall, these data highlight an alternative mechanism by which MPC inhibitors could 

be a novel therapeutic option for people afflicted with NASH. 
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MATERIALS AND METHODS: 

Animal Studies: All animal experiments were approved by the Institutional Animal Care 

and Use Committee of Washington University in St. Louis (animal protocol number 20-

0004). To generate HSC-specific deletion of Mpc2, we crossed Mpc2fl/fl mice with 

lecithin retinol acyltransferase LratCre mice [4]. Littermates that did not express Cre 

were used as controls in all studies. For high fat diet studies, at 8 weeks of age, male 

mice were switched from standard chow to either a low-fat diet (Research diets 

D09100304) or a NASH-inducing diet high in fat, fructose, and cholesterol (Research 

diets D09100310) and maintained on diet for 12 weeks. After 4 weeks of diet, mice were 

given one-time intraperitoneal injection of carbon tetrachloride (CCL4) dissolved in corn 

oil (0.5 µL CCL4 per gram body weight). After 12 weeks of diet feeding, animals were 

fasted for 5 h, then sacrificed for tissue and blood collection.  

 For thermoneutral studies, mice were switched from a standard chow diet to a 

western-type diet (42% kcal fat, 0.2% cholesterol; TD88137). At the same time, mice 

were placed in thermoneutral housing (30˚C). Mice were maintained on dietary feeding 

and thermoneutral housing for 20 weeks then sacrificed for tissue and blood collection 

following a 5 h fast. 

 

Body composition: Total body composition of fat and lean mass was determined by 

EchoMRI-100H (EchoMRI LLC). 

 

Plasma analyses: Plasma levels of alanine transaminase (ALT) and aspartate 

transaminase (AST) were determined using kinetic absorbance assays (Teco 

Diagnostics) as described previously [10]. Analysis of plasma triglycerides (Thermo 

Fisher Scientific), total cholesterol (Thermo Fisher Scientific), and non-esterified fatty 

acids (FUJIFILM Wako) were determined using colorimetric based assay as previously 

reported [24, 25]. 

 

Histological Analyses: Liver tissue was fixed in 10% neutral buffered formalin for 24 

hours then paraffin embedded, then sections were cut and stained with hematoxylin and 

eosin (H&E).  H&E sections were assessed for steatosis score, lobular inflammation, 
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and NAFLD total score, by a board-certified pathologist (M.H.) who was blinded from 

treatment groups, as previously reported [10, 25].  

 

Hepatic Stellate Cell Isolation: HSC were isolated from mice as previously described 

[10]. Briefly, following collagenase perfusion, HSC were purified using a density gradient 

centrifugation Optiprep (Sigma), then cells were seeded on to standard tissue culture 

dishes in DMEM media (Gibco) containing 10 % fetal bovine serum, and 1x Pen/Strep.  

After 24 hours, a subset of cells was harvested for use as a quiescent HSC control 

group.  In the remaining cells, media was switched to media containing either vehicle 

(DMSO) or the MPCi 7ACC2 (1 µM). Media was replenished every other day. 

 

RNA isolation qRT-PCR: RNA was isolated as previously described [26]. For in vitro 

studies, RNA was harvested from tissue culture dishes using TRIzol Reagent (Ambion) 

and Purelink™ RNA Mini Kit (Invitrogen™). For liver tissue, ~30 mg of frozen liver tissue 

was homogenized in TRIzol Reagent (Ambion) using the TissueLyser II (Qiagen) 

followed by isolation using the Purelink™ RNA Mini Kit (Invitrogen™). RNA was reverse 

transcribed into complimentary DNA (cDNA) using High-Capacity reverse transcriptase 

(Life Technologies).  Quantitative real-time polymerase chain reaction was performed 

using Power SYBR Green (Thermo Fisher Scientific) and an optical 384-Well Reaction 

Plate (Applied Biosystems) using ViiA 7 Real-Time PCR System (Applied Biosystems). 

Relative gene expression was determined by the ΔΔCt method 36b4 as a reference 

gene. 

 

RNA sequencing: RNA was isolated from liver tissue as described above and bulk 

RNA sequencing was performed at the Genomic Technologies and Access Center at 

the McDonald Genomic Institute of Washington University School of Medicine in St. 

Louis. An Agilent Bioanalyzer was used to assess RNA integrity and ribosomal RNA 

depletion was performed with RiboErase (HMR). Samples were prepared according to 

library kit manufacturer’s protocol, then indexed, pooled, and sequenced on a NovaSeq 

S4 2x150, targeting ~30 million reads per sample.  Detailed methods of RNA 

sequencing analysis are previously reported [26]. 
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Statistical Analyses:  GraphPad Prism Software, version 9.5.0 for windows, was used 

to generate figures. All data and are presented as the mean ±SEM.  Statistical 

significance was calculated using an unpaired Student’s t-test, two-way analysis of 

variance (ANOVA), or one-way ANOVA with Tukey’s multiple comparisons test, with a 

statistically significant difference defined as p<0.05. 
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FIGURE LEGENDS: 
Figure 1: The MPC inhibitor 7ACC2 reduces hepatic stellate cell activation in 

vitro. Hepatic stellate cells (HSC) were isolated from wild-type Mpc2fl/fl mice and 

cultured for up to 7 days (d7) with or without the addition of vehicle (DMSO) or 7ACC2 

(1 µM). A portion were harvested after 1 day of culture (non-treated, NT d1) for 

quiescent HSC. Gene expression was measured by qRT-PCR and data are expressed 

as mean ± SEM, relative to d1 HSC. *p<0.05, **p<0.01. 

