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Abstract
Background & Aims: Patients with non-alcoholic fatty liver disease (NAFLD) have 
impaired liver regeneration. Liver endothelial cells play a key role in liver regenera-
tion. In non-alcoholic steatohepatitis (NASH), liver endothelial cells display a defect 
in autophagy, contributing to NASH progression. We aimed to determine the role of 
endothelial autophagy in liver regeneration following liver resection in NAFLD.
Methods: First, we assessed autophagy in primary endothelial cells from wild type 
mice fed a high fat diet and subjected to partial hepatectomy. Then, we assessed liver 
regeneration after partial hepatectomy in mice deficient (Atg5lox/lox;VE-cadherin-Cre+) 
or not (Atg5lox/lox) in endothelial autophagy and fed a high fat diet. The role of endothe-
lial autophagy in liver regeneration was also assessed in ApoE−/− hypercholesterolemic 
mice and in mice with NASH induced by methionine- and choline-deficient diet.
Results: First, autophagy (LC3II/protein) was strongly increased in liver endothelial 
cells following hepatectomy. Then, we observed at 40 and 48 h and at 7 days after par-
tial hepatectomy, that Atg5lox/lox;VE-cadherin-Cre+ mice fed a high fat diet had similar 
liver weight, plasma AST, ALT and albumin concentration, and liver protein expression 
of proliferation (PCNA), cell-cycle (Cyclin D1, BrdU incorporation, phospho-Histone 
H3) and apoptosis markers (cleaved Caspase-3) as Atg5lox/lox mice fed a high fat diet. 
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1  |  INTRODUC TION

The worldwide increase in the prevalence of obesity and diabetes 
has led to a considerable prevalence of non-alcoholic fatty liver 
disease (NAFLD).1,2 Patients with NAFLD have an increased risk 
for liver tumours including primary liver tumours (hepatocellular 
adenoma, hepatocellular carcinoma) and extrahepatic cancers 
leading to liver metastasis so that these patients can require liver 
surgery.3 Yet, patients with NAFLD undergoing hepatic resection 
have impaired liver regeneration and are at increased risk for 
perioperative complications and mortality.4

Liver regeneration is a multistep and multicellular process in-
cluding a priming phase leading to hepatocyte proliferation, fol-
lowed by the return of hepatocytes to quiescence.5,6 In addition to 
hepatocytes, liver sinusoidal endothelial cells (LSECs) play a key role 
in liver regeneration through a dynamic regulation of the balance 
between hepatocyte proliferation (the so-called inductive angiogen-
esis phase) and subsequent vascular proliferation (during the prolif-
erative angiogenesis phase, in which LSEC proliferate themselves).7 
Briefly, LSECs sense the major changes in shear stress resulting from 
liver resection, proliferate, and orchestrate the harmonious regen-
eration of the different liver cell types by interacting with sinusoidal 
progenitor cells, platelets and inflammatory cells.8–10 LSECs undergo 
morphological and functional alterations in NAFLD.11 Whether 
these LSECs' changes contribute to impaired liver regeneration in 
NAFLD is unknown.

Autophagy is a self-eating catabolic process playing a major 
role in cell and organ homeostasis.12 Dysregulated autophagy 
is observed in an expanding list of diseases including NAFLD.13 
Importantly, autophagy in hepatocytes is required for liver regener-
ation after partial hepatectomy.14–16 The specific role of LSECs' au-
tophagy in liver regeneration is unknown, particularly in the setting 
of NAFLD. Still, it can be suspected given the involvement of auto-
phagy in the response of endothelial cells of large arteries to shear 
stress.17 Moreover, we recently reported that autophagy is defective 
in LSECs in NASH.18 This defect in endothelial autophagy contrib-
utes to liver inflammation and fibrosis.18,19 Altogether, this prompted 
us to assess the role of endothelial autophagy in liver regeneration 
following liver resection in mice with NAFLD.

