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INTRODUCTION 
 

Liver fibrosis is characterized by excessive scar 

formation due to overproduction and deposition of the 

extracellular matrix (ECM) [1]. Hepatic stellate cells 

(HSCs) were identified as the key cellular source of 

extracellular matrix in the liver. Upon acute or chronic 

liver damage, HSCs transdifferentiate from quiescent, 
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ABSTRACT 
 

Bnip3, which is regulated by Hif-1 in cells under oxygen deprivation, is a death related protein associated with 
autophagy and apoptosis. Hif-1 was reported to regulate autophagy to activate hepatic stellate cells (HSCs), 
while the specific molecular mechanism is vague. The possible mechanism of Hif-1 regulating autophagy of 
HSCs via Bnip3 was explored in this study. Bnip3 was detected in fibrotic liver tissues from humans and mice. 
Hif-1 was inhibited by chemical inhibitor and Bnip3 was detected in activated HSCs. The co-localization of Bnip3 
and LC3B was captured by confocal microscopy and autophagic flow was assessed in Bnip3 siRNA transfected 
cells. Bnip3 interacted proteins were screened with mass spectrometry. The interaction of Bnip3 and vimentin 
was detected with co-immunoprecipitation and confocal microscopy. The results showed that Bnip3 was 
increased in fibrotic liver tissues and activated HSCs. Hif-1 inhibition suppressed Bnip3 expression in activated 
HSCs. Bnip3 was partially co-localized with autophagosomes and Bnip3 inhibition suppressed autophagy in 
activated HSCs. Bnip3 interacted with vimentin and Bnip3 expression was inhibited as vimentin was inhibited in 
activated HSCs. Conclusively, this study indicated that Bnip3 promoted autophagy and activation of HSCs, via 
interacting with vimentin, an intermediate filament protein with highly abundant expression in HSCs. 
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lipid droplet-containing cells toward myofibroblast-like 

cells, which were characterized by a decreased number 

of lipid droplets, increased proliferation, increased 

expression of vimentin and α-smooth muscle actin (α-

SMA), enhanced synthesis of ECM [2]. 

 

Autophagy, by which cells degrade and metabolize their 

own constituents, is an evolutionary conserved 

fundamental cellular process. Bilayer membrane 

components in cells encapsulate damaged organelles or 

proteins of cytoplasm, to form vesicles denominated 

autophagosomes. Autophagosomes fuse with lysosomes 

to form autophagolysosomes, which degrade the contents 

to adapt cellular metabolic requirement or remove 

damaged organelles [3–5]. Recent studies have 

determined that, during the activation of HSCs upon liver 

damage, different autophagic mechanisms including 

classical macro-autophagy, mitophagy, lipophagy, and 

multiple organelles including mitochondria, lipid droplets 

and endoplasmic reticulum, are involved [6–9], 

illustrating that HSC activation is a complex 

and sophisticated process, which remains unclear.  

 

At present, many genes involved in autophagy have 

been identified. Among them, Bnip3 (Bcl-2/adenovirus 

E1B 19-kDa interacting protein), was determined to be 

associated with autophagy and apoptosis. Bnip3 belongs 

to the Bcl-2 family and contains a single Bcl-2 

homology domain (BH3). In different kinds of cells, 

Bnip3 is distributed differently, mainly localized in the 

nuclear membrane, mitochondria and endoplasmic 

reticulum [10, 11]. Previous studies reported that Bnip3 

was a pro-apoptotic protein and mediated apoptosis in 

caspase-dependent or caspase-independent manner [11, 

12]. Recently, it was found that Bnip3 is a death-related 

protein with a wide range of biological effects and 

Bnip3 also promotes autophagy through various 

mechanisms in different cells. Bnip3, localized in the 

outer membrane of mitochondria, interacts with LC3 

(microtubule-associated protein light chain 3) to form 

the complex of mitochondrial Bnip3 and LC3, leading 

to the induction of mitophagy [11, 13]. Autophagy-

related protein Beclin-1 also has BH3 region, which 

will be released to induce autophagy, as Bnip3 

competes with Beclin-1 via its BH3 domain to bind 

with Bcl-2 or Bcl-Xl [14, 15]. Bnip3 was reported to 

bind with Rheb, a regulatory protein upstream in mTOR 

(mammalian rapamycin target protein) signaling 

pathway, resulting in the inhibition of mTORC1 and 

induction of autophagy [16]. 

 

Hypoxia inducible factor-1 (Hif-1) is an important 

transcriptional factor that mediates cellular responses to 

hypoxia and stressors like infection and inflammation. It 

is a heterodimer consisting of an α-subunit Hif-1α and β-

subunit Hif-1β. Hif-1α is highly regulated by micro-

environmental oxygenation, whereas Hif-1β is 

constitutively expressed. Our previous researches have 

determined that Hif-1 regulates autophagy to activate 

HSCs [17]. The expression of autophagy related genes in 

hypoxia-stimulated HSCs was analyzed by whole-genome 

expression microarray and a differentially expressed 

autophagy related gene, Bnip3, which was also reported to 

be Hif-1 target gene, was screened out [18]. In this study, 

we used human HSC cell line LX-2 and culture-activated 

primary HSCs from mice as cell models, to further 

explore the possible mechanism of Bnip3 regulating 

autophagy and activation in hepatic stellate cells, thus to 

reveal the detailed mechanism of hepatic fibrosis. 

 

RESULTS 
 

The expression of Bnip3 was increased in fibrotic 

liver tissues from clinical patients and Schistosoma 

japonicum infected mice 

 

Expression of Bnip3 was firstly detected in fibrotic liver 

samples from clinical patients. Compared with non-

fibrotic liver samples (Figure 1A), fibrotic liver tissues 

had obviously higher expression of Bnip3 (Figure 1B, 

1E). Bnip3 was also detected in fibrotic liver tissues of 

mice infected with S. japonicum, which was recognized 

as an animal model of infective fibrosis [17–20]. It was 

shown that Bnip3 increased in fibrotic liver tissue from 

infected mice, as compared with normal liver tissues 

from non-infected mice (Figure 1C, 1D, 1F). From the 

morphological characteristics, it was suggested that 

Bnip3 positive cells were mainly non-parenchymal 

hepatic cells (Figure 1B, 1D). Collectively, Bnip3 was 

increasingly expressed in fibrotic liver tissues. 

 

The activation of hepatic stellate cells induced Bnip3 

expression and its cytoplasmic translocation in vitro 
 

We previously reported that human hepatic stellate cell 

line, LX-2, was activated upon hypoxia or LPS 

stimulation, along with the increase of Hif-1 [17–20]. 

Increased expression of Bnip3 was also confirmed in 

both hypoxia or LPS-stimulated LX-2 cells (Figure 2A). 

