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Abstract. Hepatic ischemia/reperfusion (I/R) injury is a side 
effect of major liver surgery that is difficult to prevent. I/R 
injury induces metabolic strain on hepatocytes and limits the 
tolerable ischemia during liver resection, as well as preserva-
tion times during transplantation. Additionally, I/R injury 
induces apoptosis in hepatocytes. CD5‑like (CD5L), an inducer 
of autophagy, is a soluble scavenger cysteine‑rich protein that 
modulates hepatocyte apoptosis. The aim of the present study 
was to determine if pharmacologic CD5L was protective 
against hepatic ischemia‑reperfusion injury. Hepatocytes were 
subjected to I/R culture conditions, and apoptosis and caspase 
family activity were measured after I/R to model hepatic 
injury. Treatment with recombinant CD5L significantly 
suppressed apoptosis and caspase activity through modu-
lating cellular autophagy to maintain activation of the cluster 
of differentiation 36 (CD36)‑dependent autophagy‑related 
7 (ATG7) signaling pathway. The regulation loop between 
CD5L and the autophagy signaling pathway was identified to 
be associated with the inhibition of oxidative stress. Treatment 
with CD5L significantly inhibited cellular oxidative stress, 
which was confirmed by silencing the CD36 receptor or the 
autophagy related protein ATG7 using small interfering RNA, 
which reversed the antiapoptotic and antioxidative effects of 
CD5L on hepatocytes under I/R conditions. The results of the 
present study suggested that CD5L‑mediated attenuation of 
hepatic I/R injury occurs through the CD36‑dependent ATG7 
pathway, accompanied by the inhibition of oxidative stress, 
which is associated with enhanced autophagy. In conclusion, 

the present study identifies CD5L as a novel therapeutic agent 
for hepatic I/R injury.

Introduction

For patients with hepatic malignancy, liver resection may often 
be the only treatment option (1). Excessive blood loss during 
surgery is associated with poor postoperative outcomes (2); to 
avoid this, vascular inflow occlusion (VIO) is often performed 
during liver transaction  (3). Although VIO effectively 
reduces blood loss, hepatic oxygen supply is interrupted, 
which results in metabolic disruption that subjects the liver 
to hepatic ischemia/reperfusion (I/R) injury once oxygen is 
reintroduced (4).

Apoptosis is a process of programmed cell death that serves 
an important role in the progression of I/R injury (5). Intrinsic 
apoptosis, also termed the mitochondrial apoptosis pathway, 
is induced by intracellular stress, such as oxidative stress, 
and subsequent activation of the caspase family‑mediated 
apoptotic cascade (6). Apoptotic hepatocytes are observed in 
liver I/R injury (7). Pharmacological inhibition of hepatocyte 
apoptosis has been demonstrated to improve I/R injury (8,9). 
Therefore, targeting apoptosis may be a promising preventive 
and therapeutic strategy for hepatic I/R injury.

CD5‑like (CD5L) protein is a soluble glycoprotein, also 
known as apoptosis inhibitor of macrophage (AIM) (10). CD5L 
serves diverse roles in the relationship between lipid homeostasis 
and the immune response (11). CD5L localizes to cell surface 
receptor cluster of differentiation 36 (CD36) to promote the 
transcription of genes involved in the regulation of mitochondrial 
biogenesis to maintain energy and metabolic homeostasis; thus, 
CD5L may promote antiapoptotic effects in hepatocellular carci-
noma (12,13). Therefore, exogenous CD5L may have beneficial 
effects in protecting liver from I/R induced injury.

