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REGy deficiency ameliorates hepatic ischemia and reperfusion
injury in a mitochondrial p66shc dependent manner in mice
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Background: Hepatic ischemia and reperfusion (I/R) injury is a common problem faced by patients
undergoing clinical liver transplantation and hepatectomy, but the specific mechanism of liver I/R injury
has not been fully elucidated. The protein degradation complex 11S proteasome is involved in apoptosis,
proliferation and cell cycle regulation by regulating the 11S proteasome regulatory complex (REG)y. The
main objective of this study is to explore the role and specific mechanism of REGy in liver I/R.

Methods: By constructing a model of iz vivo hepatic I/R injury in mice and a model of hypoxia and
reoxygenation (FH/R) in isolated hepatocytes. First, the REGy expression were detected during hepatic I/R
in mice. Second, to investigate the effects of REGy knockout (KO) on liver necrosis, inflammatory response,
apoptosis and mitochondrial function. Finally, mouse liver Src homology collagen (p66shc) mitochondrial
translocation was detected.

Results: The expression of REGY was up-regulated during hepatic I/R. REGy KO had significantly
reduced liver tissue infarct size, liver transaminases, inflammatory cells infiltration, inflammatory cytokine
and activation of nuclear factor kappa-B (NF-«B) signaling pathway and cell apoptosis. REGy KO had
significantly alleviated the mitochondrial damage, decreased the up-regulated level of cytochrome C, reactive
oxygen species (ROS). REGy KO had significantly reduced p66shc mitochondrial translocation in mice.
Conclusions: The experimental results of this study indicated that REGy has an important role in
preventing liver I/R injury and may play a role through the mitochondrial p66shc signaling pathway.

Keywords: Ischemia and reperfusion (I/R); the 11S proteasome regulatory complex v (REGY); p66shc;
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Introduction improve the prognosis of patients in clinical settings, while

the specific mechanisms of hepatic I/R injury have not been
Hepatic ischemia and reperfusion (I/R) injury is one of fully elucidated (3).

the major complications of hemorrhagic shock and liver Hepatic I/R injury is a biphasic phenomenon in which

surgery, including hepatic tumor resection and liver cellular damage caused by the interruption of blood supply
transplantation (1,2). Alleviating liver I/R damage may to tissues during ischemia (4). The blood supply was
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restored after reperfusion and cells switched to aerobic
metabolism, resulted in severe oxidative stress. Hepatocyte
injury or death was I due to energy deprivation, aseptic
inflammation, oxidative stress, and other factors (5,6). Guo
et al. had focused on studying the regulatory mechanisms of
hepatic I/R injury, including Kupffer cells and neutrophils
activation and apoptosis due to mitochondrial damage, and
it has been demonstrated that it was possible to improve
hepatic I/R injury by interventions such as reducing
inflammation (7).

The proteasome is an important way for regulating
protein stability In eukaryotes (8), which comprises a 20S
core subunit and two regulatory units. The 11S proteasome
regulatory complex (REG) binds to 20S to form the REG-
20S-REG complex (9,10). The REG family comprises
REGa, REGB, and REGy. REGa and REG are primarily
expressed in the cytoplasm, whereas REGY is mostly found
in the nucleus, although it has been reported to play a
significant role in the cytoplasm (11).

REGy, also known by other names like PA28y, Ki
antigen, or PSME3, performing various physiological and
pathological regulatory functions through the degradation
of specific target proteins like SRC-3 (12), p21 (13),
CK156 (14), ixBe (15), GSK3p (16), and playing a part in
inflammatory diseases such as testicular inflammation (17),
inflammatory bowel disease (18), systemic lupus
erythematosus (19), and others. Moreover, a recent research
paper discovered that REGY knockdown significantly
suppressed liver tumor formation by regulating mTORCI
and glycolysis during the development of hepatocellular
carcinoma (20), suggesting that REGy may play a significant
role in liver diseases. Nonetheless, the exact part played by
REGy in the hepatic I/R process has not yet been reported.

Highlight box

Key findings
e The 11S proteasome regulatory complex (REG)y has an important

role in preventing liver ischemia and reperfusion (I/R) injury.

What is known and what is new?

* REGy is involved in apoptosis, proliferation and cell cycle
regulation.

* REGy knockout (KO) reduces hepatic I/R injury by reducing

inflammatory response and mitochondrial damage.

What is the implication, and what should change now?
¢ REGy KO prevents hepatic I/R injury and may exert its effect
through the mitochondrial p66shc signaling pathway.
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We present this article in accordance with the ARRIVE
reporting checklist (available at https://tgh.amegroups.com/
article/view/10.21037/tgh-24-46/rc).

Methods
Animals

We maintained REGy”" mice (C57BL/6 genetic
background) intercrossed for over 10 generations to acquire
REGy” mice. C57/BL 6 mice (8 weeks old, 23+2 g) were
purchased from Jihui Laboratory Animal Care Co., Ltd
(Shanghai, China). The mice were housed in a clean room
maintained at 24+2 °C under a 12 h: 12 h light: dark cycle,
with free access to food and water. All experimental animals
were approved by Clinical Center Laboratory Animal
Welfare & Ethics Committee of Shanghai General Hospital,
Shanghai Jiao Tong University (No. 2020AWS0032). All
applicable international, national, and/or institutional
guidelines for the care and use of animals were followed. A
protocol was prepared before the study without registration.