In immunofluorescence staining, it was observed that 

Bnip3 was localized in nucleus in non-stimulated 

control LX-2 cells, while in hypoxia and LPS-

stimulated cells, Bnip3 displayed obvious cytoplasmic 

localization (Figure 2B). Consistent results were 

observed in primary HSCs isolated from mice. We have 

previously determined that in in-vitro culture, HSCs 

were naturally activated [19]. The increased expression 

of Bnip3 in activated primary HSCs was also confirmed 

by Western blot, which indicated that Bnip3 

increasingly expressed as the primary HSCs were 

activated in-vitro cultured up to 4 or 6 days, as 

compared with cells cultured up to 2 days (Figure 2C). 
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Nuclear Bnip3 expression was also observed in primary 

HSCs cultured up to day 2, while in cells cultured up to 

day 6, Bnip3 was mainly expressed in cytoplasm 

(Figure 2D). The results all above demonstrated that 

Bnip3 expressed increasingly and translocated from 

nucleus to cytoplasm during HSC activation. 

 

Autophagy occurred when hepatic stellate cells were 

activated, along with increase of Hif-1 

 

We have previously reported that Hif-1 regulates 

autophagy to activate hepatic stellate cells, using LX-2 

cells, human HSC cell line, as the cell model [17]. LC3 

(microtubule-associated protein light chain 3), a 

mammalian homolog of yeast Atg8, is a widely 

recognized protein for monitoring autophagic activity. 

There are three isoforms of LC3 in mammalian cells 

including LC3A, LC3B and LC3C, among which, 

LC3B is a widely used autophagy marker [21]. After 

synthesis, LC3 is cleaved to generate 16-kDa cytosolic 

LC3 and 14-kDa lipidated LC3. 14-kDa lipidated LC3 

is the membrane component involved in formation of 

autophagosomes and autophagolysosomes [22, 23]. In 

this study, formation of autophagosomes indicated by 

LC3B punctate particles and 14-kDa lipidated LC3B 

were used to detect autophagy activity. In LX-2 cells, it 

was observed that CoCl2 or LPS stimulation resulted in 

apparent accumulation of LC3B (Figure 3A), which is 

 

 
 

Figure 1. The expression of Bnip3 was increased in fibrotic liver tissues from clinical patients and Schistosoma japonicum 
infected mice. Expression of Bnip3 was identified in liver biopsy specimens from clinical patients, and mice infected with S. japonicum by 
immunohistochemistry. (A, B) Human samples from liver fibrosis were collected for Bnip3 detection by immunohistochemistry and liver 
samples of para-hemangioma from patients, were used as negative control. (A) Liver samples of para-hemangioma from patients (n=8). (B) 
Fibrotic liver samples from patients (n=8). Scale bar, 20 μm. (C, D) BALB/c female mice, 6–8 weeks old, were percutaneously infected with 25 
cercariae of Schistosoma japonicum through the shaved abdomen, sacrificed at 8 weeks post-infection, and samples of liver were collected. 
(C) Non-infected liver samples from mice (n=4) and (D) fibrotic liver samples from S. japonicum infected mice (n=4). Scale bar, 20 μm. 
Representative images were shown. Positive cells were counted and the scores were multiplied with staining intensity. Products were 
introduced into SPSS 19.0 to analyze statistical difference of Bnip3 expression in normal liver tissues and fibrotic liver tissues. (E) Bnip3 in liver 
tissues from patients; (F) Bnip3 in liver tissues from S. japonicum infected mice. **P < 0.01. 
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consistent with our previous study [17]. Molecular 

markers of autophagy, including LC3B punctate particles 

(Figure 3B) and 14-kDa lipidated LC3B (Figure 3C) 

were respectively detected with confocal microscopy and 

Western blot in primary HSCs. Expression of Hif-1α, α-

SMA, molecular marker of HSC activation, was also 

detected (Figure 3C). As the primary HSCs were cultured 

in vitro, with the extending of in-vitro culture time, 

increase of α-SMA indicated the activation of primary 

HSCs and increase of Hif-1α demonstrated the activation 

of Hif-1 signaling cascade in primary HSCs (Figure 3C). 

Increase of 14-kDa lipidated LC3B and accumulation of 

LC3B punctate particles in primary HSCs cultured in 

vitro up to day 6, indicated that autophagic degradation 

enhanced along with the activation of primary HSCs 

(Figure 3B, 3C). Bnip3 was previously reported to be 

associated with both autophagy and apoptosis. Apoptosis 

was detected in hypoxia/LPS-stimulated LX-2 cells and 

the results indicated that apoptosis did not occur in our 

in-vitro culture system (Supplementary Figure 1). The 

above results demonstrated the enhanced autophagy in 

activated HSCs, with the activation of Hif-1 signaling.  

 

Inhibition of Hif-1α suppressed the increased 

expression of Bnip3 in hepatic stellate cells 

 

Bnip3 was previously reported to be regulated by Hif-1 

in cells upon hypoxia [24], however, the relationship 

between Hif-1 and Bnip3 was still unclear in hepatic 

stellate cells. YC-1, chemical inhibitor of Hif-1α, was 

used to inhibit Hif-1α expression. In primary HSCs, as 

Hif-1α expression was efficiently inhibited by YC-1, 

 

 
 

Figure 2. The activation of hepatic stellate cells induced Bnip3 expression and its cytoplasmic translocation in vitro. LX-2 cells 
were treated with 100 μM CoCl2 or 2 μg/ml LPS for 8 h. (A) Cells were collected at indicated time and cell lysates were subjected to detect 
Bnip3 with Western blot. Densitometric analysis for Western blot was performed and data were expressed as mean ± SD, *P < 0.05. (B) 
Immunofluorescence assay was performed to detect Bnip3 (Cy3) in CoCl2- or LPS-treated LX-2 cells. Culture-activated primary HSCs from mice 
were cultured up to 2 days, 4 days or 6 days. (C) Cells were collected at indicated time and cell lysates were subjected to detect Bnip3 with 
Western blot. Densitometric analysis for Western blot was performed and data were expressed as mean ± SD, *P < 0.05, **P < 0.01.  (D) 
Immunofluorescence assay was performed to detect Bnip3 (Cy3) and images were captured by confocal microscope.  
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Bnip3 expression was suppressed in in-vitro cultured 

and activated primary HSCs (Figure 4A, 4B). Similar 

results were observed in LX-2 cells. LX-2 cells were 

pretreated with YC-1 and then stimulated with CoCl2 or 

LPS. The results from Western blot (Figure 4C) and 

immunofluorescence staining (Figure 4D) showed that 

the inhibition of Hif-1 expression led to the suppress of 

Bnip3 in hypoxia or LPS activated LX-2 cells. 

Collectively, these results indicated that Bnip3 

expression was regulated by Hif-1 during the activation 

of hepatic stellate cells.  

 

Bnip3 was partially co-localized with 

autophagosomes in activated HSCs and inhibition of 

Bnip3 led to the blockage of the autophagic flow and 

activation of HSCs 
 

Bnip3 and LC3B were co-stained to observe whether 

Bnip3 was co-localized with autophagosomes in 

activated HSCs. It was shown that in both hypoxia/LPS-

stimulated LX-2 cells (Figure 5A) and culture-activated 

primary HSCs from mice (Figure 5B), Bnip3 was 

partially co-localized with LC3B punctate particles. 