The autophagy salvage pathway is an additional means 
of energy generation in cells and can be activated by various 
cellular stressors, including I/R (14). Autophagy is a process of 
degradation and recycling of large molecules and dysfunctional 
organelles, protecting cells from apoptosis (15). As an inducer of 
autophagy, CD5L may serve a functional role in cytoprotection 
processes in macrophages and hepatocytes (12,16).
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Hepatic I/R injury is a sterile inflammatory response that 
follows hepatic ischemia and is characterized by overproduc-
tion of reactive oxygen species (ROS) followed by hepatocyte 
apoptosis  (17,18). During ischemia, the absence of oxygen 
leads to an accumulation of ROS and a reduction in antioxida-
tive enzymes (19). A previous study has suggested that CD5L 
may promote an anti‑inflammatory cytokine profile through 
the modulation of autophagy, leading to an inhibition of ROS 
generation (20). The present study investigated whether CD5L 
was able to modulate cellular oxidative stress to alleviate the 
I/R injury.

The aim of the present study was to determine whether 
exogenous CD5L would enhance autophagy through the CD36 
receptor and decrease I/R‑induced oxidative stress, leading to 
inhibition of hepatocyte apoptosis, thereby attenuating hepatic 
I/R injury.

Materials and methods

Isolation, culture and treatment of hepatocytes. All animals 
received humane care according to protocols approved by 
the institutional care and use committee at the Wenzhou 
Medical University (Ethics Committee of Wenzhou Medical 
University, Wenzhou, China; approval no. WMU18825). A 
total of 60 C57BL/6 mice were used for the present study. The 
housing conditions for the mice were as follows: Light/dark 
cycle, 12‑h; temperature, 21±2˚C; relative humidity, 30‑70%; 
food and water, freely available to each animal throughout. 
Mouse hepatocytes were isolated from 3‑month‑old male 
C57BL/6  mice (n=12/group) using the collagenase perfu-
sion method as previously described (21). Briefly, mice were 
anesthetized with 3.5% chloral hydrate (10 µl/g body weight; 
350 mg/kg). Following a laparotomy, the vena cava was cathe-
terized. The liver was perfused with pre‑warmed EGTA buffer 
followed by collagenase buffer. The liver was immediately 
dissected and placed in a 10‑cm cell culture dish for mincing. 
The separated hepatocytes were filtered through a 70‑µm cell 
strainer to remove tissue debris. Hepatocytes were washed 
twice with cold low‑glucose (5.5 mM) Dulbecco's modified 
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc.) containing 10% fetal bovine serum and centrifuged at 
50 x g for 5 min at 4˚C.

For experiments involving hypoxia, the medium was 
replaced with serum‑free DMEM/F12 medium (Gibco; 
Thermo Fisher Scientific, Inc.) saturated with 95% N2/5% CO2

 

at 37˚C. The cells were placed in an experimental hypoxia 
chamber in a saturated atmosphere of 95% N2 and 5% CO2. 
To simulate re‑oxygenation, hepatocytes were cultured under 
normal conditions, as previously described  (9). Following 
I/R injury, hepatocytes adhered to the culture dish; 0.25% 
trypsin‑EDTA at 37˚C was used to release them from the 
plate.

For CD5L treatment, cells (I/R model) were cultured with 
DMEM/F12 containing 1 µg/ml recombinant CD5L and incu-
bated at 37˚C for 1 h before cell I/R treatment as previously 
described (16).

Flow cytometry. Flow cytometry using Annexin V‑PI 
Apoptosis Detection kit (BD Biosciences) was performed to 
assess apoptosis as described previously (22). Hepatocytes 

(I/R model; 1x105 cells/well) were stained with Annexin V 
and propidium iodide according to the manufacturer's proto-
cols. Data were acquired on a FACScan instrument (BD 
Biosciences) and analyzed using CellQuest software (version 
8.0.1; BD Biosciences).

