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Abstract 44 
Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease, characterized by 45 
excess fat accumulation (steatosis). Nonalcoholic steatohepatitis (NASH) develops in 15-20% 46 
of NAFLD patients, and frequently progresses to liver fibrosis and cirrhosis. We aimed to 47 
develop an ex vivo model of inflammation and fibrosis in steatotic murine precision-cut liver 48 
slices (PCLS). NASH was induced in C57Bl/6 mice using amylin and choline-deficient L-49 
amino acid-defined (CDAA) diet. PCLS were prepared from steatohepatitic (sPCLS) and 50 
control (cPCLS) livers and cultured for 48h with LPS, TGFβ1 or elafibranor. Additionally, 51 
C57Bl/6 mice were placed on CDAA diet for 12 weeks, to receive elafibranor or vehicle from 52 
week 7-12. Effects were assessed by transcriptome analysis and pro-collagen Iα1 protein 53 
production. The diets induced features of human NASH. Upon culture, all PCLS showed an 54 
increased gene expression of fibrosis and inflammation related markers, but decreased lipid 55 
metabolism markers. LPS and TGFβ1 affected sPCLS more pronouncedly than cPCLS. 56 
TGFβ1 increased pro-collagen Iα1 solely in cPCLS. Elafibranor ameliorated fibrosis and 57 
inflammation in vivo, but not ex vivo, where it only increased the expression of genes 58 
modulated by PPARα. sPCLS culture induced inflammation, fibrosis and lipid metabolism 59 
related transcripts, explained by spontaneous activation. sPCLS remained responsive to pro-60 
inflammatory and profibrotic stimuli on gene expression. We consider that PCLS represent a 61 
useful tool to reproducibly study NASH progression. sPCLS can be used to evaluate potential 62 
treatments for NASH, as demonstrated in our elafibranor study, and serves as a model to 63 
bridge results from rodent studies to the human system. 64 
 65 
Keywords: NASH, precision-cut liver slices, inflammation, fibrosis, elafibranor 66 
  67 
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New & Noteworthy 68 
This study showed that nonalcoholic steatohepatitis can be studied ex vivo in precision-cut 69 
liver slices obtained from murine diet-induced fatty livers.  70 
Liver slices develop a spontaneous inflammatory and fibrogenic response during culture that 71 
can be augmented with specific modulators. Additionally, the model can be used to test the 72 
efficacy of pharmaceutical compounds (as shown in this investigation with elafibranor) and 73 
could be a tool for preclinical assessment of potential therapies. 74  75 
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Introduction 76 
Nonalcoholic fatty liver disease (NAFLD) is the main cause of chronic liver disease in Europe 77 
and USA(71), with increasing prevalence. The pathogenesis of NAFLD is not completely 78 
understood; however, the genetic predisposition, obesity, type 2 diabetes mellitus, 79 
hyperlipidemia and the metabolic syndrome are closely associated(24, 71). NAFLD includes 80 
benign steatosis (fat accumulation) and nonalcoholic steatohepatitis (NASH), which is 81 
characterized by ballooning degeneration and lobular inflammation that can lead to fibrosis, 82 
cirrhosis and hepatocellular carcinoma(47). 83 
Currently there are no approved pharmacological therapies to treat NASH. Lifestyle 84 
interventions (e.g. weight loss and exercise) are recommended by the American Association 85 
for the Study of Liver Disease(7), but due to lack of compliance, these cannot be implemented 86 
in the majority of patients. Most drugs in clinical trials that target NASH address upstream 87 
mechanisms related to hepatic steatosis and metabolic stress(45).  88 
To advance the scientific understanding of NAFLD and NASH, and to test novel drug 89 
candidates, adequate animal models are essential. The perfect animal model represents the 90 
plethora of pathophysiological changes observed in patients. Conventional mouse models are 91 
based on ad libitum feeding of diets enriched in different combinations of fat, fructose, 92 
cholesterol, nutrient deficiencies (e.g., choline and/or methionine), toxic interventions or 93 
genetic manipulation(29). Overnutrition in rodents shows satisfactory results and similarities to 94 
the human pathology of mere obesity and type 2 diabetes(8, 27), although the phenotype is 95 
typically mild NASH with no or minimal fibrosis. Thus, there is a clear need for preclinical 96 
models that reproduce both the disease phenotype and its etiology, to support the mechanistic 97 
and pharmacological studies of NASH in man(13).  98 
The amylin liver NASH model (AMLN) is overnutrition-based by incorporates food pellets 99 
that combine fat (≈40%) with fructose (≈20%), a monosaccharide promoting NAFLD 100 
severity(32). This leads to macro- and microvesicular steatosis, periportal inflammation, portal 101 
and bridging fibrosis after 30 weeks(10). Another option for inducing NASH is a nutrient 102 
deficient diet. The best such model is the choline-deficient L-amino acid-defined (CDAA) 103 
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diet(13) that causes NASH due to the absence of choline, an essential nutrient, needed for 104 
triglyceride packaging and export as very low density lipoprotein, and bile salt excretion from 105 
hepatocytes(30, 38). Mice fed with this diet develop steatosis, inflammation and fibrosis(25). 106 
However, the grade of inflammation and fibrosis can be variable, depending on the mouse 107 
strain and other food components(21).  108 
To improve reproducibility of NASH-related inflammation and fibrosis, to permit a 109 
standardized test model for potential drugs, such as anti-inflammatory or antifibrotic agents, 110 
and to save on experimental animals, we studied the validity of ex vivo murine model of 111 
precision-cut liver slices (PCLS). PCLS preserve the complex structure of the liver and its 112 
cellular interactions, showing a spontaneous profibrotic and pro-inflammatory response during 113 
culture(33, 67). Inflammation and fibrosis can be further enhanced by incubating PCLS with 114 
TGFβ1 and LPS, respectively(54, 56). Of note, TGFβ1 and LPS are also involved in NAFLD 115 
pathology and progression(17, 65). Last, PCLS is a valuable preclinical tool that allows drug 116 
testing for efficacy and toxicity(33, 61), while considerably reducing the number of 117 
experimental animals. For instance, Ijssennagger et al. successfully tested the effect of 118 
obeticholic acid (drug in phase III clinical trials for NASH) in PCLS, providing new insights 119 
into the mechanism of action(22).   120 
In this study, we aimed to develop and standardize an ex vivo model based on steatotic PCLS 121 
obtained from livers of mice subjected to two diets that induce NASH, namely AMLN and 122 
CDAA diets.  123 124 

Downloaded from www.physiology.org/journal/ajpgi at Biblio der Rijksuniversiteit (129.125.148.247) on January 13, 2020.