2  |  MATERIAL S AND METHODS

2.1  |  Animal models

All mice were on a C57BL/6 background (male and female) and 
were housed on a 12 h light/dark cycle with ad libitum access to 
food and water. All animals received humane care according to the 
criteria outlined in the “Guide for the Care and Use of Laboratory 
Animals” prepared by the National Academy of Sciences and pub-
lished by the National Institutes of Health (NIH publication 86-23 
revised 1985). All experiments were conducted in accordance with 
the European Community guidelines for the care and use of labo-
ratory animals. Animal studies were approved by the institutional 
ethics committee and authorized by the French education and re-
search ministry (# 12943-2017070617179577). Mice constitutively 
deficient in endothelial autophagy17,18 were obtained by crossing 
VE-cadherin-Cre+ transgenic mice with Atg5lox/lox mice. Mice were 
fed a high fat diet (Safe U8220 version 16) containing 1.25% of 
cholesterol and 15% of cocoa butter (45% Kcal derived from lipids) 
for 16 weeks and then subjected to a 2/3 partial hepatectomy20 (re-
moval of 70% of liver parenchyma), and euthanized 40 h, or 48 h, or 
7 days after surgery to assess liver regeneration. All mice received 
a single intraperitoneal injection of 5-bromo-2′-deoxyuridine 
(BrdU, 50 mg/kg, Roche 11299964001) 2 h before euthanasia. To 
investigate the role of endothelial autophagy in liver regenera-
tion in mice with features of the metabolic syndrome, Atg5lox/lox-
VE-cadherin-Cre+ and Atg5lox/lox were crossed with ApoE−/− mice 

Same results were obtained in ApoE−/− and methionine- and choline-deficient diet fed 
mice, 40 h after hepatectomy.
Conclusion: These results demonstrate that the defect in endothelial autophagy oc-
curring in NASH does not account for the impaired liver regeneration occurring in this 
setting.

K E Y W O R D S
autophagy, hepatectomy, liver regeneration, LSECs, NAFLD

Key points

Liver sinusoidal endothelial cells (LSECs) are master regula
tors of liver regeneration. Patients with non-alcoholic fatty 
liver disease (NAFLD) have impaired liver regeneration fol-
lowing hepatectomy. This study demonstrates that LSEC 
autophagy is not involved in the liver regeneration process 
in the NAFLD setting.
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(ApoE−/−-Atg5lox/lox vs. ApoE−/−-Atg5lox/lox-VE-cadherin-Cre+).17 Mice 
were subjected to a 55% partial hepatectomy and euthanized 40 h 
after surgery. To investigate the role of endothelial autophagy in 
liver regeneration in mice with early NASH, Atg5lox/lox-VE-cadherin-
Cre+ and Atg5lox/lox mice were fed a methionine- and choline-
deficient diet (ssniff TD.90262) for 3 weeks.21 Mice were subjected 
to a 55% partial hepatectomy and euthanized 40 h after surgery. At 
the end of each protocol, blood was collected from inferior vena 
cava under isofluorane anaesthesia. Animals were then perfused 
with 10 mL of saline and livers were harvested. One part of the liver 
was fixed in 10% formalin for histology and the remaining tissue 
was immediately snap frozen and stored at −80°C until processing 
for western blot and qPCR experiments.

2.2  |  Primary LSECs isolation

In order to assess the kinetic of autophagy in LSECs following partial 
hepatectomy in mice with NAFLD, male and female C57BL/6 mice 
were fed a high fat diet (Safe U8220 version 16) for 16 weeks and 
then subjected to a 2/3 partial hepatectomy. Primary liver endothelial 
cells were then isolated from mice before surgery (sham mice, time 0), 
and 24, 48 and 96 h after the surgery. Briefly, livers of anaesthetised 
mice were harvested and dissociated using mouse liver dissociation 
kit (Miltenyi Biotec 130-105-807) with a gentleMACS™ Dissociator 
(Miltenyi Biotec) according to manufacturer's instructions. 
Hepatocytes were eliminated by centrifugation (60 g for 5 min). 
LSECs were selected using MACS CD146 Microbead (Miltenyi 
Biotec 130-092-007) according to manufacturer's instructions and 
immediately lyzed in RIPA buffer for western blot experiments as 
described below.