Autophagic flux was further detected in primary HSCs 

transfected with Bnip3 siRNA. Primary cells were 

firstly transfected with Bnip3 siRNA at day 2 and GFP-

RFP-LC3B plasmid was transfected 24h later. Cells 

were further cultured until day 6 and formation of 

autophagosomes was observed. In control cells 

transfected with non-specific siRNA, punctate particles 

of both GFP-LC3B (autophagosomes) and RFP-LC3B 

(autophagolysosomes) were formed, when merged, non-

degraded autophagic bodies (yellow dots) and degraded 

autophagic bodies (red dots) were clearly visible, which 

indicated the functional autophagy in control cells 

(Figure 5C). However, in Bnip3 interfered primary 

HSCs, signals of both GFP-LC3B (autophagosomes) 

and RFP-LC3B (autophagolysosomes) were attenuated. 

 

 
 

Figure 3. Autophagy occurred when hepatic stellate cells were activated. (A) LX-2 cells were treated with 100 μM CoCl2 or 2 μg/ml 
LPS for 8 h. (B) Culture-activated primary HSCs from mice were cultured up to 2 days or 6 days. Immunofluorescence assay was performed to 
detect LC3B (FITC) in CoCl2- or LPS-treated LX-2 cells (A) and culture-activated primary HSCs from mice cultured up to 2 days or 6 days (B). 
Images were captured by confocal microscope. (C) Culture-activated primary HSCs from mice were cultured up to 2 days, 4 days or 6 days. 
Cells were collected at indicated time and cell lysates were subjected to detect Hif-1α, α-SMA and LC3B with Western blot. Densitometric 
analysis for Western blot was performed and data were expressed as mean ± SD, *P < 0.05, ***P < 0.001.  
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Especially, the signals of RFP-LC3B (auto-

phagolysosomes) were obviously weaker than the  

signals of GFP-LC3B (autophagosomes) (Figure 5C), 

which indicated the blockage of autophagic flow due to 

Bnip3 interference.  

 

Molecular marker of HSC activation, α-SMA, was 

detected in CoCl2/LPS-stimulated LX-2 cells 

(Supplementary Figure 2A, 2B) and primary HSCs 

(Supplementary Figure 2C) transfected with Bnip3-

specific siRNA. It was shown that Bnip3 interference 

inhibited increase of Bnip3 and α-SMA. Collectively, 

the results above demonstrated that Bnip3 played an 

important role in the autophagy and activation of HSCs.  

 

Bnip3 interacted with vimentin in activated hepatic 

stellate cells 
 

Proteins interacted with Bnip3 were further screened 

in hypoxia-stimulated LX-2 cells with mass 

spectrometry (Supplementary Tables 1, 2). It was 

reported from mass spectrometry that Bnip3  

might have interaction with a kind of intermediate 

filament (IF) protein, vimentin, which has highly 

abundant expression in HSCs [25]. Antibody specific 

to Bnip3 was used as the bait to detect vimentin with 

co-immunoprecipitation and the interaction of Bnip3 

and vimentin was confirmed in both hypoxia/ 

LPS stimulated LX-2 cells and culture-activated 

primary HSCs (Figure 6A). As vimentin has multiple 

phosphorylation sites at serine residues, 

phosphorylated vimentin at serine residue 56, serine 

residue 72, serine residue 82 and serine residue 38, 

was also detected in Bnip3 interacted complex. In 

hypoxia/LPS stimulated LX-2 cells, as compared with 

control cells, phosphorylations at serine residue 72 and 

82 were enhanced, while phosphorylations at serine 

residue 56 and 38 were reduced (Figure 6A). In 

primary HSCs cultured up to day 6, as compared with 

cells cultured up to day 2, phosphorylation at serine 

residue 72 was enhanced, phosphorylations at serine 

residue 56 and 38 were reduced, while phosphory-

lation at serine residue 82 showed no change (Figure 

6A). Apparent co-localization of Bnip3 and vimentin 

was captured by confocal microscopy in both 

hypoxia/LPS stimulated LX-2 cells (Figure 6B) and 

primary HSCs cultured up to day 6 (Figure 6C). 

Withaferin A, a chemical inhibitor targeting vimentin 

[26], which induces aggregation and fragmentation of 

vimentin, was used to inhibit vimentin activity in LX-2 

 

 
 

Figure 4. Inhibition of Hif-1 suppressed increased expression of Bnip3 in activated hepatic stellate cells. Culture-activated 
primary HSCs from mice were cultured up to 2 days, 4 days or 6 days and Hif-1 chemical inhibitor YC-1 (50 μM) was added as cells were 
cultivated to 2 days. (A) Cell lysates were subjected to detect Hif-1α and Bnip3 with Western blot. Densitometric analysis was performed and 
data were expressed as mean ± SD, *P < 0.05, **P < 0.01, ***P < 0.001. (B) Immunofluorescence assay was performed to detect Bnip3 (Cy3) 
by confocal microscopy. (C) LX-2 cells were stimulated by 100 μM CoCl2 or 2 μg/ml LPS either alone or after YC-1 pre-treatment (50 μM). Cell 
lysates were subjected to detect Hif-1α and Bnip3 with Western blot. Densitometric analysis was performed and data were expressed as 
mean ± SD, *P < 0.05, **P < 0.01, ***P < 0.001. (D) Immunofluorescence assay was performed to detect Bnip3 (Cy3) by confocal microscopy.  
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cells. It was shown that inhibition of vimentin re-

organization with Withaferin A inhibited increased 

expression of Bnip3 in activated LX-2 cells. 

Autophagy marker LC3B was also detected and 14-

kDa lipidated LC3B was inhibited with Withaferin A 

treatment in LX-2 cells (Supplementary Figure 3). 

Collectively, the above results demonstrated that in 

activated HSCs, Bnip3 regulated the autophagy and 

activation of HSCs, possibly via interacting with 

vimentin, a kind of IF protein with highly abundant 

expression in HSCs. 

 

DISCUSSION 
 

Activation of hepatic stellate cells is the key mechanism 

during the development of liver fibrosis. We have 

previously determined that Hif-1, hypoxia inducible 

factor-1, affects the activation of hepatic stellate cells by 

regulating autophagy [17, 18, 20]. The expression of 

autophagy related genes was analyzed by whole 

genome expression chip in LX-2 cells stimulated by 

chemical hypoxia and Bnip3, which is a multifunctional 

protein involved in regulating apoptosis and autophagy, 

was screened out [18].  