Caspase assay. Caspase3/7/8 activity was determined using 
Cell Meter™ Caspase 3/7 and Caspase 8 Activity Apoptosis 
Assay kits (AAT Bioquest, Inc.) according to the manufactur-
er's instructions (23). The results were read at 520 nm using a 
microplate reader (Bio‑Rad Laboratories, Inc.) and expressed 
as fold change in caspase 3/7/8 activity from control.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells (I/R model), using TRIzol 
(Invitrogen; Thermo Fisher Scientific, Inc.) and reverse 
transcribed to cDNA using Transcriptor First Strand cDNA 
Synthesis kit (Roche Molecular Systems, Inc.) according 
to manufacturer's protocol. qPCR was performed using the 
SYBR® Green PCR Master Mix Reagent kit (Takara Bio, 
Inc.), and GAPDH was used for data normalization. The 
thermocycling conditions were as follows: 5 min at 95˚C, 
followed by 35‑40 cycles of 5 sec at 95˚C and 10 sec at 60˚C. 
The fold‑change of expression of the transcript mRNA was 
analyzed using the 2‑ΔΔCq method (24). The primers used were as 
follows: CD36 forward, 5'‑GAG​CCA​TCT​TTG​AGC​CTT​CA‑3' 
and reverse, 5'‑TCA​GAT​CCG​AAC​ACA​GCG​TA‑3'; GADPH 
forward, 5'‑GGA​GCC​AAA​AGG​GTC​ATC​AT‑3' and reverse, 
5'‑GTG​ATG​GCA​TGG​ACT​GTG​GT‑3'; autophagy‑related 
7 (ATG7) forward, 5'‑CGG​CTG​AGA​TCT​GGG​ACA‑3' and 
reverse, 5'‑AGC​CAG​ATT​GAG​CGA​CTG​AT‑3' (all purchased 
from Invitrogen; Thermo Fisher Scientific, Inc.).

Western blot analysis. Hepatocytes (I/R model) were lysed 
with ice‑cold Cell Lysis Buffer (cat. no. ab152163; Abcam) to 
obtain total protein, which was subsequently quantified using 
bicinchoninic acid protein assay. Protein samples (20 µg/lane) 
were then separated by 10% SDS‑PAGE and transferred 
to polyvinylidene difluoride membranes (EMD Millipore; 
Merck KGaA). Following transfer, the membranes were 
blocked with 5% milk in Tris‑buffered saline and incubated 
with the appropriate primary antibodies (all 1:1,000 dilution; 
LC3B, cat. no. 3868; ATG7, cat. no. 8558 and β‑actin, cat. 
no. 4970; all from Cell Signaling Technology, Inc.) overnight 
at 4˚C. The membranes were subsequently incubated with 
horseradish peroxidase‑conjugated secondary antibody 
(1:2,000 dilution; cat. no. 7074, Cell Signaling Technology, 
Inc.) and visualized using ECL Substrate Kit (Abcam). The 
stained protein bands were visualized using ChemiDoc 
XRS equipment (Bio‑Rad Laboratories, Inc.), and quantified 
and analyzed using Quantity One software (version 4.5.2; 
Bio‑Rad Laboratories, Inc.).

Small interfering (si)RNA transfection. Hepatocytes were 
resuspended (1x106 cells/ml) in serum‑ and antibiotic‑free 
siRNA Transfection Medium (cat. no. sc‑36868; Santa Cruz 
Biotechnology, Inc.). CD36, ATG7 and control siRNAs (CD36, 
5'‑CTG​TCC​ATC​CCG​CAC​CTG​CG‑3' and ATG7, 5'‑CTC​
GCC​GAG​CTC​GCC​CA‑3'; scramble control 5'‑ACG​TCT​
ATA​CGC​CCA‑3') were purchased from Invitrogen (Thermo 
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Fisher Scientific, Inc.). Lipofectamine® 2000 (Thermo Fisher 
Scientific, Inc.) was used to perform siRNA transfections 
(100 nM) according to the manufacturer's protocol. Cells were 
analyzed at 48 h following transfection.