Investigating an ex vivo NASH model 

 7

Methods 125 
Chemicals  126 
LPS was purchased at SAS Invivogen (TLRL-3PELPS, Toulouse, France) and human 127 
recombinant TGFβ1 was purchased from R&D Systems (240-B-002, Abingdon, UK). They 128 
were reconstituted according to the provider’s instructions. Elafibranor was purchased from 129 
(Sage Chemicals, Johannesburg, South Africa) and dissolved in DMSO. All stocks were stored 130 
at -20°C.  131 
Animals for ex vivo studies 132 
Adult male C57Bl/6JRj (Bl/6) mice from Janvier were placed on a Choline Deficient L-Amino 133 
Acid (CDAA, E15666-94, Ssniff Spezialdiäten GmbH) diet for 12 weeks (10 animals on 134 
CDAA diet and 8 on control diet) or amylin liver NASH model diet (AMLN, D09100301, 135 
Research Diets, NJ, USA) for 26 weeks (4 animals on AMLN diet and 4 on control diet). Each 136 
NAFLD-inducing diet had its matching control diet. The mice were housed on a 12h light/dark 137 
cycle, with controlled temperature and humidity. Chow and drinking water were ad libitum. 138 
The mice were sacrificed under isoflurane/O2 (Nicholas Piramal, London, UK) anesthesia. The 139 
studies were approved by the Animal Review Committee of the German government and were 140 
performed according to the German Animal Protection Law.  141 
Animals for in vivo studies 142 
Male 8-week-old Bl/6 mice from Janvier were placed on CDAA. After 6 weeks of diet, the 143 
animals were treated with 15 mg/kg elafibranor (administered orally twice a day) or vehicle for 144 
6 weeks, while continuing the diet (11 mice in each group).  The studies were approved by the 145 
Animal Review Committee of the German government and were performed according to the 146 
German Animal Protection Law. 147 
Preparation of precision-cut liver slices 148 
We excised the mouse livers and collected them in ice-cold University of Wisconsin 149 
preservation solution (DuPont Critical Care, Waukegab, IL, USA). The tissue was kept on ice 150 
until preparation of PCLS. 151 
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PCLS were prepared as previously described(18) from the whole liver, with a Krumdieck 152 
tissue slicer (Alabama Research and Development, USA). PCLS had the following 153 
characteristics: diameter – 5 mm, thickness – 250-300 μm, weight – 4-5 mg. We incubated the 154 
PCLS individually in 12-well plates in 1.3 ml of Williams Medium E (with L glutamine, 155 
Invitrogen, Paisly, Scotland) supplemented with 25 mM glucose and 50 μg/ml gentamycin 156 
(Invitrogen). PCLS were exposed to 1 μg/ml LPS, 5 ng/ml TFGβ or elafibranor 0.2 or 1 μM. 157 
Culture medium was changed after 24h. Culture lasted 48h. PCLS were cultured in an 158 
incubator (Binder, Tuttlingen, Germany) with 37°C, 90% O2 and 5% CO2, horizontally shaken 159 
at 90 rpm. An outline of the sample preparation is presented in Fig. 1. 160 
PCLS viability 161 
PCLS viability was assessed by adenosine triphosphate (ATP) content with a bioluminescence 162 
kit (Roche Diagnostics, Mannheim, Germany). The obtained ATP content (pmol) was 163 
corrected for the total protein content (μg), determined with the Lowry method (RC DC 164 
Protein Assay, Bio Rad, Veenendaal, The Netherlands). 165 
Gene expression analysis 166 
We used quantitative reverse transcription polymerase chain reaction (qRT-PCR) as a method 167 
to evaluate the gene expression of markers related to fibrosis, inflammation and fat 168 
metabolism. Three PCLS were pooled, snap-frozen and RNA was extracted with FavorPrep™ 169 
Tissue Total RNA Mini Kit (Favorgen, Vienna, Austria). We determined RNA quantity and 170 
quality with BioTek Synergy HT (BioTek Instruments, Vermont, USA). 1 μg total RNA was 171 
reverse transcribed to cDNA using the Reverse Transcription System (Promega, Leiden, The 172 
Netherlands). qRT-PCR was performed using ViiA 7 Real-Time PCR System (Applied 173 
Biosystems, California, USA) and SYBR Green (Roche) based detection. We assessed the 174 
gene expression of the selected markers (Supplementary Information Table 1) with the Double 175 
Delta Ct analysis (2-ΔΔCt), using Hydroxymethylbilane Synthase (Hmbs) as a reference gene.  176 
Hydroxyproline analysis  177 
Hepatic hydroxyproline (hyp) was determined from 250-350 mg tissue, which was hydrolyzed 178 
in 5 ml of HCl 6N overnight at 110°C. The samples were diluted in citric-acetate buffer and 179 
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treated with Chloramine T (Sigma-Aldrich, Zwijndrecht, Netherlands) and 4-180 
(dimethyl)aminobenzaldehyde (Sigma-Aldrich). The absorbance of the samples was measured 181 
at 550 nm. The results show the μg of hepatic hyp per mg tissue. 182 
Histopathological analysis  183 
Formalin-fixed, paraffin embedded PCLS were sectioned at 4 μm and stained with 184 
hematoxylin and eosin (H&E) to assess hepatic steatosis, sirius red (SR) and Masson’s 185 
trichrome for collagen deposition. The images were acquired with NanoZoomer S360 186 
(Hamamatsu, Hamamatsu, Japan) and the quantification of the SR staining was performed 187 
using the Aperio ImageScope software (Leica Biosystems, IL, USA). 188 
Serum triglyceride 189 
Serum triglyceride content was assessed in a COBAS Integra 400 plus (Roche Diagnostics, 190 
Mannheim, Germany) using the provided protocol.  191 
Pro-collagen Iα1 192 
We measured the content of murine pro-collagen Iα1 in the culture media of PCLS using an 193 
ELISA kit (ab210579, Cambridge, UK). The determination was performed on media from the 194 
last 24h of culture and pooled from three slices of the same group. The assay was done 195 
according to the manufacturer’s protocol.  196 
Data and statistical analysis  197 
We used 4 to 10 different livers per diet, using slices in triplicates from each liver. The results 198 
are presented as mean ± standard error of the mean (SEM). Significance was established using 199 
non-parametric tests: Mann-Whitney test (unpaired and two-tailed p value) when comparing 200 
two groups and Kruskal-Wallis test (exact p value) when comparing three groups. The 201 
difference was considered significant when p<0.05. 202 
  203 
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Results 204 
AMLN and CDAA diets induce NASH-associated changes  205 
We initially evaluated the presence of liver steatosis and fibrosis. To this end, we assessed the 206 