 

Figure 2: Stellate cell-specific deletion of Mpc2 blunts HSC activation in vitro. 

Mice with stellate cell-specific deletion of Mpc2 were generated by crossing Mpc2fl/fl 

mice with mice expressing the Cre-recombinase driven by a lecithin retinol 

acyltransferase promotor (Lrat-Mpc2-/-). HSC were isolated from littermate wild-type 

(WT) and Lrat-Mpc2-/- (KO) mice and cultured for up to 7 days (d7), while a portion of 

cells were harvested after 1 day of culture (d1) for quiescent HSC. Gene expression 

was measured by qRT-PCR and data are expressed as mean ± SEM, relative to WT d1 

HSC. **p<0.01, ****p<0.0001. 

 

Figure 3: Lrat-Mpc2-/- mice are protected from NASH-inducing diet. At about 8 

weeks of age, littermate wild-type (WT) and Lrat-Mpc2-/- (KO) mice were placed on 

either a low-fat diet (LFD) or a NASH-inducing diet (high in fat, fructose, and cholesterol; 

HFC) for a period of 12 weeks. To exacerbate NASH progression, we treated mice with 

a one-time dose of carbon tetrachloride after four weeks on diet. (A) Terminal body 

weight, expressed as total mass and percent body weight gain from initiation of diet. (B) 

Liver weight measured at sacrifice, expressed as total mass and percent body weight. 

Body composition determined by EchoMRI for both (C) fat mass and (D) lean mass, 

represented as total mass and percent body weight. (E) Plasma levels of circulating 

transaminases ALT and AST collected at sacrifice. (F) Representative liver sections 

with H&E staining. (G) Hepatic gene expression measured by qRT-PCR and expressed 

relative to WT LFD control group.  All data expressed as mean ± SEM (n=7-11/group). 

*p<0.05, **p<0.01. 
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Figure 4: RNAseq reveals reduced immune responses in Lrat-Mpc2-/- mice. RNA 

sequencing was performed on liver tissue from both wild-type (WT) and Lrat-Mpc2-/- 

(KO) mice on placed on either a LFD or HFC diet (n=5/group). Volcano plot of 

differentially expressed genes with p-value <0.05 comparing (A) KO versus WT mice on 

LFD and (B) KO versus WT mice on HFC diet. Differentially expressed genes with Log 

fold change (LogFC) less than -0.5, or greater than 0.5, were highlighted in either blue 

or red, respectively. Analysis of perturbations in Hallmark gene set collections when 

comparing (C) KO versus WT mice on LFD and (D) KO versus WT mice on HFC diet. 

Changes in KEGG signaling and metabolism pathways when comparing (C) KO versus 

WT mice on LFD and (D) KO versus WT mice on HFC diet. 

 

Figure 5: Lrat-Mpc2-/- mice are protected from NASH exacerbated by 

thermoneutral housing. At about 8 weeks of age, littermate wild-type (WT) and Lrat-

Mpc2-/- (KO) mice were placed in thermoneutral housing (30˚C) for 20 weeks.  (A) 

Terminal body weight, expressed as total mass and percent body weight gain from 

initiation of diet. (B) Plasma levels of circulating transaminases ALT and AST collected 

at sacrifice. (C) Liver weight measured at sacrifice, expressed as total mass and 

percent body weight. (D) Analysis of fat mass determined by EchoMRI, represented as 

total mass and percent body weight. (G) Hepatic gene expression measured by qRT-

PCR and expressed relative to WT group.  All data expressed as mean ± SEM (n=5-

9/group). *p<0.05, **p<0.01. 

 

Supplementary Figure 1: No changes in plasma lipids Lrat-Mpc2-/- mice are 

protected from NASH-inducing diet.  At about 8 weeks of age, littermate wild-type 

(WT) and Lrat-Mpc2-/- (KO) mice were placed on either a low-fat diet (LFD) or a NASH-

inducing diet (high in fat, fructose, and cholesterol; HFC) for a period of 12 weeks. To 

exacerbate NASH progression, we treated mice with a one-time dose of carbon 

tetrachloride after four weeks on diet. (A) Analysis of plasma triglycerides (TG), total 

cholesterol (TC), and non-esterified fatty acids (NEFA) expressed as mean ± SEM (n=7-

11/group). (B) Histological scoring of H&E-stained liver sections assessing steatosis, 
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macrosteatosis, lobular inflammation, and NAFLD activity score expressed as mean ± 

SEM (n=6-7/group).  

 

Supplementary Figure 2: Lean mass is similar between wild-type and Lrat-Mpc2-/- 

mice in thermoneutral housing. At about 8 weeks of age, littermate wild-type (WT) 

and Lrat-Mpc2-/- (KO) mice were placed in thermoneutral housing (30˚C) for 20 weeks.  

Analysis of lean mass determined by EchoMRI, represented as total mass and percent 

body weight. All data expressed as mean ± SEM (n=5-9/group). 
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Figure 1: The MPC inhibitor 7ACC2 reduces hepatic stellate cell activation in vitro. 
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Figure 2: Stellate cell-specific deletion of Mpc2 blunts HSC activation in vitro.  
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Figure 3: Lrat-Mpc2-/- mice are protected from NASH-inducing diet
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Figure 4: RNAseq reveals reduced immune responses in Lrat-Mpc2-/- mice
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Figure 5: Lrat-Mpc2-/- mice are protected from NASH exacerbated by thermoneutral 
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