 

Hif-1 is an important regulator mediating cellular 

responses to hypoxia and stressors like infection and 

inflammation [27]. LPS, lipopolysaccharide, which is a 

component of the cell wall of Gram-negative bacteria, 

can reach the liver through the portal vein circulation, 

leading to the liver inflammation. LPS/TLR4 pathway 

in HSCs is related to the development of liver fibrosis, 

 

 
 

Figure 5. Bnip3 was partially co-localized with autophagosomes in activated HSCs and inhibition of Bnip3 led to the blockage 
of the autophagic flow. LX-2 cells were treated with 100 μM CoCl2 or 2 μg/ml LPS for 8 h. Culture-activated primary HSCs from mice were 
cultured up to 2 days or 6 days. Immunofluorescence assay was performed to detect Bnip3 (Cy3) and LC3B (FITC) in LX-2 cells (A) and culture-
activated primary HSCs from mice (B) by confocal microscopy. (C) Primary HSCs were isolated from mice and seeded in coverslips. Cells were 
transfected with specific siRNA targeting Bnip3 as cells were cultivated up to day 2 and GFP-RFP-LC3B plasmid was transfected into cells 24h 
later. Cells were fixed at day 6 and images were captured by confocal microscope to observe the formation of autophagosomes. 
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which regulates the expression of pro-inflammatory 

cytokines and controls cell survival [28, 29]. In both our 

previous work [17–19] and current work, we 

determined that LPS stimulation induced increased 

expression of Hif-1 and Hif-1 also increasingly 

expressed in activated primary HSCs from mice, which 

indicated an important regulatory role of Hif-1 in HSC 

activation. As a transcriptional regulator, Hif-1 enters 

into the nucleus to affect the expression of a series of its 

target genes, including Bnip3, encoding Bcl-

2/adenovirus E1B 19-kDa protein interacting protein 

[30, 31]. Bnip3 is a typical hypoxia responsive gene and 

its promoter region contains 2 or 3 HREs in different 

species including rat, mice and humans [24]. In this 

work, it was observed that during HSC activation, the 

expression of Hif-1α and Bnip3 was increased, while 

the expression of Bnip3 was inhibited in the activated 

cells, as Hif-1 was inhibited, which suggested that the 

expression of Bnip3 was regulated by Hif-1 in HSC 

activation. 

It has been reported that Bnip3 regulates autophagy 

through a variety of mechanisms in different cells, 

including mechanisms of mitophagy, dissociation of 

Beclin-1 from Bcl-2, or interaction with upstream 

regulatory protein Rheb in mTOR signal pathway [13–

16]. Proteins interacted with Bnip3 in HSCs were 

analyzed with mass spectrum and the possible 

interaction of Bnip3 and vimentin, the major 

intermediate filament protein in HSCs was predicted. 

The intermediate filament (IF) proteins are cytoskeletal 

proteins that form 10-nm filaments in cells, which 

comprise the cytoskeleton, along with microtubules and 

actin microfilaments, and provide the cells with shape 

and structural integrity. The main IF proteins existing in 

HSCs are class III IF proteins, including desmin, GFAP 

(glial fibrillary acidic protein) and vimentin. It was 

reported that expression of desmin and vimentin 

increased during HSC activation, while GFAP was 

down-regulated during HSC transdifferentiation [25]. 

Increase of vimentin is a marker for HSC activation and 

 

 
 

Figure 6. Bnip3 interacted with vimentin in activated hepatic stellate cells. LX-2 cells were treated with 100 μM CoCl2 or 2 μg/ml 
LPS for 8 h. Culture-activated primary HSCs from mice were cultured up to 2 days or 6 days. (A) 300μg cell lysates of LX-2 cells and 150μg cell 
lysates of primary HSCs from mice were collected and immunoprecipitated with anti-Bnip3, followed by immunoblotting with anti-vimentin, 
anti-phosphorylated vimentin S56, S72, S82 and S38. (B, C) Immunofluorescence assay was performed to detect Bnip3 (Cy3) and vimentin 
(FITC) in LX-2 cells (B) and culture-activated primary HSCs from mice (C) by confocal microscopy. 
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assembly of large number of IF bundles during HSC 

transdifferentiation requires vimentin [25]. Recently, it 

was reported that vimentin was involved in regulation 

of autophagosome and lysosome trafficking [32].  

 

The phosphorylation modification of multiple serine 

residues of vimentin was further confirmed in Bnip3-

vimentin complex. In hypoxia/LPS stimulated LX-2 

cells and activated primary HSCs from mice, 

phosphorylation modification of the main serine 

residues of vimentin, including serine residue 72, 56, 38, 

was consistent, while phosphorylation at serine residue 

82 was not consistent. Vimentin has a highly complex 

phosphorylation pattern with different sites and cellular 

status [33]. In this study, the mechanism and function of 

phosphorylation at different serine residues of vimentin 

in Bnip3-vimentin complex were not well defined, 

however, this result further confirmed that Bnip3 

interacted with vimentin in activated HSCs.     

 

The function of cytoskeletal proteins in autophagy has 

been recognized for a long time, while the detailed 

mechanisms about their cooperative effect are still 

puzzling. It was reported that vimentin plays a 

physiological role in autophagosome and lysosome 

positioning, through regulating the activity of mTORC1 

[32]. In this study, it was observed that in activated 

HSCs, Bnip3 was partially co-localized with LC3B, but 

the two molecules did not overlap completely. Bnip3 is 

a multifunctional protein in cells, which is located in 

different sub-cellular structures such as the outer 

membrane of mitochondria, endoplasmic reticulum and 

nuclear membrane. The partial co-localization of Bnip3 

with LC3B and the involvement of Bnip3 in HSC 

autophagy and activation, suggested us that cellular 

distribution of Bnip3 in HSCs, including localization in 

mitochondria, lipid droplets, endoplasmic reticulum or 

nucleus, should be firstly clarified in the future work. 

Based on that, we supposed that Bnip3 interacted with 

vimentin to re-position Bnip3-anchored organelles, to 

promote autophagy of HSCs.  

 

Nuclear expression of Bnip3 was determined in tumors 

or some diseases [34–36]. It was suggested that nuclear 

Bnip3 acts as the transcriptional regulator and binds 

with promoters of various genes related with cell 

survival or cell death. When Bnip3 translocates from 

nucleus to cytoplasm, Bnip3 associates with organelles 

such as mitochondria and endoplasmic reticulum, to 

promote apoptosis or autophagy [34–36]. In our study, 

localization of Bnip3 in nucleus was also observed in 

quiescent HSCs, including non-stimulating LX-2 cells 

and quiescent primary HSCs. As HSCs were activated, 

Bnip3 expressed increasingly and translocated from 

nucleus to cytoplasm. A chemical inhibitor targeting 

vimentin, Withaferin A, which induces aggregation and 

fragmentation of vimentin [26], was used to inhibit 

vimentin activity in LX-2 cells. It was shown that 

inhibition of vimentin re-organization with Withaferin 

A inhibited increased expression of Bnip3 in activated 

LX-2 cells, which indicated that activities of vimentin is 

indispensable to Bnip3 expression in activated HSCs 

and also mechanisms regulated by Bnip3 including the 

autophagy and activation of HSCs. Whether the 

translocation of Bnip3 from nucleus to cytoplasm 

depends on intermediate filaments composed with 

vimentin, is worthy of in-depth study. 