2.3  |  Plasma preparation and biochemical 
measurements

Detailed methods are described in supplementary material and 
methods.

2.4  |  Western blot

About 50 mg of frozen liver tissues were homogenized in 650 μL 
RIPA buffer containing 150 mmol/L NaCl, 50 mmol/L TrisHCl, pH 7.4, 
2 mmol/L EDTA, 0.5% sodium deoxycholate, 0.2% sodium dodecyl 
sulfate, 2 mmol/L activated orthovanadate, complete protease and 
phosphatase inhibitor cocktail tablets (Roche). Homogenates were 
incubated at 4°C for 45 min. LSECs were lyzed in 50 μL of RIPA buffer. 
Lysates from liver samples and LSECs were sonicated (15 s, 40 watts, 
Vibra Cell, Bioblock) and then centrifuged at 12 000 g for 5 min. 
Supernatants were collected, and protein content was quantified 

using Lowry protein assay (Bio-Rad). Lysates were mixed with the 
reducing sample buffer for electrophoresis and transferred onto 
nitrocellulose membrane. Equal loading was checked using Ponceau 
red solution. Membranes were incubated with primary antibodies 
(cleaved Caspase-3, CST-9662; Cyclin D1, CST-2978; LC3B, CST-
2775; p62 (Abcam ab56416); PCNA, CST-2586; phospho-Histone 
H3, CST-3377; GAPDH, Merck Millipore MAB374). After secondary 
antibody incubation, immunodetection was performed using an 
enhanced chemiluminescence kit (Immun-Star Western C kit, Bio-
Rad). Bands were revealed using LAS-4000 imaging system. Values 
reported were obtained by band density analysis using Image Gauge 
software (Fujifilm) and expressed as the ratio of protein of interest 
and GAPDH for liver samples, and as the ratio of protein of interest 
and on total loaded proteins (ponceau) for LSECs.

2.5  |  Histopathology

Liver samples were fixed in 10% formalin for 48 h and embedded in 
paraffin with an automated carousel processor for dehydration, and 
paraffin embedding (Leica). 3 μm thickness sections were made and 
stained with Haematoxylin and Eosin, Sirius red, or with anti-BrdU 
antibody (Roche BrdU Labeling and Detection Kit 11299964001) 
using an automated immunohistochemical stainer (Ventana 
Benchmark®) according to the manufacturers' instructions. 
Steatosis and inflammation were scored on Haematoxylin and Eosin 
stained slides and fibrosis on Sirius red stained slides according to 
SAF score.22 Vascular proliferation was scored on Haematoxylin and 
Eosin stained slides using the following scoring system: 0: no vascular 
proliferation; 1: mild vascular proliferation; 2: moderate vascular 
proliferation; 3: severe vascular proliferation. Immunostained 
slides were digitized (Scanscope AT turbo®, Leica), and quantitative 
analyses of BrdU positive hepatocytes' nuclei were performed in 
a blinded manner in at least 12 fields at a magnification of 100x 
using ImageJ software. Results are expressed as the percentage 
of hepatocytes' positive nuclei relative to the total number of 
hepatocytes nuclei.

2.6  |  RNA extraction and quantitative polymerase 
chain reaction (qPCR)

Detailed methods are described in supplementary material and 
methods.

2.7  |  Acquisition and image analysis of liver blood 
vessels by X-ray micro-CT

Detailed methods are described in supplementary material and 
methods.
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2.8  |  Vascular Corrosion Casting

Detailed methods are described in supplementary material and 
methods.