differences in liver to body weight (LBW) ratio, hydroxyproline (hyp) content, histology and 207 
transcriptional levels of fibrosis, inflammation and fat metabolism markers (Fig. 2). First, the 208 
LBW ratio (Fig. 2A) showed a marked difference between the NASH diets and their controls, 209 
indicating liver enlargement mainly due to steatosis. Second, the hyp content (Fig. 2B) 210 
revealed the presence of fibrosis in AMLN and CDAA livers, where the concentration of 211 
hyp/mg liver increased by 100% and 500%, respectively. Third, the morphological analysis 212 
showed that the NASH diets led to liver steatosis, characterized by macrovesicular steatosis in 213 
CDAA-fed mice and macro- and microvesicular steatosis in AMLN fed animals (Fig. 2C).  214 
Additionally, we observed infiltrating immune cells in sections from both diets. The Sirius Red 215 
(Fig. 2C) and Masson’s trichrome (SI Fig. 1) stainings revealed the presence of fibrosis in both 216 
models, with the mice on the CDAA diet having more ECM deposition. Last, we investigated 217 
the differences in gene expression of several markers related to fibrosis, inflammation and fat 218 
metabolism in PCLS prior culture (Fig. 2D). Fibrosis markers (Col1α1, Serpinh1, Acta2) were 219 
increased in the diets compared to control. Fn1 showed an increase only for the CDAA diet. 220 
We next evaluated inflammation by measuring gene transcription of cytokines: IL-1b, IL-6 and 221 
TNFα. Increased gene expression of Il1b and Tnfa was observed for both diets. To assess the 222 
transcriptional changes associated with fat metabolism, we tested the gene expression of two 223 
anabolism markers involved in fatty acid synthesis (Fasn, Acaca) and three markers related to 224 
fatty acid catabolism (Acox, Cpt1a, Ppara). All tested lipid metabolism markers were 225 
downregulated by the CDAA diet, while no difference was observed for the AMLN diet. These 226 
PCR results were obtained by comparing each NAFLD diet to its respective control diet; 227 
however, there were certain differences at baseline between the two control diets (SI Fig. 2), 228 
which are not the focus of this study and were not taken into consideration for the next 229 
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analyses. These results show major diet-induced changes related to hepatic fat accumulation, 230 
fibrosis and inflammation, which mimic pathological characteristics of human NASH.  231 
 232 
Culture of steatotic PCLS induces fibrosis and inflammation and reduces fat metabolism  233 
Tissue slicing and culture induces a pro-inflammatory and profibrotic response, most probably 234 
due to the mechanical stress and cold ischemia(33, 55, 66). Therefore, we assessed the effect of 235 
culture on all PCLS. Slices maintained viability during the 48h of culture (SI Fig. 3A). Next, 236 
we analyzed transcriptional changes for fibrosis, inflammation and fat metabolism related 237 
markers. To facilitate comparison, we divided the slices into two groups: steatotic PCLS – 238 
sPCLS (from the livers of mice on AMLN and CDAA diets) and control PCLS – cPCLS from 239 
the corresponding control diets.  240 
PCLS culture increased gene expression of fibrosis markers (Col1a1, Serpinh1 and Fn1) in all 241 
groups (Fig. 3A). Moreover, the expression levels reached in sPCLS were higher than cPCLS. 242 
We also observed that the gene expression levels of these three markers were higher in sPCLS 243 
from mice livers of CDAA than AMLN. The expression of the myofibroblast activation 244 
marker Acta2 was increased only in sPCLS. The results show that incubation triggers a 245 
profibrotic response in healthy and steatotic PCLS.  246 
Next, the inflammation status was evaluated through the gene expression of Il1b, Il6 and Tnfa 247 
(Fig. 3B). Culture-induced changes for Il1b were represented by a small gene expression 248 
increase in AMLN cPCLS. The gene expression of Il6 was strongly upregulated during 249 
incubation and we observed differences between sPCLS (100-200 times fold induction 250 
compared to cPCLS prior incubation) and cPCLS (30-40 times fold induction). Similarly, Tnfa 251 
gene expression was increased in all groups, with sPCLS reaching a higher expression level 252 
than their corresponding cPCLS. Altogether, this shows that the presence of steatosis in PCLS 253 
has a synergistic effect on the induction of transcripts of inflammation during culture. 254 
Further, we evaluated transcriptional changes related to lipid anabolism by measuring the 255 
expression of Fasn and Acaca (Fig. 3C). Culture decreased the expression of Fasn in all 256 
groups except CDAA sPCLS. Similarly, Acaca was downregulated in AMLN sPCLS and 257 
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CDAA cPCLS. Of note, the expression levels of Fasn and Acaca in CDAA sPCLS compared 258 
to CDAA cPCLS were already decreased prior to the culture. Regarding the transcription of 259 
lipid catabolism markers (Fig. 3C), culture led to a decrease in the gene expression of Acox, 260 
Cpt1a and Ppara in most of the groups. Thus, culture of steatotic and control PCLS for 48h 261 
reduces the gene expression of lipid metabolism related markers.  262 
 263 
Fibrosis and inflammation can be further enhanced in PCLS with activating mediators 264 
LPS is a bacterial endotoxin that generates an immune response characterized by the induction 265 
of proinflammatory cytokines(62). TGFβ1 is a multifunctional cytokine and is one of the main 266 
promoters of fibrosis(37). Both molecules are extensively used in in vitro research, due to their 267 
well-characterized and reproducible responses. We treated the PCLS with LPS or TGFβ1 for 268 
48h to assess if inflammation and fibrosis could be further enhanced. All PCLS remained 269 
viable during culture (SI Fig. 3B), but TGFβ1 reduced the ATP content by 20% in AMLN 270 
cPCLS and CDAA sPCLS. No significant differences were observed between the fibrotic areas 271 
of AMLN, CDAA s/cPCLS treated with TGFβ1 and untreated PCLS (SI Fig. 4). 272 
Next, we analyzed LPS and TGFβ1 induced gene expression changes. LPS had almost no 273 
effect on the expression of fibrosis markers (Fig. 4A), with the exception of a small increase in 274 
Serpinh1 and Acta2 expression in AMLN sPCLS. Additionally, no effect was observed on the 275 