 

Conclusively, in current study, it was determined that 

Bnip3, regulated by Hif-1α, promoted autophagy during 

HSC activation. In activated HSCs, Bnip3 regulated the 

autophagy and activation of HSCs, possibly via 

interacting with vimentin, a kind of intermediate 

filament protein with highly abundant expression in 

HSCs. 

 

MATERIALS AND METHODS 
 

Ethics statement and human studies 
 

Animal experiments were approved by the Committee 

on Animal Research of Tongji Medical College (TMC), 

Huazhong University of Science and Technology, 

Hubei Province, PR China. Human studies were 

approved by the institutional review board of TMC. All 

patients provided written informed consent. Eight cases 

of liver tissues from patients with liver fibrosis 

diagnosed by liver biopsy and normal liver tissues 

surrounding hepatic hemangioma excised from surgical 

operation were collected.  

 

Animal study 
 

BALB/c female mice, 8 weeks old, were randomly 

divided into two groups: the infected group and the 

control group. S. japonicum cercariae were shed from 

the snails. Each anaesthetized mouse in the infected 

group was percutaneously infected with 25 cercariae 

through the shaved abdomen. The mice were sacrificed 

at 8 weeks post-infection, and samples of liver were 

collected [17]. 
 

Isolation of primary cells and cell culture 
 

Primary hepatic stellate cells were isolated from healthy 

BALB/c mouse by enzymatic digestion and Percoll 

density gradient centrifugation [19]. Primary HSCs 

were cultured in DMEM (Hyclone, USA) supplemented 

with 16% inactivated fetal bovine serum (Gibco, USA) 

as appropriate. LX-2, human HSC line, was grown in 

DMEM supplemented with 10% inactivated fetal 

bovine serum (Sciencell, USA) as appropriate. The 
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antibiotics penicillin G (100 U/mL) and streptomycin 

sulfate (100 μg/mL) were added.  

 

Transfection, cell stimulation and chemical 

inhibitors 

 

Cells were transfected with 50nM siRNA specific to 

Bnip3 or non-specific siRNA using Ribo FECTTM CP 

transfection kit following manual instruction (RiboBio, 

China). Lipofectamine 2000 (Invitrogen, USA) was 

used to transfect GFP-RFP-LC3B plasmid into cells. 

Cells were stimulated by 100μM CoCl2 (Sigma, C8661, 

USA) or 2μg/ml LPS (Sigma, L-2880, USA). YC-1 

(MCE, 170632-47-0, USA) was used as Hif-1 chemical 

inhibitor and Withaferin A (MCE, HY-N2065, USA) 

was used as chemical inhibitor of vimentin re-

organization. 

 

Antibodies 
 

Primary antibodies used for Western blot, immuno-

histochemistry and immunocytochemistry are listed as 

followed: Hif-1α (79233, Cell signaling, USA), α-SMA 

(ab32575, Abcam, USA), Bnip3 (ab10433, Abcam, 

USA; ab38621, Abcam, USA), LC3B (83506, cell 

signaling, USA; 12741, cell signaling, USA), vimentin 

(ServiceBio, GB12192, China), phosphor-vimentin 

Ser56 (ab217673, Abcam, USA), phosphor-vimentin 

Ser38 (ab52942, Abcam, USA), phosphor-vimentin 

Ser72 (ab52944, Abcam, USA), phosphor-vimentin 

Ser82 (ab52943, Abcam, USA), caspase 3 (ab197202, 

Abcam, USA), cytochrome C (sc-13156, Santa Cruz, 

USA), GAPDH (GB12002, Servicebio, China). 

 

Western blot 

 

Protein concentration from cell lysates was valued using 

BCA Protein Assay Kit (P0011, Beyotime, China). 

Protein samples were separated by SDS/PAGE and 

transferred onto PVDF membrane (Millipore, USA). 

After blocking in 5% BSA, membranes were incubated 

with primary antibodies and then corresponding 

secondary antibodies. Immunoreactive bands were 

tested with SuperSignal TM ELISA Femto Maximum 

Sensitivity Substrate (37075, Thermo, USA). 

 

Immunohistochemistry and immunocytochemistry 
 

The formalin-fixed and paraffin-embedded liver 

tissues were cut into 4-μm sections and the expression 

of Bnip3 was determined in tissue of normal and 

fibrotic livers. Cells seeded on coverslips were fixed in 

4% paraformaldehyde, permeabilized with 0.1% Triton  

X-100, and counter-stained with antibodies against 

Bnip3, LC3B or vimentin. The coverslips were mounted 

onto slides in anti-fade mounting medium (H-1000, 

Vectorlabs, USA) and fluorescent images were 

captured using confocal microscopy (FV3000, 

Olympus, Japan).  

 

Immunoprecipitation and mass spectrometry 

 

Cells were lysed in 4° C pre-cooled RIPA buffer and 

150-300 μg of cell lysate was incubated with 1 μg 

Bnip3 monoclonal antibody at 4° C overnight with 

continuous agitation. Protein A+G Agarose (P2012, 

Beyotime, China) was added and incubated for 

additional 2 hours at 4° C. The beads were washed and 

precipitated proteins were eluted by boiling the beads in 

2×SDS-PAGE sample buffer for 5 minutes. The 

samples were analyzed by Western blot or LC-MS/MS-

based analysis.  
 

Flow cytometry analysis of apoptosis 
 

Cells were stained with Annexin V-FITC/PI detection 

kit according to the manual instruction (AD-10, Dojindo, 

Japan). Apoptotic cells were detected using flow 

cytometry (AFC2, Life Technologies, Singapore) and 

apoptosis was calculated with percentage of Q2 cells 

(late apoptosis) and Q4 cells (early apoptosis).   
 

Statistical analysis 
 

All data are expressed as mean±SD. Differences 

between experimental and control groups were assessed 

by one-way ANOVA or unpaired, two-sided Mann–

Whitney U-test using SPSS 19.0, *P < 0.05, **P < 0.01, 

***P < 0.001. 
 

Abbreviations 
 

ECM: extracellular matrix; HSC: hepatic stellate cell; α-

SMA: α-smooth muscle actin; LC3: microtubule-

associated proteins light chain 3 alpha; ATG: autophagy-

related gene; Bnip3: Bcl-2/adenovirus E1B 19-kDa 

interacting protein; BH3: Bcl-2 homology domain 3; 

mTOR: mammalian rapamycin target protein; Hif-1: 

hypoxia inducible factor-1; LPS: lipopolysaccharide; IF: 

intermediate filament; TLR: Toll-like receptor; HRE: 

hypoxia responsive element; GFAP: glial fibrillary acidic 

protein; WFA: Withaferin A. 

 

AUTHOR CONTRIBUTIONS  
 

JL and CS conceived and designed the project. JL,  

YX and ZC performed most of the experiments.  