ROS production measurement. Intracellular production of 
ROS was detected by staining with 2',7'‑dichlorofluorescin 
diacetate (DCFH‑DA; Sigma‑Aldrich; Merch KGaA). 
Following treatments, cells were washed thrice with sterile 
PBS and incubated with 10 µM DCFH‑DA for 30 min at 37˚C. 
The fluorescence intensity of the cells was measured using 
a fluorescence spectrophotometer at excitation and emission 
wavelengths of 488 nm and 525 nm, respectively.

Superoxide dismutase (SOD) activity. SOD activity in treated 
hepatocytes was determined using a colorimetric Superoxide 
Dismutase Activity Assay Kit (cat. no.  ab65354; Abcam) 
according to the manufacturer's protocol. Briefly, protein was 
isolated from hepatocytes using the lysis buffer as part of the 
kit, and SOD activity was measured in 10 µg of total protein 
extract. Absorbance was measured at 450 nm.

Glutathione peroxidase (GSH‑Px) Assay. The level of GSH‑Px 
was assayed using fluorometric green GSH/GSSG Ratio 
Detection Assay (cat. no. ab138881; Abcam) and performed as 
previously described (25). The absorbance of the samples was 
assessed using a spectrophotometer at 340 nm.

Figure 1. Recombinant CD5L inhibits I/R‑induced hepatocyte apoptosis. (A) Representative images of Annexin V/PI flow cytometry analysis of apoptotic I/R 
injury model cells treated with CD5L. (B) Quantified flow cytometry results demonstrated that CD5L significantly reversed the apoptotic rate in I/R injury 
model cells. (C) Caspase 3/7 and (D) caspase 8 activity levels in hepatocyte cell lysates were measured using ELISA. Each column represents the mean ± SD 
of three independent experiments. *P<0.05 vs. control; ○P<0.05 vs. I/R. I/R, ischemia/reperfusion; CD5L, CD5‑like; PI, propidium iodide.
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Catalase (CAT) activity assay. CAT activity in cells was 
determined using a colorimetric Catalase Activity Assay Kit 
(cat. no. ab83464; Abcam) according to the manufacturer's 
instructions. The absorbance of the samples was assessed 
using a spectrophotometer at 570 nm.

Statistical analysis. Data are expressed as the mean ± SD. 
SPSS version 19.0 (IBM Corp.) was used for statistical anal-
ysis. Differences among ≥3 groups were tested by one‑way 
analysis of variance and Tukey's test for multiple comparisons. 
Differences between two groups were evaluated by Student's 

t‑test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Recombinant CD5L inhibits I/R‑induced hepatocyte apoptosis. 
As hepatocyte apoptosis has been implicated in I/R injury (26), 
the apoptotic rate of hepatocytes was tested in the I/R model 
in the present study. Annexin V‑FITC fluorescence‑activated 
cell sorting (FACS) results revealed that I/R‑induced apoptosis 
compared with that in control cells, but this effect could be 

Figure 2. Inhibition of hepatocyte apoptosis by CD5L occurs via the CD36 receptor. (A‑E) Hepatocytes were transfected with siRNA targeting CD36 or with 
siRNA‑NT as a control. (A) Transfection efficiency was determined by reverse transcription‑quantitative PCR. Each column represents the mean ± SD of three 
independent experiments. *P<0.05 vs. siRNA‑CD36. (B) Representative flow cytometric dot plots of apoptotic cells following Annexin V/propidium iodide 
staining and (C) quantification of apoptosis. (D) Caspase 3/7 and (E) caspase 8 activity levels in hepatocyte cell lysates were measured using ELISA. Each 
column represents the mean ± SD of three independent experiments. *P<0.05 vs. control; ▲P<0.05 vs. I/R; ○P<0.05 vs. I/R + siRNA‑CD36. (F‑H) Hepatocytes 
were transfected with siRNA against the CD36 transcript or with siRNA‑NT as a control and incubated under I/R conditions. (F) Apoptosis was analyzed by 
flow cytometry. (G) Caspase 3/7 or (H) caspase 8 activity from hepatocyte cell lysates were measured using ELISA. Each column represents the mean ± SD of 
three independent experiments. *P<0.05 vs. control. I/R, ischemia/reperfusion; CD5L, CD5‑like; CD36, cluster of differentiation 36; siRNA, small interfering 
RNA; NT, non‑targeting; PI, propidium iodide.
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partially reversed by the application of recombinant CD5L 
(Fig. 1A and B). To further explore the antiapoptotic effects 
of CD5L, the changes in apoptosis marker caspases 3/7 and 
caspase 8 were measured following I/R induction with or 
without CD5L pretreatment. The results demonstrated that 
CD5L significantly reduced the caspase activity compared 
with untreated I/R model cells (Fig. 1C and D).