content of pro-collagen Iα1 released in culture media (Fig. 4B). As expected, the main effect of 276 
LPS was observed in the expression of inflammation markers (Fig. 4C). In all groups (except 277 
Il1b in CDAA cPCLS), LPS increased the gene expression of inflammatory markers. 278 
Moreover, in both diets, the treatment with LPS led to a higher gene expression level of Il1b, 279 
Il6 and Tnfa in sPCLS than cPCLS. With regard to lipid metabolism markers (Fig. 4D), LPS 280 
reduced exclusively the expression of catabolism markers: Acox (AMLN sPCLS), Cpt1a 281 
(AMLN sPCLS) and Ppara (AMLN c/sPCLS and CDAA cPCLS). These results show that 282 
LPS induces an additional inflammatory effect and can also affect lipid catabolism.  283 
In all groups, TGFβ1 increased the gene expression of all studied fibrosis markers (Fig. 5A), 284 
except AMLN cPCLS, which showed an increase, but was not statistically significant. After 285 
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TGFβ1 treatment, the gene expression level of sPCLS was higher than in cPCLS (for Col1α1, 286 
Acta2, Serpinh1). With regards to the secretion of pro-collagen Iα1, TGFβ1 increased the 287 
production of this protein solely in the control diets (Fig. 5B). Beside fibrosis, TGFβ1 also 288 
influenced transcripts of inflammation (Fig. 5C) and lipid metabolism in certain groups (Fig. 289 
5D). Hence, PCLS treated with TGFβ1 displayed transcriptional changes related to fibrosis 290 
(increase), inflammation (slight increase) and lipid metabolism (decrease), especially in the 291 
presence of steatosis.  292 
PPARα/δ agonist increases lipid metabolism in the ex vivo CDAA model 293 
Elafibranor, a PPARα/δ agonist, is a potential treatment for NASH, which is now investigated 294 
in a phase 3 clinical trial (https://clinicaltrials.gov/ct2/show/NCT02704403). Our ex vivo 295 
NASH model has the potential of becoming a drug-testing system that can help evaluate the 296 
efficacy of drugs to reduce steatosis, inflammation and/or fibrosis. A critical validation step for 297 
this ex vivo model is to provide evidence of target engagement and pharmacological effects of 298 
the drugs that have been proven effective in in vivo studies. Therefore, we investigated the 299 
effect of elafibranor in PCLS from CDAA-induced NASH. We selected the CDAA model due 300 
to the higher amount of hepatic fibrosis compared to AMLN model and the possibility of direct 301 
comparison to in vivo results(63). We tested two concentrations of elafibranor, 0.2 μM and 1 302 
μM, based on the half maximal effective concentration of the drug(31). Elafibranor was well 303 
tolerated in PCLS, and a decrease in ATP content (25%) was observed only in cPCLS when 304 
treated with the 1 μM concentration (SI Fig. 3C). After 48h treatment, there were no changes 305 
regarding the gene expression of fibrosis and inflammation markers and pro-collagen Iα1 306 
production in PCLS treated with elafibranor compared to untreated PCLS of the same diet 307 
(Fig. 6A, B, C).  308 
Treatment of PCLS with elafibranor had no effect on the gene expression of fat anabolism 309 
markers, Acaca and Fasn (Fig. 6D). Regarding fat catabolism, the gene expression of Acox 310 
was increased by elafibranor 1 μM in sPCLS; additionally, we observed a trend of increased 311 
gene expression for Acox and Ppara in cPCLS. Considering that the increased expression of 312 
Acox is a direct effect of PPARα stimulation(43), we further tested several other markers that 313 
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are regulated by PPARα/δ in mice(3, 11, 36, 42, 43). These include genes involved in: fatty 314 
acid oxidation and ketogenesis (Cyp4a, Acadm, Hmgcs2), fatty acid transport (Cd36, Fabp1), 315 
production of fatty acids and very low density lipoproteins (Me1, Scd1), apolipoproteins 316 
(Apoa2, Apoa5), triglyceride clearance (Angptl4), glucose metabolism (Pdk4) and peroxisome 317 
proliferation (Pex11a). The differences regarding these genes between CDAA diet and its 318 
control, prior incubation, are presented in SI Fig. 5. After 12 weeks of diet, the gene expression 319 
of Fabp1, Scd1, Me1, Apoa5 and Pex11a were significantly decreased compared to control 320 
diet. Moreover, a trend for decreased gene expression is observed for Cyp4a (p=0.06) and 321 
Apoa2 (p=0.06). The effects of elafibranor on these genes in PCLS are presented in Fig. 6D. 322 
Elafibranor 1 μM increased the gene expression of Cyp4a in both cPCLS and sPCLS. The 323 
sPCLS responded more pronouncedly than the cPCLS; moreover, sPCLS treated with 324 
elafibranor 1 μM showed a gene expression level that was 2-fold higher than cPCLS at 0h. 325 
Elafibranor increased in PCLS the gene expression of enzymes involved in microsomal 326 
(Cyp4a) and peroxisomal (Acox) fatty acid oxidation, but not mitochondrial (Acadm, Hmgcs2) 327 
(SI Fig. 6A). The transcripts for fatty acid transport were influenced in cPCLS by elafibranor, 328 
as shown by the increased expression of Fabp1; for sPCLS only an increasing trend is 329 
observed for this gene. However, the gene expression level of Fabp1 in sPCLS was higher than 330 
in cPCLS. The gene expression of Scd1 and Pdk4 were increased by elafibranor in both 331 
groups, but the expression levels in sPCLS were lower than in cPCLS. Nonetheless, the fold 332 
induction due to the treatment was higher in sPCLS compared to cPCLS. Additionally, 333 
elafibranor 1 μM increased the expression of Angptl4 and Pex11a only in cPCLS. No 334 
differences were observed for the following genes: Cd36, Me1, Apoa2, Apoa5 (SI Fig. 6A). 335 
The effects of elafibranor were observed on transcriptional level of fat metabolism markers, 336 
while no significant change was observed on the fibrosis area (SI Fig. 6B). These results show 337 
that elafibranor can activate PPARα/δ signaling in murine PCLS, triggering the modulation of 338 
lipid and carbohydrate metabolism, whereas fibrosis and inflammation were not affected in 339 
PCLS during 48h culture.  340 
 341 
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Elafibranor improves the metabolic profile and ameliorates fibrosis in vivo in CDAA diet  342 
We next asked if the results obtained with elafibranor ex vivo were predictive for in vivo. To 343 