TX, LW, HZ, YZ, PZ and FG performed some of  

the experiments. JL, YX, WL, ZC and CS analyzed 

and interpreted the data. JL, YX and CS wrote  

the manuscript. All the authors have read this 

manuscript. 



 

www.aging-us.com 967 AGING 

ACKNOWLEDGMENTS 
 

We sincerely thank Prof. Yueguang Rong (Department 

of Pathogen Biology, School of Basic Medicine, 

Huazhong University of Science and Technology) for 

kindly gift of GFP-RFP-LC3B plasmid. We thank 

Jingjie PTM Biolab (Hangzhou, China) for the 

assistance with LC-MS/MS-based analysis work. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of 

interest. 

 

FUNDING 
 

This work was supported by National Natural Science 

Foundation of China (No.81470855, to Shi C), the 

Fundamental Research Funds for the Central 

Universities, Huazhong University of Science and 

Technology (HUST, 2017KFYXJJ053 to Shi C), 

Integrated Innovative Team for Major Human Diseases 

Program of Tongji Medical College, Huazhong 

University of Science and Technology (No.500153003). 

 

REFERENCES 
 

1. Hernandez-Gea V, Friedman SL. Pathogenesis of liver 
fibrosis. Annu Rev Pathol. 2011; 6:425–56. 

 https://doi.org/10.1146/annurev-pathol-011110-
130246 PMID:21073339 

2. Meindl-Beinker NM, Dooley S. Transforming growth 
factor-beta and hepatocyte transdifferentiation in liver 
fibrogenesis. J Gastroenterol Hepatol. 2008 (Suppl 1); 
23:S122–27. 

 https://doi.org/10.1111/j.1440-1746.2007.05297.x 
PMID:18336655 

3. Kabeya Y, Mizushima N, Ueno T, Yamamoto A, Kirisako 
T, Noda T, Kominami E, Ohsumi Y, Yoshimori T. LC3, a 
mammalian homologue of yeast Apg8p, is localized in 
autophagosome membranes after processing. EMBO J. 
2000; 19:5720–28. 

 https://doi.org/10.1093/emboj/19.21.5720 
PMID:11060023 

4. Kraft C, Peter M, Hofmann K. Selective autophagy: 
ubiquitin-mediated recognition and beyond. Nat Cell 
Biol. 2010; 12:836–41. 

 https://doi.org/10.1038/ncb0910-836  
PMID:20811356 

5. Pankiv S, Clausen TH, Lamark T, Brech A, Bruun JA, 
Outzen H, Øvervatn A, Bjørkøy G, Johansen T. 
p62/SQSTM1 binds directly to Atg8/LC3 to facilitate 
degradation of ubiquitinated protein aggregates by 
autophagy. J Biol Chem. 2007; 282:24131–45. 

 https://doi.org/10.1074/jbc.M702824200 
PMID:17580304 

6. Thoen LF, Guimarães EL, Dollé L, Mannaerts I, Najimi 
M, Sokal E, van Grunsven LA. A role for autophagy 
during hepatic stellate cell activation. J Hepatol. 2011; 
55:1353–60. 

 https://doi.org/10.1016/j.jhep.2011.07.010 
PMID:21803012 

7. Hernández-Gea V, Ghiassi-Nejad Z, Rozenfeld R, 
Gordon R, Fiel MI, Yue Z, Czaja MJ, Friedman SL. 
Autophagy releases lipid that promotes fibrogenesis by 
activated hepatic stellate cells in mice and in human 
tissues. Gastroenterology. 2012; 142:938–46. 

 https://doi.org/10.1053/j.gastro.2011.12.044 
PMID:22240484 

8. Hernández-Gea V, Hilscher M, Rozenfeld R, Lim MP, 
Nieto N, Werner S, Devi LA, Friedman SL. Endoplasmic 
reticulum stress induces fibrogenic activity in hepatic 
stellate cells through autophagy. J Hepatol. 2013; 
59:98–104. 

 https://doi.org/10.1016/j.jhep.2013.02.016 
PMID:23485523 

9. Tian Z, Chen Y, Yao N, Hu C, Wu Y, Guo D, Liu J, Yang Y, 
Chen T, Zhao Y, He Y. Role of mitophagy regulation by 
ROS in hepatic stellate cells during acute liver failure. 
Am J Physiol Gastrointest Liver Physiol. 2018; 
315:G374–84. 

 https://doi.org/10.1152/ajpgi.00032.2018 
PMID:29648877 

10. Murphy KM, Streips UN, Lock RB. Bcl-2 inhibits a Fas-
induced conformational change in the Bax N terminus 
and Bax mitochondrial translocation. J Biol Chem. 
2000; 275:17225–8. 

 https://doi.org/10.1074/jbc.C900590199 
PMID:10751382 

11. Ray R, Chen G, Vande Velde C, Cizeau J, Park JH, Reed 
JC, Gietz RD, Greenberg AH. BNIP3 heterodimerizes 
with Bcl-2/Bcl-X(L) and induces cell death independent 
of a Bcl-2 homology 3 (BH3) domain at both 
mitochondrial and nonmitochondrial sites. J Biol Chem. 
2000; 275:1439–48. 

 https://doi.org/10.1074/jbc.275.2.1439 
PMID:10625696 

12. Kubasiak LA, Hernandez OM, Bishopric NH, Webster 
KA. Hypoxia and acidosis activate cardiac myocyte 
death through the Bcl-2 family protein BNIP3. Proc Natl 
Acad Sci USA. 2002; 99:12825–30. 

 https://doi.org/10.1073/pnas.202474099 
PMID:12226479 

13. Bellot G, Garcia-Medina R, Gounon P, Chiche J, Roux D, 
Pouysségur J, Mazure NM. Hypoxia-induced autophagy 
is mediated through hypoxia-inducible factor induction 

https://doi.org/10.1146/annurev-pathol-011110-130246
https://doi.org/10.1146/annurev-pathol-011110-130246
https://pubmed.ncbi.nlm.nih.gov/21073339
https://doi.org/10.1111/j.1440-1746.2007.05297.x
https://pubmed.ncbi.nlm.nih.gov/18336655
https://doi.org/10.1093/emboj/19.21.5720
https://pubmed.ncbi.nlm.nih.gov/11060023
https://doi.org/10.1038/ncb0910-836
https://pubmed.ncbi.nlm.nih.gov/20811356
https://doi.org/10.1074/jbc.M702824200
https://pubmed.ncbi.nlm.nih.gov/17580304
https://doi.org/10.1016/j.jhep.2011.07.010
https://pubmed.ncbi.nlm.nih.gov/21803012
https://doi.org/10.1053/j.gastro.2011.12.044
https://pubmed.ncbi.nlm.nih.gov/22240484
https://doi.org/10.1016/j.jhep.2013.02.016
https://pubmed.ncbi.nlm.nih.gov/23485523
https://doi.org/10.1152/ajpgi.00032.2018
https://pubmed.ncbi.nlm.nih.gov/29648877
https://doi.org/10.1074/jbc.C900590199
https://pubmed.ncbi.nlm.nih.gov/10751382
https://doi.org/10.1074/jbc.275.2.1439
https://pubmed.ncbi.nlm.nih.gov/10625696
https://doi.org/10.1073/pnas.202474099
https://pubmed.ncbi.nlm.nih.gov/12226479