2.9  |  Statistical analysis

Data are expressed as median ± IQR. Comparisons were performed 
using the Mann–Whitney U-test. All tests were two-sided and 

F I G U R E  1  Autophagy in LSECs is induced following partial hepatectomy in mice with NAFLD. C57BL/6 mice were fed to a high fat diet 
for 16 weeks and then subjected to a 2/3 partial hepatectomy. Mice were euthanized before surgery (sham mice, H0, n = 9) and 24 (n = 9), 
48 (n = 7), and 96 h (n = 6) after surgery. (A) LC3B and (B) p62 protein expression was assessed by western blot in isolated LSECs at indicated 
time points. Data are expressed as median ± IQR. **p < .01; ****p < .0001 (Mann–Whitney U-test) vs. H0. NAFLD, non-alcoholic fatty liver 
disease.
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F I G U R E  2  Endothelial autophagy does not modulate early steps of liver regeneration 40 h following partial hepatectomy in mice with 
NAFLD. Atg5lox/lox (n = 9) and Atg5lox/lox;VE-cadherin-Cre+ (n = 8) mice were fed a high fat diet for 16 weeks and then subjected to a 2/3 partial 
hepatectomy. Mice were euthanized 40 h after surgery. 2 h before euthanasia, mice received a single intraperitoneal injection of BrdU 
(50 mg/kg). All mice were on a C57BL/6 background. (A) Liver weight/body weight ratio. (B) Western blot analysis of PCNA, (C) Cyclin D1 
(G1/S phases). (D) Immunohistochemical quantification of the percentage of BrdU positive hepatocytes' nuclei (S phase). (E) Western blot 
analysis of phospho-Histone H3 (G2/M phases) and (F) cleaved Caspase-3 expression in the liver. Data are expressed as median ± IQR. ns, 
not significant (Mann–Whitney U-test) vs. Atg5lox/lox. NAFLD, non-alcoholic fatty liver disease; PCNA, proliferating cell nuclear antigen.
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a significance level of 0.05 was used. All statistical analyses and  
figures were performed using GraphPad Prism 9 software for 
Windows 11.

3  |  RESULTS

3.1  |  Autophagy is activated in LSECs following 
partial hepatectomy in mice with NAFLD

We first aimed to evaluate the normal kinetic of autophagy in LSECs 
during the inductive angiogenesis and the proliferative angiogen-
esis phases of liver regeneration that follows partial hepatectomy. 
C57BL/6 mice were fed a high fat diet for 16 weeks and subjected 
to 2/3 partial hepatectomy. We then isolated LSECs from mice ei-
ther before surgery (sham mice, time point H0) and from mice 24, 
48, and 96 h following partial hepatectomy. Compared to time point 
H0, LC3-II protein expression was significantly higher in LSECs dur-
ing the inductive angiogenesis phase (24 and 48 h following partial 
hepatectomy), and during the proliferative angiogenesis phase (96 h 
following partial hepatectomy) than before surgery (Figure 1). At the 
same time-points, p62 protein expression was not modulated fol-
lowing partial hepatectomy, suggesting an induction, rather than a 
blockage, of LSEC autophagy during the liver regeneration process.

3.2  |  Autophagy deficiency in LSECs does not alter 
early steps of liver regeneration in mice with NAFLD 
induced by high fat diet

To assess the role of autophagy in LSECs in liver regeneration after 
partial hepatectomy in the setting of NAFLD, we fed Atg5lox/lox;VE-
cadherin-Cre+ mice, i.e. mice deficient in endothelial autophagy, 
and Atg5lox/lox, i.e. their littermate controls, a high fat diet for 
16 weeks. We previously showed that LSECs from these animals 
display lower ATG5 and LC3-II/LC3-I ratios than their wild type 
counterparts, attesting a defect in endothelial autophagy.18 We 
extended here our previous description of those animals,18 by ana-
lysing their liver vasculature using liver vascular corrosion cast-
ing, histological scoring of vascular proliferation, as well as X-ray 
micro-CT liver blood vessels characterization. We observed no 
effect of the deficiency in autophagy in LSECs on liver vessels’ 
morphology, on number of blood vessels, or on vascular volume 
(Figure S1).