compare the results between the ex vivo and in vivo systems for the markers regulated by 344 
PPARα/δ, Bl/6 mice were placed on the CDAA diet for 6 weeks, followed by 6 weeks of diet 345 
and elafibranor treatment (15 mg/kg administered orally twice a day). Elafibranor improved 346 
the metabolic profile with a reduction of liver triglycerides by 70% (Fig. 7A), but increased 347 
liver weight compared to untreated mice (Fig. 7B). Regarding fibrosis, elafibranor reduced 348 
total liver collagen (hyp) by 30% (Fig. 7C). In the same line, elafibranor reduced fibrosis 349 
(Col1a1, Acta2) and inflammation (Tnfa) related transcripts (Fig. 7D). Treatment with 350 
elafibranor beneficially modulated the transcripts of fat metabolism markers (Fig. 7E and SI 351 
Fig. 7). After 6 weeks of treatment, elafibranor increased the mRNA expression of Acox, the 352 
first enzyme involved in peroxisomal fatty acid β-oxidation. The drug also increased the gene 353 
expression of enzymes involved in microsomal (Cyp4a) and mitochondrial (Acadm, Hmgcs2) 354 
fatty acid oxidation. Elafibranor can increase fat metabolism in the liver by promoting: fatty 355 
acid transport (Cd36, Fabp1), lipoprotein production (Me1, Scd1), trygliceride clearance 356 
(Angptl4) and glucose metabolism inhibition (Pdk4). The gene expression of apolipoproteins 357 
was differentially regulated by elafibranor, with Apoa2 being increased and Apoa5 being 358 
decreased by the treatment. Lastly, elafibranor increased the expression of Pex11a, indicating 359 
peroxisome proliferation.  360 
  361 
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Discussion 362 
Our goal was to develop an ex vivo NASH model that closely mimics the changes associated 363 
with this condition and is relevant for testing therapeutic options. The model is based on 364 
steatotic murine livers as a source for PCLS, maintaining the original organ architecture and 365 
cellular composition.  366 
The first part of the study focused on the viability of steatotic liver slices and the effects of 367 
culture. All slices remained viable, but for the overnutrition model (AMLN) we observed 368 
lower absolute values in ATP content compared to cPCLS, showing that steatosis etiology can 369 
influence PCLS viability. This difference might arise from the types of lipids accumulated in 370 
hepatocytes during NASH development in these livers. High carbohydrate and fructose feeding 371 
increases free fatty acids levels, especially due to de novo lipogenesis(49). The free fatty acids 372 
have a lipotoxic effect that leads to mitochondrial dysfunction(15), reduced ATP content and 373 
apoptosis via the death receptor Fas and TRAIL receptor 5(14, 35). Lack of choline was also 374 
associated with mitochondrial dysfunction(20), but the choline present in the culture media (14 375 
μM) might have had a beneficial effect on CDAA slices, allowing them to recover and to have 376 
a similar ATP level to their cPCLS. The beneficial effect of choline in culture media (28 μM) 377 
was previously shown, when similar amounts of triacylglycerol were secreted by hepatocytes 378 
derived from mice on choline deficient and supplemented diets(28).  379 
PCLS can be advantageous for NASH research, as culture spontaneously triggers key 380 
inflammation and fibrotic genes(33, 54). This could be beneficial especially for currently used 381 
in vivo steatotic murine models that show only mild inflammation and fibrosis. We expected an 382 
inflammatory and fibrotic response during incubation, together with higher gene expression 383 
levels in the sPCLS than cPCLS, since steatosis can trigger both inflammation(53) and 384 
fibrosis(40). Spontaneous fibrosis was observed in all PCLS during culture, with sPCLS 385 
surpassing cPCLS in regards to gene expression levels. Although the AMLN and CDAA diets 386 
induce steatosis through different mechanisms, the increase in fibrosis markers during culture 387 
was similar between the two diets. The results showed also a pro-inflammatory response 388 
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during culture in all PCLS; from the three analyzed markers, Il6 was the most sensitive, having 389 
higher fold induction and attained expression levels in sPCLS. Increased levels of hepatic and 390 
circulating IL-6 were reported in animal models of NAFLD and patients(51, 68, 69). Long-391 
term IL-6 stimulation aggravates NAFLD by inhibiting hepatic insulin receptor signaling, 392 
hence causing insulin resistance(48). Inflammation plays a role in NAFLD pathophysiology 393 
and prognosis; therefore, the pro-inflammatory effect induced by culture could help identify 394 
the roles of different cytokines and chemokines in NAFLD/NASH and their potential as 395 
therapeutic targets.  396 
To our knowledge, this is the first study to assess gene expression related to lipid metabolism 397 
during culture of murine sPCLS. CDAA sPCLS showed less changes than AMLN sPCLS; this 398 
might be due to the decrease of fat metabolism related gene expression observed in the CDAA 399 
PCLS prior to culture (Fig. 2D3). The reduction of fat metabolism markers gene expression 400 
after culture can be caused by the absence of fructose, fatty acids and insulin in the culture 401 
media. Further investigations should be conducted to optimize the culture media in order to 402 
ensure the conservation and functionality of the lipid metabolism.  403 
The versatility of the PCLS model is reflected by the possibility of enhancing biological 404 
processes in order to answer specific research questions. Therefore, in the second part of our 405 
study, we focused on further induction of inflammation and fibrosis to mimic ex vivo the 406 
pathology observed in NASH. This would allow mechanistic studies and drug testing in a 407 
variety of settings. For this reason, we tested if sPCLS can still respond to the effects of 408 
powerful modulators of inflammation (LPS) and fibrosis (TGFβ1), which are also associated 409 
with NASH in patients(6, 12, 34). The results showed that LPS can accentuate inflammation 410 
and the transcriptional levels reached were higher in steatotic slices than the controls. 411 
Interestingly, LPS activated PCLS from the AMLN model more intensively than CDAA diet. 412 