 

www.aging-us.com 968 AGING 

of BNIP3 and BNIP3L via their BH3 domains. Mol Cell 
Biol. 2009; 29:2570–81. 

 https://doi.org/10.1128/MCB.00166-09 
PMID:19273585 

14. Maiuri MC, Le Toumelin G, Criollo A, Rain JC, Gautier F, 
Juin P, Tasdemir E, Pierron G, Troulinaki K, Tavernarakis 
N, Hickman JA, Geneste O, Kroemer G. Functional and 
physical interaction between Bcl-X(L) and a BH3-like 
domain in Beclin-1. EMBO J. 2007; 26:2527–39. 

 https://doi.org/10.1038/sj.emboj.7601689 
PMID:17446862 

15. Pattingre S, Tassa A, Qu X, Garuti R, Liang XH, 
Mizushima N, Packer M, Schneider MD, Levine B. Bcl-2 
antiapoptotic proteins inhibit Beclin 1-dependent 
autophagy. Cell. 2005; 122:927–39. 

 https://doi.org/10.1016/j.cell.2005.07.002 
PMID:16179260 

16. Li Y, Wang Y, Kim E, Beemiller P, Wang CY, Swanson J, 
You M, Guan KL. Bnip3 mediates the hypoxia-induced 
inhibition on mammalian target of rapamycin  
by interacting with rheb. J Biol Chem. 2007; 
282:35803–13. 

 https://doi.org/10.1074/jbc.M705231200 
PMID:17928295 

17. Deng J, Huang Q, Wang Y, Shen P, Guan F, Li J, Huang 
H, Shi C. Hypoxia-inducible factor-1alpha regulates 
autophagy to activate hepatic stellate cells. Biochem 
Biophys Res Commun. 2014; 454:328–34. 

 https://doi.org/10.1016/j.bbrc.2014.10.076 
PMID:25450397 

18. Hong F, Wan L, Liu J, Huang K, Xiao Z, Zhang Y, Shi C. 
Histone methylation regulates Hif-1 signaling cascade 
in activation of hepatic stellate cells. FEBS Open Bio. 
2018; 8:406–15. 

 https://doi.org/10.1002/2211-5463.12379 
PMID:29511617 

19. Wan L, Xia T, Du Y, Liu J, Xie Y, Zhang Y, Guan F, Wu J, 
Wang X, Shi C. Exosomes from activated hepatic 
stellate cells contain GLUT1 and PKM2: a role for 
exosomes in metabolic switch of liver nonparenchymal 
cells. FASEB J. 2019; 33:8530–42. 

 https://doi.org/10.1096/fj.201802675R 
PMID:30970216 

20. Wang Y, Huang Y, Guan F, Xiao Y, Deng J, Chen H, Chen 
X, Li J, Huang H, Shi C. Hypoxia-inducible factor-1alpha 
and MAPK co-regulate activation of hepatic stellate 
cells upon hypoxia stimulation. PLoS One. 2013; 
8:e74051. 

 https://doi.org/10.1371/journal.pone.0074051 
PMID:24040163 

21. Wild P, McEwan DG, Dikic I. The LC3 interactome at a 
glance. J Cell Sci. 2014; 127:3–9. 

 https://doi.org/10.1242/jcs.140426  
PMID:24345374 

22. Mizushima N, Yoshimori T, Levine B. Methods  
in mammalian autophagy research. Cell. 2010; 
140:313–26. 

 https://doi.org/10.1016/j.cell.2010.01.028 
PMID:20144757 

23. Ueno T, Komatsu M. Monitoring autophagy flux and 
activity: principles and applications. Bioessays. 2020; 
42:e2000122. 

 https://doi.org/10.1002/bies.202000122 
PMID:32851706 

24. Liu X, Zhang W, Wu Z, Yang Y, Kang YJ. Copper levels 
affect targeting of hypoxia-inducible factor 1α to the 
promoters of hypoxia-regulated genes. J Biol Chem. 
2018; 293:14669–77. 

 https://doi.org/10.1074/jbc.RA118.001764 
PMID:30082314 

25. Geerts A, Eliasson C, Niki T, Wielant A, Vaeyens F, 
Pekny M. Formation of normal desmin intermediate 
filaments in mouse hepatic stellate cells requires 
vimentin. Hepatology. 2001; 33:177–88. 

 https://doi.org/10.1053/jhep.2001.21045 
PMID:11124834 

26. Bargagna-Mohan P, Hamza A, Kim YE, Khuan Abby Ho 
Y, Mor-Vaknin N, Wendschlag N, Liu J, Evans RM, 
Markovitz DM, Zhan CG, Kim KB, Mohan R. The tumor 
inhibitor and antiangiogenic agent withaferin a targets 
the intermediate filament protein vimentin. Chem Biol. 
2007; 14:623–34. 

 https://doi.org/10.1016/j.chembiol.2007.04.010 
PMID:17584610 

27. Zarember KA, Malech HL. HIF-1alpha: a master 
regulator of innate host defenses? J Clin Invest. 2005; 
115:1702–04. 

 https://doi.org/10.1172/JCI25740 PMID:16007247 

28. Paik YH, Schwabe RF, Bataller R, Russo MP, Jobin C, 
Brenner DA. Toll-like receptor 4 mediates 
inflammatory signaling by bacterial lipopolysaccharide 
in human hepatic stellate cells. Hepatology. 2003; 
37:1043–55. 

 https://doi.org/10.1053/jhep.2003.50182 
PMID:12717385 

29. Chen M, Liu J, Yang W, Ling W. Lipopolysaccharide 
mediates hepatic stellate cell activation by regulating 
autophagy and retinoic acid signaling. Autophagy. 
2017; 13:1813–27. 

 https://doi.org/10.1080/15548627.2017.1356550 
PMID:29160747 

30. Myllyharju J, Schipani E. Extracellular matrix genes as 
hypoxia-inducible targets. Cell Tissue Res. 2010; 
339:19–29. 