Then, we submitted these mice to 2/3 partial hepatectomy.15,16,20 
Survival rate 24 and 48 h after 2/3 partial hepatectomy was 90% 
in Atg5lox/lox;VE-cadherin-Cre+ and Atg5lox/lox mice fed a high fat diet 
(data not shown).

We characterized systemic metabolic features as well as liver 
NAFLD related features of those animals, 40 h after surgery. We 
observed no difference in plasma glucose, total cholesterol and 
triglycerides concentrations between Atg5lox/lox and Atg5lox/lox;VE-
cadherin-Cre+ mice (Figure  S2A–C). High levels of AST and ALT 
were detected in the plasma of Atg5lox/lox and Atg5lox/lox;VE-cadherin-
Cre+ mice, due to the combined effects of high fat diet and par-
tial hepatectomy, without any difference between both groups 
(Figure S2G,H). Both genotypes had severe steatosis (Figure S2D,E). 
Liver inflammation and liver fibrosis were not detectable at semi-
quantitative histological examination (Figure S2D,F), but liver gene 
expression of inflammatory genes (Cd68 and Ccl2), and of the marker 
of hepatic stellate cells activation (Acta2), were significantly higher 
in Atg5lox/lox;VE-cadherin-Cre+ mice than in their wild type littermate 
controls (Figure S2J–L).18 At 40 h after surgery, i.e. a time-point rep-
resenting early steps of liver regeneration, liver regeneration was 
similar between Atg5lox/lox;VE-cadherin-Cre+ and Atg5lox/lox mice since 
there was no difference between the two groups in liver weight/
body weight ratio, in liver protein expression of the proliferation 
marker Proliferating Cell Nuclear Antigen (PCNA) and of the G1/S 
cell-cycle phases marker Cyclin D1, no difference in BrdU incorpo-
ration in hepatocytes' nuclei assessed by immunohistochemistry 
(staining of DNA-synthesizing hepatocytes during S-phase), and 
no difference in liver expression of the marker of G2/M cell cycle 
phases phospho-Histone H3 (Figure 2A–E). Deficiency in endothe-
lial autophagy had also no impact on liver apoptosis as assessed by 
cleaved Caspase-3 liver protein expression (Figure 2F).

As the peak of hepatocytes proliferation is expected between 36 
and 48 h following 2/3 partial hepatectomy,23–25 we performed a sec-
ond set 48 h after partial 2/3 hepatectomy. Systemic metabolic fea-
tures, as well as liver NAFLD related features, of those animals were 
similar to those observed 40 h after surgery, except that the difference 
in liver Cd68, Ccl2 and Acta2 gene expression between Atg5lox/lox and 
Atg5lox/lox;VE-cadherin-Cre+ was lost at 48 h after surgery (Figure S3). 
As previously observed at 40 h after partial hepatectomy, liver regen-
eration was similar between Atg5lox/lox;VE-cadherin-Cre+ and Atg5lox/lox 
mice 48 h after partial hepatectomy (Figure 3).

Taken together, these results indicate that endothelial autoph-
agy deficiency does not modulate early steps of liver regeneration 
after partial hepatectomy in mice with NAFLD.