This could be caused by the presence of fructose in the AMLN, a nutrient that leads to the 413 
increased hepatic LPS levels and activation of toll-like receptor 4 signaling(50, 58). Although 414 
pre-exposure to LPS can lead to LPS tolerance(60), this can be different in NASH due to 415 
impaired LPS clearance and enhanced Kupffer cells activation(1). Additionally, the 416 
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composition of lipids stored in hepatocytes may modulate the activity of Kupffer cells(1). 417 
Marked inflammation could have a negative effect on fat catabolism, as the increased 418 
inflammation caused by LPS decreased the gene expression of the studied fat catabolism 419 
markers, especially in sPCLS. 420 
Regarding fibrosis, TGFβ1 showed a clear profibrotic effect. sPCLS reached higher expression 421 
levels for fibrosis markers than cPCLS, confirming that we can accentuate fibrosis ex vivo, 422 
especially in the presence of steatosis and fibrosis. This is in accordance with human data, 423 
where an overexpression of the TGFB1 gene was found in NASH patients with fibrosis 424 
compared to NASH patients without fibrosis(5). An interesting result was that TGFβ1 could 425 
increase the production of pro-collagen Iα1 only in healthy slices. The lack of response from 426 
sPCLS could be due to the fact that a maximum production of pro-collagen Iα1 is induced 427 
solely by culture. Moreover, the high secretion of this protein in sPCLS when compared to 428 
cPCLS could be explained by more ECM-secreting cells in steatotic slices and a more 429 
susceptible response to the profibrotic effect of culture. Additionally, TGFβ1 reduced the gene 430 
expression of fat metabolism markers, especially for sPCLS, showing that an ongoing fibrotic 431 
process may contribute to lipid metabolism compromise. The detrimental effect of TGFβ1 in 432 
NAFLD was reported in murine hepatocytes, where TGFβ1 had a synergistic effect on 433 
palmitate, increasing lipogenesis and decreasing catabolism markers(70). Altogether, we 434 
showed that sPCLS are still responsive to further induction of fibrosis or inflammation, 435 
processes that also impact fat metabolism. This shows that the model is not limited to the 436 
effects triggered by culture and we can accentuate pathological conditions with activators or 437 
inhibitors, generating various stages of disease. 438 
Development and efficacy assessment of drugs is an expensive and time-consuming process. 439 
More relevant in vitro methods are needed to prevent unnecessary in vivo animal studies. 440 
Therefore, the goal of the last part of this study was to determine if the ex vivo steatotic PCLS 441 
model could be used for testing anti-NAFLD compounds. An advantage of this model is that 442 
several compounds and concentrations can be studied in slices from the same animal. We 443 
chose to evaluate the effects of elafibranor, since it is a promising candidate for treating 444 
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NASH, with good results in clinical trials(44). In addition, we aimed to investigate if this drug 445 
had a direct effect on fibrosis and inflammation in PCLS, since elafibranor can reduce 446 
inflammation and fibrosis in mice in vivo(59). Elafibranor activates lipid catabolism as a result 447 
of PPARα/δ activation. Transcriptional markers of fatty acid oxidation were increased by 448 
elafibranor in healthy control and CDAA sPCLS and in our in vivo experiment; however, the 449 
gene expression of mitochondrial oxidation markers was induced only in vivo. This may 450 
indicate that mitochondrial oxidation needs more than 48h (PCLS incubation time) to be 451 
induced by elafibranor, while the activation of PPARα triggers initial microsomal and 452 
peroxisomal oxidation. Elafibranor had similar effects in PCLS and in vivo for fatty acid 453 
transport transcripts, where it increased Fabp1 expression. FABP1, has an antioxidant and 454 
detoxifying role(64, 65) in hepatocytes due to its function in intracellular storage and transport 455 
of fatty acids. Moreover, a reduced level of FABP1 was reported in NASH patients and might 456 
predict NASH susceptibility in NAFLD patients(9). By increasing Fabp1 gene expression, 457 
elafibranor shows a protective role against oxidative stress and NAFLD progression. Another 458 
positive effect of elafibranor on lipid metabolism regulation was the increase of Scd1 gene 459 
expression, which was achieved in PCLS and in vivo. This gene was reported to be 460 
downregulated in animal models of NAFLD(16) and the hepatic protein activity was 461 
negatively correlated with liver fat in obese patients(52). Moreover, elafibranor influences 462 
glucose metabolism by inducing Pdk4, ex vivo as well as in vivo. Increased Pdk4 expression 463 
shows that glucose metabolism is inhibited and fatty acids are used instead to provide energy 464 
for the cell(46). A characteristic effect of PPARα agonists in the liver of rodents is hepatocyte 465 
peroxisome proliferation, which causes liver enlargement through hyperplasia and 466 
hypertrophy(2). Interestingly, the activation of PPARα in man does not lead to cell 467 
proliferation and therefore, the agonists of this receptor do not have a hepatocarcinogenic 468 
potential(57). Peroxisome proliferation in rodents was reported in vivo and in vitro(2). This 469 
process was observed in our study from the increased gene expression of Pex11a (ex vivo and 470 
in vivo) and liver weight increase in vivo. These results might indicate that the efficacy of 471 
elafibranor in increasing fat oxidation in mice is achieved through peroxisome proliferation. Ex 472 
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vivo, elafibranor showed clear effects on promoting fatty acids catabolism, but it does not 473 
ameliorate fibrosis and inflammation. In vivo, six weeks of elafibranor treatment had positive 474 
effects on fibrosis, inflammation and fat metabolism. We believe that in the in vivo 475 
experiments elafibranor improved lipid metabolism due to its mechanism of action, whereas 476 
amelioration of fibrosis and inflammation are indirect effects due to the reduction of fat and 477 
oxidative stress. Since fibrosis is triggered by inflammation, a reduction of inflammation 478 