https://doi.org/10.1128/MCB.00166-09
https://pubmed.ncbi.nlm.nih.gov/19273585
https://doi.org/10.1038/sj.emboj.7601689
https://pubmed.ncbi.nlm.nih.gov/17446862
https://doi.org/10.1016/j.cell.2005.07.002
https://pubmed.ncbi.nlm.nih.gov/16179260
https://doi.org/10.1074/jbc.M705231200
https://pubmed.ncbi.nlm.nih.gov/17928295
https://doi.org/10.1016/j.bbrc.2014.10.076
https://pubmed.ncbi.nlm.nih.gov/25450397
https://doi.org/10.1002/2211-5463.12379
https://pubmed.ncbi.nlm.nih.gov/29511617
https://doi.org/10.1096/fj.201802675R
https://pubmed.ncbi.nlm.nih.gov/30970216
https://doi.org/10.1371/journal.pone.0074051
https://pubmed.ncbi.nlm.nih.gov/24040163
https://doi.org/10.1242/jcs.140426
https://pubmed.ncbi.nlm.nih.gov/24345374
https://doi.org/10.1016/j.cell.2010.01.028
https://pubmed.ncbi.nlm.nih.gov/20144757
https://doi.org/10.1002/bies.202000122
https://pubmed.ncbi.nlm.nih.gov/32851706
https://doi.org/10.1074/jbc.RA118.001764
https://pubmed.ncbi.nlm.nih.gov/30082314
https://doi.org/10.1053/jhep.2001.21045
https://pubmed.ncbi.nlm.nih.gov/11124834
https://doi.org/10.1016/j.chembiol.2007.04.010
https://pubmed.ncbi.nlm.nih.gov/17584610
https://doi.org/10.1172/JCI25740
https://pubmed.ncbi.nlm.nih.gov/16007247
https://doi.org/10.1053/jhep.2003.50182
https://pubmed.ncbi.nlm.nih.gov/12717385
https://doi.org/10.1080/15548627.2017.1356550
https://pubmed.ncbi.nlm.nih.gov/29160747


 

www.aging-us.com 969 AGING 

 https://doi.org/10.1007/s00441-009-0841-7 
PMID:19662436 

31. Guo K, Searfoss G, Krolikowski D, Pagnoni M, Franks C, 
Clark K, Yu KT, Jaye M, Ivashchenko Y. Hypoxia induces 
the expression of the pro-apoptotic gene BNIP3. Cell 
Death Differ. 2001; 8:367–76. 

 https://doi.org/10.1038/sj.cdd.4400810 
PMID:11550088 

32. Biskou O, Casanova V, Hooper KM, Kemp S, Wright GP, 
Satsangi J, Barlow PG, Stevens C. The type III 
intermediate filament vimentin regulates organelle 
distribution and modulates autophagy. PLoS One. 
2019; 14:e0209665. 

 https://doi.org/10.1371/journal.pone.0209665 
PMID:30699149 

33. Eriksson JE, He T, Trejo-Skalli AV, Härmälä-Braskén AS, 
Hellman J, Chou YH, Goldman RD. Specific in vivo 
phosphorylation sites determine the assembly 
dynamics of vimentin intermediate filaments. J Cell Sci. 
2004; 117:919–32. 

 https://doi.org/10.1242/jcs.00906 PMID:14762106 

34. Burton TR, Eisenstat DD, Gibson SB. BNIP3 (Bcl-2 19 
kDa interacting protein) acts as transcriptional 
repressor of apoptosis-inducing factor expression 
preventing cell death in human malignant gliomas. J 
Neurosci. 2009; 29:4189–99. 

 https://doi.org/10.1523/JNEUROSCI.5747-08.2009 
PMID:19339613 

35. Schmidt-Kastner R, Aguirre-Chen C, Kietzmann T, Saul I, 
Busto R, Ginsberg MD. Nuclear localization of the 
hypoxia-regulated pro-apoptotic protein BNIP3 after 
global brain ischemia in the rat hippocampus. Brain 
Res. 2004; 1001:133–42. 

 https://doi.org/10.1016/j.brainres.2003.11.065 
PMID:14972662 

36. Burton TR, Henson ES, Azad MB, Brown M, Eisenstat 
DD, Gibson SB. BNIP3 acts as transcriptional repressor 
of death receptor-5 expression and prevents TRAIL-
induced cell death in gliomas. Cell Death Dis. 2013; 
4:e587. 

 https://doi.org/10.1038/cddis.2013.100 
PMID:23579274 

  

https://doi.org/10.1007/s00441-009-0841-7
https://pubmed.ncbi.nlm.nih.gov/19662436
https://doi.org/10.1038/sj.cdd.4400810
https://pubmed.ncbi.nlm.nih.gov/11550088
https://doi.org/10.1371/journal.pone.0209665
https://pubmed.ncbi.nlm.nih.gov/30699149
https://doi.org/10.1242/jcs.00906
https://pubmed.ncbi.nlm.nih.gov/14762106
https://doi.org/10.1523/JNEUROSCI.5747-08.2009
https://pubmed.ncbi.nlm.nih.gov/19339613
https://doi.org/10.1016/j.brainres.2003.11.065
https://pubmed.ncbi.nlm.nih.gov/14972662
https://doi.org/10.1038/cddis.2013.100
https://pubmed.ncbi.nlm.nih.gov/23579274


 

www.aging-us.com 970 AGING 

SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. Apoptosis did not occur during activation of hepatic stellate cells. LX-2 cells were treated with 100 μM 
CoCl2 or 2 μg/ml LPS for 8 h. (A) Cells were collected and stained with Annexin V-FITC/PI apoptosis double staining kit. Apoptosis was 
analyzed with FACS. Annexin V+/PI- cells were recorded as early apoptotic cells and Annexin V+/PI+ cells were recorded as late apoptotic cells 
to calculate the percentage of apoptotic cells. Densitometric analysis was performed and data were expressed as mean ± SD. (B) Cell lysates 
were subjected to detect caspase 3 and cytochrome C with Western blot. Densitometric analysis was performed and data were expressed as 
mean ± SD. n.s.: not significant.   
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Supplementary Figure 2. Interference of Bnip3 expression inhibited the activation of hepatic stellate cells. LX-2 cells were 
stimulated by 100 μM CoCl2 (A) or 2 μg/ml LPS (B), either alone or after Bnip3 siRNA transfection. Cells were collected at 48 h post 
transfection and the expression of Bnip3 and α-SMA was detected by Western blot. (C) Primary HSCs were isolated from mice and cultivated 
in vitro. Cells were transfected with specific siRNA targeting Bnip3 as cells were cultivated up to Day 3 and the expressions of Bnip3 and α-
SMA were detected by Western blot. Densitometric analysis was performed and data were expressed as mean ± SD, *P < 0.05, **P < 0.01. 
 

 
 

Supplementary Figure 3. Inhibition of vimentin re-organization inhibited Bnip3 expression and autophagy in hypoxia or LPS 
stimulated LX-2 cells. LX-2 cells were stimulated by 100 μM CoCl2 or 2 μg/ml LPS either alone or after Withaferin A (1.0 μM) pre-treatment 
and the expression of vimentin, Bnip3 and LC3B was detected by Western blot. Densitometric analysis was performed and data were 
expressed as mean ± SD, *P < 0.05, **P < 0.01.  
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Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Tables 1 to 2. 

 

Supplementary Table 1. Screen of proteins interacted with Bnip3 in non-stimulated LX-2 cells with mass 
spectrometry.  

Supplementary Table 2. Screen of proteins interacted with Bnip3 in hypoxia-stimulated LX-2 cells with mass 
spectrometry.  

 

 