Experimental design

Forty-two mice were completely randomly divided into
four groups: (I) two sham group (n=18), in which mice
underwent sham operation and received saline; (II) two I/R
group (n=24), in which mice were subjected to hepatic I/R
and received saline.

Hepatic I/R model

As described, we used an established partial 75% liver warm
I/R model (21). In brief, Firstly, anesthetize the mice, and
then use microvascular clamping to supply blood to the
portal vein and hepatic artery in the left and middle lobes of
the liver. After 60 minutes of partial liver ischemia, remove
the clamp to start different reperfusion time points.

Isolation of primary bepatocytes

As mentioned earlier (21,22), primary liver cells were
isolated from the liver and cells with a survival rate higher
than 90% were used for further experiments.

Hypoxia and reoxygenation (H/R) model

To simulate iz vivo I/R models and explore the underlying
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molecular mechanisms, we constructed an iz vitro H/R
model of liver cells. The liver cells were incubated in a pH
6.2 culture medium in an anaerobic chamber for 4 hours. To
simulate the physiological pH of reperfusion, the anaerobic
Krebs-Ringer-HEPES (KRH) at pH 6.2 was replaced
with aerobic KRH at pH 7.4, and the cells were incubated
in different aerobic environments. The corresponding
processing was performed after the interval. this model was
similar to those reported before (23).

Histopathology

The collected liver tissues were soaked in 4%
paraformaldehyde for 48 h and then embedded in paraffin.
Liver sections were stained with Hematoxylin-eosin staining
(H&E). The severity of liver I/R tissue damage was assessed
according to percentage of necrotic area.

Aminotransferase assessment

As indices of hepatocellular injury, the serum and liver
tissue levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured with ALT and AST
microplate test kit. The AL'T and AST microplate test kits
(Jiancheng Biotech, C009-2-1, China).

Western blot (WB)

Samples were lysed using RIPA lysis buffer. Significant
amounts of proteins (50-60 pg) were separated by Lamide
gel electrophoresis. Polyvinylidene difluoride (PVDF)
protein transfer membranes were immobilized with 3%/5%
skim milk or BSA for 2 hours. The membranes were then
incubated with specific primary antibodies overnight at 4 °C
and with HRP-conjugated secondary antibodies for 2 hours
at RT. Finally, the PVDF membranes were washed with PBS
for 1 hour. Immunoreactive bands were visualized using
the BIORAD ChemiDoc XRS system, and densitometric
analysis was performed using Image ] software. Primary
antibodies as following: 78-82 Kda hosphor-DRP1 Rabbit
1:1000, CST (Shanghai, China); 83 Kda DRP1 Rabbit
1:1000, Abcam (Shanghai, China); 61/55 Kda hosphor-NF-
kB p65 Rabbit 1:1000, Bioss (Beijing, China); 65 Kda NF-
kB p65 Rabbit 1:2000, Bioss; 36 Kda p-IxBa Rabbit 1:2000,
CST; 36 Kda IkBa Rabbit 1:2000, CST; 35 Kda Caspase-3
Rabbit 1:1000, CST; 17/19 Kda Cleaved Caspase-3 Rabbit

© AME Publishing Company.

Page 3 of 13

1:1000, CST; 21 Kda BCL2-associated X protein (BAX)
Rabbit 1:1000, Proteintech (Wuhan, China); 26 Kda B-cell
lymphoma-2 (BCL-2) Rabbit 1:1000, Proteintech; 42 Kda
B-actin Mouse 1:5000, Proteintech; 63/67-75 Kda p66shc
Rabbit 1:1000, Proteintech; 63/55 Kda p-ser36 p66shc
Mouse 1:1000, Abcam; 36 Kda GAPDH Rabbit 1:5000,
Affinity (Nanjing, China); 12-15 Kda Cytochrome C
Mouse 1:5000, Proteintech; 17-18 Kda COXIV Rabbit
1:5000, Proteintech; 35 REGy Rabbit 1:2000, Proteintech.

Liver tissue immunofluorescence

Immunohistochemical staining was performed using specific
antibodies against Ly-6G (Servicebio, GB11229, Wuhan,
China), F4/80 (Servicebio, GB11027), cleaved caspase-3
(CST, Aspl75). Incubation with the respective primary
antibody was carried out at 4 °C for 2 h, followed by sealing
with an anti-fluorescence quenching mounting medium
containing DAPI. Micrographs of liver slices were captured
using a Leica DMi8 microscope, and fluorescence analysis
was conducted using Image ] software.

Flow cytometry (FCM)

The infiltration of neutrophils and macrophages in the liver
of mice was determined by FCM. Fluorescence binding
PE-anti-Ly-6G (eBioscience, 12-5931-81, San Diego, CA,
USA) were used to label neutrophils, FITC-anti-F4/80
(BioLegend, 123127, San Diego, CA, USA) antibodies were
used to label macrophages.