would have a beneficial effect on fibrosis. The effects on inflammation and fibrosis are not 479 
observed in sPCLS probably due to the short culture time, but the similar effects on genes 480 
modulated by PPARα/δ are a confirmation that PCLS can correctly predict the efficacy of a 481 
drug on certain targets (receptors/pathways). Mouse results cannot be directly translated to 482 
patients, especially since the two species show different sensitivity to peroxisome proliferation, 483 
which might indicate faster steatosis resolution in mice than humans. Nevertheless, the phase 484 
two clinical trial of elafibranor showed that after one year, NASH patients had substantial 485 
histological improvement and resolution of steatohepatitis, without fibrosis worsening(44). 486 
Given these points, we consider that PCLS might have high predictive value for evaluating the 487 
efficacy of anti-NAFLD compounds.  488 
An important aspect of animal experiments is the relevance for human disease. NAFLD has a 489 
complex and heterogeneous pathogenesis, characterized by numerous interrelated processes 490 
that occur in different organs (liver, intestine, adipose tissue)(4). Although the methods used to 491 
induce NAFLD in animals are derived from human studies (overnutrition, diets rich in fat and 492 
carbohydrates, choline deprivation), the animal models of NAFLD may not recapitulate all 493 
characteristics of the condition(13). The overnutrition models show similar metabolic features 494 
to patients; however, the outcome is not severe and requires more time to develop(23). The 495 
choline deficient diet needs less time to show steatohepatitis features and fibrosis similar to 496 
patients with rapid NASH progression(26). However, in CDAA-fed mice the metabolic profile 497 
is opposite to the human condition, as they do not gain body weight, nor do they display 498 
hepatic insulin resistance(19). The animal model choice for preparing sPCLS depends mostly 499 
on the scientific question that needs to be answered. The chosen animal model for obtaining 500 
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PCLS should take into consideration the drug’s mechanism of action. The overnutrition model 501 
of AMLN can elucidate questions regarding steatosis, while CDAA is more indicated for later 502 
NAFLD stages, where increased inflammation and fibrosis can be investigated. We consider 503 
both models relevant for preclinical drug development, as they displayed increased 504 
inflammation and fibrosis during culture, and responded to pro-inflammatory and profibrotic 505 
stimuli. Additionally, modulators of inflammation and fibrosis can create more severe 506 
phenotypes to inquire drug efficacy. The model cannot replace in vivo experiments, but can 507 
reduce the number of animals by providing more relevant outcomes regarding safety and 508 
efficacy.  509 
Based on our data, we suggest that sPCLS is a promising tool to study NASH pathogenesis and 510 
test pharmaceutical compounds. Beside murine PCLS, this model could be used for (fatty) 511 
human livers from surgical procedures, in order to exclude murine-human translation. 512 
Nevertheless, there are drawbacks of the PCLS model, such as absence of communication with 513 
other organs involved in NAFLD, such as adipose tissue, or circulating immune cells and 514 
adipokines. However, it is still possible to study the effect of the adipose tissue on liver in 515 
vitro, by co-culturing sPCLS with adipocytes. Another option is the addition of adipokines to 516 
the sPCLS incubation media. An alternative to sPCLS would be inducing fat accumulation in 517 
vitro in healthy murine/human PCLS by adding fatty acids, sugars and insulin to the culture 518 
media(41). Although we observed that the transcripts of fat metabolism related markers are 519 
decreased during PCLS incubation, this might change in the presence of fatty acids, as 520 
observed in vitro in hepatocytes(39). Therefore, we consider that murine steatotic PCLS are 521 
fundamental for paving the way for studies in human liver slices (culture conditions 522 
optimization). 523 
In conclusion, PCLS appear to be a valuable preclinical model that preserves liver cellular 524 
structure and reduces significantly the number of animals used for research. Steatotic PCLS 525 
can be obtained from various animal models with different degrees of steatosis and fibrosis. As 526 
an ex vivo model, sPCLS shows fibrosis, inflammation and fat metabolism transcriptional 527 
changes during culture. Fibrosis and inflammation can be further induced with specific 528 
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molecules and drugs can be evaluated for their anti-NAFLD effect. The selection of the animal 529 
model should be done according to the research question. Future studies should be conducted 530 
to optimize culture conditions, especially for the lipid metabolism, and to obtain the proof of 531 
clinical translation of new NAFLD therapies, as a critical step for sPCLS validation. 532 
  533 
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Figure legends 811 
 812 
Fig. 1 – Schematic representation of the NAFLD induction in Bl/6 mice and precision-cut 813 
liver preparation and culture. 814 
 815 
Fig. 2 – The effects of AMLN and CDAA on the livers of Bl/6 mice. (A) Liver to body 816 
weight ratio; (B) Hydroxyproline (hyp) content; (C) H&E and Sirius Red staining of 817 
representative mouse liver section; Note the presence of macrosteatosis (black arrow), 818 
microsteatosis (white arrow), inflammatory infiltrated cells (dashed arrow), ballooning 819 
degeneration (double head black arrow) and collagen I and III fibers (black arrow head); (D) 820 
mRNA expression levels of (D1) fibrosis, (D2) inflammation and (D3) fat metabolism related 821 
markers in PCLS prior culture. p-value assessed by Mann-Whitney test ; *p < 0.05, **p<0.01, 822 
***p<0.001 significantly different from livers of the corresponding control diet. Data are 823 
expressed as means (± SEM), n=4 for AMLN, n=3 for hyp AMLN, n=4 for CTR AMLN, n=10 824 
for CDAA diet and n=8 for CTR CDAA diet.   825 
 826 
Fig. 3 – The effects of 48h culture on PCLS regarding (A) fibrosis, (B) inflammation and 827 
(C) fat metabolism related markers. mRNA expression levels of markers after 48h culture; 828 