CD5L inhibits hepatocyte apoptosis via the CD36 receptor. 
CD5L activates the scavenger receptor CD36 on the cell surface 
to mediate the cellular protection process (16). Therefore, the 
role of CD36 in CD5L‑induced hepatocyte protection was 
investigated. siRNAs targeting CD36 silenced its expression 
in hepatocytes by >80% compared with the non‑targeting 
siRNA (siRNA‑NT) negative control (Fig. 2A). FACS analysis 
of CD36‑silenced hepatocytes treated with CD5L compared 

with siRNA‑NT‑transfected cells treated with CD5L demon-
strated an increase in apoptosis (Fig. 2B and C). In addition, 
silencing CD36 reversed the inhibition of caspase activity 
induced by CD5L (Fig. 2D and E). By contrast, siRNA‑CD36 
or siRNA‑NT did not affect the apoptotic rates and caspase 
activity under I/R conditions (Fig. 2F‑H).

CD5L has a cytoprotective effect by modulating autophagy. 
As the induction of autophagy is associated with an antiapop-
totic effect during I/R (15), the autophagic flux was examined 
in I/R hepatocytes by assessing the expression of LC3B‑II, a 
marker for autophagy, by western blotting of total cell lysates. 
The present study also identified that ATG7 upregulation 
was also associated with protection against I/R liver injury. 
I/R induction decreased LC3B‑II and ATG7 levels in hepa-
tocytes compared with the control group, whereas CD5L 

Figure 3. CD5L activates the cellular autophagy process. (A‑D) Hepatocytes were transfected with siRNA‑CD36 or siRNA‑NT, incubated under I/R conditions 
and treated with CD5L. Cells without any treatment was used as control. (A and C) Representative western blots and quantification of the expression levels 
of LC3B‑II and β‑actin. (B and D) Representative western blots and quantification of the expression levels of ATG7 and β‑actin. Each column represents the 
mean ± SD of three independent experiments. *P<0.05 vs. control; ▲P<0.05 vs. I/R; ○P<0.05 vs. I/R + CD5L + siRNA‑CD36. (E‑H) Hepatocytes were trans-
fected with siRNA targeting CD36 or siRNA‑NT as a control and incubated under I/R conditions. (E and G) Representative western blots and quantification 
of the expression levels of ATG7. (F and H) Representative western blots and quantification of the expression levels of β‑actin. Each column represents the 
mean ± SD of three independent experiments. *P<0.05 vs. control. I/R, ischemia/reperfusion; CD5L, CD5‑like; CD36, cluster of differentiation 36; siRNA, 
small interfering RNA; NT, non‑targeting. 
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treatment increased LC3B‑II (Fig. 3A and C) and ATG7 levels 
(Fig. 3B and D) compared with the I/R group; these results 
indicated that the induction of autophagy may occur upon 
CD5L activation. CD36 silencing reversed the expression of 
autophagy‑related proteins induced by CD5L (Fig. 3E‑H).