F I G U R E  3  Endothelial autophagy does not modulate early steps of liver regeneration 48 h following partial hepatectomy in mice with 
NAFLD. Atg5lox/lox (n = 15) and Atg5lox/lox;VE-cadherin-Cre+ (n = 13) mice were fed a high fat diet for 16 weeks and then subjected to a 2/3 
partial hepatectomy. Mice were euthanized 48 h after surgery. 2 h before euthanasia, mice received a single intraperitoneal injection of 
BrdU (50 mg/kg). All mice were on a C57BL/6 background. (A) Liver weight/body weight ratio. (B) Western blot analysis of PCNA and (C) 
Cyclin D1 (G1/S phases) expression in the liver. (D) Immunohistochemical quantification of the percentage of BrdU positive hepatocytes' 
nuclei (S phase). (E) Western blot analysis of phospho-Histone H3 (G2/M phases) and (F) cleaved Caspase-3 expression in the liver. Data are 
expressed as median ± IQR. ns, not significant (Mann–Whitney U-test) vs. Atg5lox/lox. The same mice were used in representative panels C, E, 
and F. BrdU, 5-bromo-2′-deoxyuridine; NAFLD, non-alcoholic fatty liver disease; PCNA, proliferating cell nuclear antigen.
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3.3  |  Autophagy deficiency in LSECs does not alter 
early steps of liver regeneration in ApoE-deficient 
mice nor in mice fed a methionine- and 
choline-deficient diet

To broaden in the analysis of the role of LSECs' autophagy in liver re-
generation in the context of metabolic syndrome, we used two com-
plementary mouse models, i.e., ApoE-deficient mice,26 and mice fed a 
methionine- and choline-deficient diet for 3 weeks.21,27 Due to the poor 
survival rate after 2/3 partial hepatectomy in these models within the 
40 h after surgery (data not shown), we performed 55% partial hepatec-
tomy. We compared back-to-back Atg5lox/lox mice of these two models 
with Atg5lox/lox mice fed a high fat diet for 16 weeks and observed they 
were complementary, as ApoE-deficient had high plasma cholesterol 
concentrations, but no liver steatosis nor inflammation, while methio-
nine- and choline-deficient diet fed mice had both steatosis and liver 
inflammation, but no feature of the metabolic syndrome (Figure S4). 
Deficiency in endothelial autophagy had no impact on systemic meta-
bolic features nor on liver NAFLD features in ApoE-deficient mice nor 
in mice fed a methionine- and choline-deficient diet (Figures S5 and 
S6). In both models, liver regeneration was similar between mice defi-
cient or not in endothelial autophagy (Figures S7 and S8).

3.4  |  Autophagy deficiency in LSECs does not alter 
late steps of liver regeneration in mice with NAFLD 
induced by high fat diet

We then investigated whether LSEC autophagy is involved at later 
steps of liver regeneration. At 7 days after 2/3 partial hepatectomy, 
Atg5lox/lox and Atg5lox/lox;VE-cadherin-Cre+ mice fed a high fat diet for 
16 weeks had similar systemic metabolic features and liver NAFLD 
features and similar markers of liver regeneration (Figure S9; Figure 4).

Collectively, these results indicate that endothelial autophagy 
deficiency does not modulate late steps of liver regeneration after 
partial hepatectomy in mice with NAFLD.

4  |  DISCUSSION

NAFLD is associated with a higher risk of liver cancer,3 but also of 
impaired liver regeneration after hepatectomy.4 The specific role 
of LSECs' autophagy in the regulation of liver regeneration was 
unknown. Our study aimed to evaluate the potential implication of 

autophagy in LSECs in liver regeneration following partial hepatec-
tomy, particularly in the setting of NAFLD, given on the one hand 
the importance of this cell type in NAFLD11 and in the regulation of 
liver regeneration,8,10 and on the other hand, the involvement of the 
autophagic process in other liver cell types in liver regeneration.14–16 
However, we observed here that mice with NAFLD lacking au-
tophagy specifically in endothelial cells (Atg5lox/lox;VE-cadherin-
Cre+)17,18 did not exhibit an altered liver regeneration capacity 
following partial hepatectomy in three different mouse models, 
namely the ApoE-deficient hypercholesterolemic mice mimicking 
the metabolic syndrome features preceding NAFLD,26 the high fat 
diet fed mice displaying steatosis and mild liver inflammation,18 
and the methionine- and choline-deficient diet fed mice displaying 
NASH.21,27 While the number of animals used in ApoE−/− and methio-
nine- and choline-deficient diet models was limited (n = 5–6 animals 
per group), the observation that liver regeneration following partial 
hepatectomy was not affected by autophagy deficiency in LSECs 
was consistent across the three models.