fold induction is relative to cPCLS prior culture, using the corresponding control diet for each 829 
NAFLD-inducing diet; Data are expressed as means (± SEM); p-value assessed by Mann-830 
Whitney test; *p < 0.05, **p<0.01, ***p<0.001 significantly different from PCLS of the 831 
corresponding diet prior incubation (0h); n=4 for AMLN and CTR AMLN, n=10 for CDAA 832 
diet and n=8 for CTR CDAA .  833 
 834 
Fig. 4 – The effects of LPS on PCLS regarding (A) fibrosis markers,  (B) pro-collagen Iα1 835 
secretion, (C) inflammation and (D) fat metabolism related markers. mRNA expression 836 
levels of markers after 48h LPS treatment; fold induction is relative to cPCLS prior culture 837 
(0h), using the corresponding control diet for each NAFLD-inducing diet; Pro-collagen Iα1 838 
released in the culture media in the last 24h of incubation of control and steatotics PCLS 839 
treated with LPS; Data are expressed as means (± SEM); p-value assessed by Mann-Whitney 840 
test; *p < 0.05, **p<0.01, ***p<0.001 significantly different from PCLS of the corresponding 841 
diet; n=4 for AMLN and CTR AMLN, n=10 for CDAA diet, n=8 for CTR CDAA diet, n=5 for 842 
pro-collagen Iα1 CDAA and CTR CDAA.  843 
 844 
Fig. 5 – The effects of TGFβ1 on PCLS regarding (A) fibrosis markers, (B) pro-collagen 845 
Iα1 secretion, (C) inflammation and (D) fat metabolism related markers. mRNA 846 
expression levels of markers after 48h TGFβ1 treatment; fold induction is relative to cPCLS 847 
prior culture (0h), using the corresponding control diet for each NAFLD-inducing diet; Pro-848 
collagen Iα1 released in the culture media in the last 24h of incubation of control and steatotics 849 
PCLS treated with TGFβ1; Data are expressed as means (± SEM); p-value assessed by Mann-850 
Whitney test; *p < 0.05, **p<0.01, ***p<0.001 significantly different from PCLS of the 851 
corresponding diet; n=4 for AMLN, n=3 for CTR AMLN, n=9 for CDAA, n=8 for CTR 852 
CDAA, pro-collagen Iα1: n=5 for CDAA and CTR CDAA and n=4 for AMLN and CTR 853 
AMLN.  . 854 
 855 
Fig. 6 – The effect of elafibranor in steatotic and control CDAA PCLS. mRNA expression 856 
levels of (A) fibrosis, (B) inflammation, (C) fat metabolism related markers after 48h 857 
elafibranor treatment (0.2 or 1 μM); fold induction is relative to cPCLS prior culture (0h); Data 858 
are expressed as means (± SEM); p-value assessed by Kruskal-Wallis test (exact p value); *p < 859 
0.05, **p<0.01, ***p<0.001 significantly different from untreated PCLS of the corresponding 860 
diet; n=4 for CTR CDAA and n=5 for CDAA PCLS. 861 
 862 
 863 
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Fig. 7 – The effect of elafibranor on mice on CDAA diet. (A) Serum triglycerides; (B) Liver 864 
to body weight ratios; (C) Hepatic hyp content expressed as μg hyp/mg liver tissue; mRNA 865 
expression levels of (D) fibrosis, inflammation, and (E) fat metabolism related markers; fold 866 
induction is relative to mice on CDAA treated with vehicle; Data are expressed as means (± 867 
SEM), p-value assessed by Mann-Whitney test; *p < 0.05, **p<0.01, ***p<0.001 significantly 868 
different from CDAA vehicle; n=11. 869 
  870 
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Supplementary figures 871 
S1 –Masson’s trichrome staining of representative mouse liver sections from mice on 872 
AMLN and CDAA and their corresponding control diets. 873 Supplemental Material available at 874 URL: https://figshare.com/s/19c5e641d85460ee0b20 875 
DOI: 10.6084/m9.figshare.11310515 876 
 877 
S2 – The mRNA expression levels of fibrosis, inflammation and fat metabolism markers 878 
in mouse PCLS obtained from mice on the control diets for AMLN and CDAA diets.  879 Supplemental Material available at  880 URL: https://figshare.com/s/3d60c81eeb44731879f7 881 
DOI: 10.6084/m9.figshare.8966267 882 
 883 
S3 – Viability of murine PCLS from mice on AMLN and CDAA and their corresponding 884 
control diets. 885 Supplemental Material available at 886 URL: https://figshare.com/s/460965ae3d8f30d95da1 887 
DOI: 10.6084/m9.figshare.8966327 888 
 889 
S4 - The effect of TGFβ1 on the fibrotic area of AMLN and CDAA sPCLS and cPCLS.  890 Supplemental Material available at 891 URL: https://figshare.com/s/04dc920a89b309cdc54a 892 
DOI: 10.6084/m9.figshare.8966330 893 
 894 
S5 - The effect of CDAA diet on fat metabolism in murine livers.  895 Supplemental Material available at 896 URL: https://figshare.com/s/628e714cc0b605875371 897 
DOI: 10.6084/m9.figshare.8966333 898 
 899 
S6 - The effect of elafibranor ex vivo in CDAA s/cPCLS.   900 Supplemental Material available at 901 URL: https://figshare.com/s/e77fc1cd8dec825531c5 902 
DOI: 10.6084/m9.figshare.8966336 903 
 904 
S7 - The effect of elafibranor in vivo in CDAA-fed mice.  905 Supplemental Material available at 906 URL: https://figshare.com/s/23f5c930b9409ff68c15 907 
DOI: 10.6084/m9.figshare.8966339 908 
 909 
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Table 1 – Overview of Sybr Green primers 

 
Name  Forward Reverse 
Hmbs ATGAGGGTGATTCGAGTGGG TTGTCTCCCGTGGTGGACATA 
Col1a1 TGACTGGAAGAGCGGCGAGT ATCCATCGGTCATGCTCTCT 
Serpinh1 AGGTCACCAAGGATGTGGAG CAGCTTCTCCTTCTCGTCGT 
Acta2 ACTACTGCCGAGCGTGAGAT CCAATGAAAGATGGCTGGAA 
Fn1 CGGAGAGAGTGCCCCTACTA CGATATTGGTGAATCGCAGA 
Il1b GCCAAGACAGGTCGCTCAGGG CCCCCACACGTTGACAGCTAGG 
Il6 TGATGCTGGTGACAACCACGGC TAAGCCTCCGACTTGTGAAGTGGTA 
Tnf CTGTAGCCCACGTCGTAGC TTGAGATCCATGCCGTTG 
Fasn CTGCGGAAACTTCAGGAAATG GGTTCGGAATGCTATCCAGG 
Acaca GCGTCGGGTAGATCCAGTT CTCAGTGGGGCTTAGCTCTG 
Acox ATGCCTTTGTTGTCCCTATC CCATCTTCAGGTAGCCATTATC 
Cpt1a TCCACCCTGAGGCATCTATT ATGACCTCCTGGCATTCTCC 
Ppara CACGCATGTGAAGGCTGTAA GCTCCGATCACACTTGTCG 
Cyp4a GCTAGCTCCTTGGATTGGGTA AGGGTTTCAGAATGTCATAGTGG 
Acadm AGTACCCTGTGGAGAAGCTGAT    TCAATGTGCTCACGAGCTATG 
Hmgcs2 CTGTGGCAATGCTGATCG     TCCATGTGAGTTCCCCTCA 
Cd36 TTGAAAAGTCTCGGACATTGAG TCAGATCCGAACACAGCGTA 
Fabp1 CCATGACTGGGGAAAAAGTC GCCTTTGAAAGTTGTCACCAT 
Me1 CAGAGGCCCTGAGTATGACG CCGATTGGCAAAATCTTCAA 
Scd1 TTCCCTCCTGCAAGCTCTAC CAGAGCGCTGGTCATGTAGT 
Apoa2 CAGCACAGAATCGCACTGTT TCCGTCTGCCTGTCTCTTAAC 
Apoa5 GCCAAAACAGTTGGAGCAA GAAGCTGCCTTTCAGGTTCTC 
Angptl4 GGGACCTTAACTGTGCCAAG GAATGGCTACAGGTACCAAACC 
Pdk4 CGCTTAGTGAACACTCCTTCG CTTCTGGGCTCTTCTCATGG 
Pex11a TTCATCCGAGTCGCCAAC CATGCATGCGTGCTGAGT 
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