To confirm these results, experiments aimed at silencing 
the protein ATG7, an integral component of the autophagy 
process (27), were performed. siRNA transfection targeting 
ATG7 lowered the expression levels of ATG7 mRNA in 
hepatocytes (Fig. 4A). ATG7 silencing reversed the antiapop-
totic effect of CD5L, and was associated with an increase in 
apoptosis compared with the control groups (Fig. 4B and C). 
In addition, following CD5L treatment, ATG7 silencing 
resulted in increased caspase activity compared with 
siRNA‑NT‑transfected cells (Fig. 4D and E). By contrast, 

siRNA‑ATG7 and siRNA‑NT had no effects on apoptosis and 
caspase activity under I/R condition without CD5L treatment 
(Fig. 4F‑H).

CD36 and ATG7 reverse the antioxidant effect of CD5L in 
hepatocytes. Since the oxidative stress is associated with 
I/R‑related cellular damage (28), the effects of CD5L on ROS 
generation and antioxidant enzyme activity were examined. 
As demonstrated in Fig.  5A, I/R exposure significantly 
increased ROS generation in hepatocytes compared with 
that in the control group. In addition, antioxidant enzyme 
activity analysis revealed that the levels of SOD, GSH‑Px 
and CAT in the I/R groups were significantly reduced 
compared with those in the control groups (Fig.  5B‑D). 
Following treatment with CD5L, ROS generation was 

Figure 4. CD5L serves a cytoprotective function by modulating autophagy. (A‑E) To determine the role of autophagy in the anti‑apoptotic actions of CD5L, 
hepatocytes were transfected with siRNA against ATG7 or siRNA‑NT. (A) The siRNA‑mediated transfection efficiency was demonstrated by reverse 
transcription‑quantitative PCR. Each column represents the mean ± SD of three independent experiments. *P<0.05 vs. siRNA‑ATG7. (B‑E) Hepatocytes 
were incubated under I/R conditions and treated with CD5L. (B) Representative flow cytometric dot plots of apoptotic cells following Annexin V/propidium 
iodide staining and (C) quantification of apoptosis. (D) Caspase 3/7 and (E) caspase 8 activity levels in cell lysates were measured using ELISA. Each column 
represents the mean ± SD of three independent experiments. *P<0.05 vs. control; ▲P<0.05 vs. I/R; ○P<0.05 vs. I/R + CD5L + siRNA‑ATG7. (F‑H) Hepatocytes 
were transfected with siRNA targeting ATG7 or siRNA‑NT as a control and incubated under I/R conditions. (F) Apoptosis was analyzed by flow cytometry. 
(G) Caspase 3/7 and (H) caspase 8 activity levels in hepatocyte cell lysates were measured using ELISA. Each column represents the mean ± SD of three 
independent experiments. *P<0.05 vs. control. I/R, ischemia/reperfusion; CD5L, CD5‑like; ATG7, autophagy‑related 7; siRNA, small interfering RNA; 
NT, non‑targeting.
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decreased, but antioxidant enzyme activity levels were 
increased compared with the I/R group; silencing either 
CD36 or ATG7 reversed the antioxidant effect of CD5L on 
hepatocytes (Fig. 5).

Discussion

Liver ischemic injury is of paramount importance in VIO 
applied during liver transaction (29). Liver hypoxia and isch-
emia affect liver cell homeostasis and function, which leads 
to metabolic alterations that may result in apoptosis  (30). 
Ischemic stress‑induced hepatocyte damage and cell death 
subsequently impair liver function (31). The present study 
demonstrated that hepatic injury induced cell damage and 
hepatocyte apoptosis.

CD5L is a 40‑kDa soluble glycoprotein that belongs to the 
scavenger receptor cysteine rich superfamily (32). CD5L is 
involved in a variety of biological processes, such as infection, 
atherosclerosis and apoptosis (11,20). Various disease models, 
including cancer, have demonstrated that CD5L participates 

in cellular functions by preventing apoptosis (33,34). Human 
CD5L has also been demonstrated to inhibit apoptosis in 
liver cancer cell lines in response to cisplatin by inducing 
autophagy (12). A previous study has suggested that CD5L 
serves cytoprotective effects by binding to the CD36 
receptor (16). The results of the present study demonstrated 
that recombinant CD5L exhibited an antiapoptotic effect in 
I/R‑induced apoptosis, and siRNA silencing of CD36 reversed 
this effect, which suggested that CD36 may be involved in the 
cytoprotective effects of CD5L.