The first major finding in this study was that LSEC autophagy 
was strongly induced during the inductive angiogenesis (24–48 h 
following partial hepatectomy) and the proliferative angiogenesis 
(72–96 h following partial hepatectomy) phases of liver regeneration 
in mice with NAFLD. The high shear stress occurring after partial 
hepatectomy might account for this stimulation of LSEC autophagy, 
shear stress being a potent stimulus for endothelial autophagy.17,18

The second major finding of this study was that a defect in auto-
phagy in LSECs did not delay hepatocytes progression through cell 
cycle at two early time points of the liver regeneration process (40 and 
48 h), corresponding to the expected time points at which the peak of 
hepatocytes proliferation occurs in mice.23–25 Endothelial autophagy 
had also no impact at a later time point (7 days after partial hepatec-
tomy), since liver regeneration was completely achieved in control as 
well as in endothelial autophagy deficient mice with NAFLD. Indeed, 
as compared to the early time points (40 and 48 h), higher liver weight/
body weight ratio was observed in both groups 7 days after partial 
hepatectomy, and only scarce BrdU+ hepatocytes could be detected 
at this final time point, suggesting that mice reached the end of the 
liver regeneration process. These results are in line with a previous ob-
servation made by Ruart and colleagues, outside the NAFLD setting,19 
showing that deficiency in endothelial autophagy, i.e. Atg7lox/lox;VE-
cadherin-Cre+ mice, had no impact on liver regeneration following 
acute liver injury induced by carbon tetrachloride injection.

We observed this absence of effect of endothelial autophagy on 
liver regeneration in three complementary mouse models. In one of 

F I G U R E  4  Endothelial autophagy does not modulate late steps of liver regeneration 7 days following partial hepatectomy in mice with 
NAFLD. Atg5lox/lox (n = 6) and Atg5lox/lox;VE-cadherin-Cre+ (n = 9) mice were fed a high fat diet for 16 weeks and then subjected to a 2/3 
partial hepatectomy. Mice were euthanized 7 days after surgery. 2 h before euthanasia, mice received a single intraperitoneal injection of 
BrdU (50 mg/kg). All mice were on a C57BL/6 background. (A) Liver weight/body weight ratio. (B) Western blot analysis of PCNA and (C) 
Cyclin D1 (G1/S phases) expression in the liver. (D) Immunohistochemical quantification of the percentage of BrdU positive hepatocytes' 
nuclei (S phase). (E) Western blot analysis of phospho-Histone H3 (G2/M phases) and (F) cleaved Caspase-3 expression in the liver. Data are 
expressed as median ± IQR. ns, not significant (Mann–Whitney U-test) vs. Atg5lox/lox. The same mice were used in representative panels B and 
C. BrdU, 5-bromo-2′-deoxyuridine; NAFLD, non-alcoholic fatty liver disease; PCNA, proliferating cell nuclear antigen.
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these models (high fat diet, 40 h), liver expression of inflammatory 
(Cd68, Ccl2) and hepatic stellate cells activation (Acta2) markers was 
higher in Atg5lox/lox;VE-cadherin-Cre+ mice than in their wild type coun-
terparts. This suggests that the modulation of hepatocytes' microen-
vironment induced by LSECs' autophagy deficiency in NAFLD18 had 
no impact on liver regeneration. At other time points (48 h and 7 days 
after hepatectomy), there was no effect of endothelial autophagy de-
ficiency on liver inflammation and on hepatic stellate cells activation, 
likely due the high impact of partial hepatectomy on liver immune and 
hepatic stellate cells activation and proliferation that was not yet ob-
servable at the earlier time point (40 h after hepatectomy).28,29

5  |  CONCLUSION

Our results demonstrate that autophagy is strongly induced in 
LSECs following partial hepatectomy in the context of NAFLD, but 
that endothelial autophagy is not required for liver regeneration 
after partial hepatectomy in this setting.
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