Autophagy serves an important role in supporting 
hepato‑cellular viability following I/R injury (21). Promotion 
of autophagy prevents mitochondrial dysfunction and cell 
death following reperfusion (35). A recent study has demon-
strated that increasing the level of autophagy decreases hepatic 
I/R injury (36). Previous studies have reported that CD5L 
increases macrophage survival and liver cancer cell survival 
by enhancing autophagy  (12,16). These data indicate the 
participation of CD5L in promoting autophagy. In accordance 
with this, the results of the present study revealed that CD5L 

Figure 5. CD36 and ATG7 reverse the antioxidant effect of CD5L on hepatocytes. (A‑D) Hepatocytes transfected with siRNA‑CD36, siRNA‑ATG7 or 
siRNA‑NT and cultured under I/R conditions with or without CD5L. Hepatocytes without any treatment were used as controls. (A) Intracellular ROS produc-
tion was analyzed by fluorescence spectrophotometry. Commercial kits were used to determine the levels of (B) SOD, (C) CAT and (D) GSH‑Px activities 
in hepatocytes. Data represent the mean ± SD from three independent experiments. *P<0.05 vs. control; ▲P<0.05 vs. I/R + CD5L; ○P<0.05 vs. I/R + CD5L 
+ siRNA‑NT. DFS, dual fluorescent staining; I/R, ischemia/reperfusion; CD5L, CD5‑like; CD36, cluster of differentiation 36; ATG7, autophagy‑related 7; 
siRNA, small interfering RNA; NT, non‑targeting; ROS, reactive oxygen species; SOD, superoxide dismutase; CAT, catalase; GHS‑Px, glutathione peroxidase.

https://www.spandidos-publications.com/10.3892/etm.2020.8497
https://www.spandidos-publications.com/10.3892/etm.2020.8497


LI et al:  CD5L PROTECTS HEPATOCYTES FROM I/R INJURY 2595

enhanced the expression of LC3B‑II and ATG7 in hepato-
cytes. Additionally, silencing of ATG7, a key component of 
the autophagy signaling network, impaired the antiapoptotic 
effect of CD5L. These results support the hypothesis that 
CD5L promotes autophagy mechanisms in hepatocytes to 
induce an antiapoptotic effect.

Production of ROS, including superoxide, hydrogen 
peroxide and hydroxyl radicals, has been implicated in I/R 
injury  (37). The results of the present study demonstrated 
that I/R induced ROS generation and inhibited antioxidative 
enzyme activity. A previous study has suggested that CD5L 
induces anti‑inflammatory effects by autophagy (20); there-
fore, the inhibitory effect of CD5L on oxidative stress was 
examined in the present study. In accordance with the result 
of previous study, CD5L inhibited the oxidative stress induced 
by I/R. In addition, autophagy is a major regulator of cell 
homeostasis and function through the modulation of oxidative 
stress under ischemic conditions (38); consistent with this, the 
present study revealed that when autophagic flux was blocked 
by ATG7 silencing in hepatocytes, the inhibition of oxida-
tive stress by CD5L was partially reversed, which suggested 
that the CD5L‑induced inhibition of oxidative stress may be 
autophagy‑dependent.

In summary, the results of the present study demonstrated 
a protective effect of CD5L on I/R‑induced hepatic injury 
through a CD36‑dependent autophagic pathway, as well as 
inhibition of oxidative stress. These results indicate that 
CD5L may be a potential candidate for the treatment of I/R 
injury.
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