Quantitative real-time polymerase chain reaction (qRT-
PCR)

Following the extraction of RNA from the liver using Trizol,
cDNA was generated by reverse transcription of RNA (1
pg) using the 2x S6 Universal SYBR qPCR Mix (#Q204-02,
EnzyArtisan). The following primer sequence was used for
reverse transcription of cDNA into complementary DNA:
IL-1B, 5'-GAAATGCCACCTTTTGACAGTG-3' and
5'-TGGATGCTCTCATCAGGACAG-3';

TNF-0, 5'-CAGGCGGTGCCTATGTCTC-3" and
5'-CGATCACCCCGAAGTTCAGTAG-3';

IL-6, 5'-CTGCAAGAGACTTCCATCCAG-3" and
5'-AGTGGTATAGACAGGTCTGTTGG-3';

18S, 5'-TTCCGATAACGAACGAGACTCT-3" and
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5'-"TGGCTGAACGCCACTTGTC-3".

Terminal deoxynucleotidyl transferase mediated dUTP
nick-end labeling ('UNEL)

TUNEL kit (Servicebio, G1504) was used to detect liver
apoptosis. In short, use this technique to stain paraffin
embedded liver tissue sections. tissue sections were cultured
in TUNEL reaction mixture. Then, it was stained with
4 6-diamino-2-phenylindole (DAPI). The apoptotic index
TUNEL positive cell number/total liver cell number was
calculated for each mouse.

Observation of liver mitochondria

The mitochondria of mice liver were detected by
Transmission Electron Microscope (TEM). Following a
24 h fixation period with 2.5% glutaraldehyde, fresh mouse
livers were treated with 1% osmium tetroxide for one
hour and then dehydrated with a graded alcohol series.
Subsequently, lead citrate and uranyl acetate were applied
to stain the Epon resin embedded particles. The average
diameter of mitochondria was used for statistical analysis of
mitochondrial division and fusion status.

Mitochondrial membrane potential (FC-1)

The transition from JC-1 aggregates red to JC-1
monomeric green fluorescence indicates a decrease in cell
membrane potential. In brief, the mitochondrial membrane
potential detection kit (JC-1) was procured from Beyotime
Biotechnology Co., Ltd. (C2006, Shanghai, China). The
reduction in mitochondrial membrane potential can be
quantified by the transition of JC-1 from red to green
fluorescence. The probe loading procedure is as follows:
The 6 well plate cells that have undergone H/R treatment
should be removed and 1ml of JC-1 staining solution
added. The cells should then be incubated at 37 °C in a cell
culture incubator for 20-30 min. Following the incubation
period at 37 °C, and the cells should be washed twice
with JC-1 staining buffer (1x). A volume of 2 mL of cell
culture solution should then be added, and the cells should
be observed under a fluorescence (Lecia, DMi8, Berlin,
Germany). and Image] software was utilized to quantify the
fluorescent intensity.

© AME Publishing Company.
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Reactive oxygen species (ROS) detection

ROS content in hepatic cells was evaluated with a
fluorometric ROS kit (Beyotime Biotechnology Co., Ltd.
S0033S). In 24-well plates, hepatic cells were seeded and
pretreated with the H/R model as depicted, hepatocytes
were incubated with 2°,7’-dichlorodihydrofluorescein
diacetate (DCFH-DA) for 1h in the dark, after which they
were washed with PBS. Photomicrographs of cells were
captured with the fluorescence microscope (Lecia, DMi8).

Statistical analysis

All data are expressed as the mean * standard deviation
(SD). Statistical analysis was performed using SPSS
Statistics version 17.0 Program (SPSS Inc., Chicago, USA).
Graphs were plotted by Prism 7.0 (GraphPad Software,
San Diego, CA, USA). The differences among the groups
were compared by one-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison test. P<0.05 was
considered statistically significant.

Results

REGy expression is significantly up-regulated during
bepatic I/R injury

In order to verify the specific expression of REG family
in mouse liver I/R model, the expression of REG family
in liver tissue was detected. The results showed that, the
expression of REGy in liver tissue was up-regulated at 6
and 12 h of hepatic I/R, while the expression of REGao and
REGSP did not change significantly (Figure 1A4,1B). The
expression of REGy was assessed via immunohistochemistry
and found to be significantly upregulated (Figure 1C,1D).
To further explore whether the up-regulation of REGy
occurred in hepatocytes, we performed an in vitro H/R
experiment in hepatocytes. The results demonstrated that
consistent with iz vive findings (Figure 1E,1F).

REGy™ alleviates bepatic I/R injury in mice

HE staining was initially performed. Notably, mice in the
REGy”"-I/R group displayed a significantly smaller infarct
area compared to WT-I/R group (Figure 2A4,2B). Secondly,
we tested the levels of ALT/AST in serum and liver tissue,
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the REGy”"-I/R group exhibited significantly lower levels
of transaminases than WT-I/R group (Figure 2C,2D).

REGy™ alleviates inflammatory response during bepatic 1/
R injury
To investigate the impact of REGy on the inflammatory
response in hepatic I/R injury, we assessed neutrophils
and macrophages infiltration in liver tissue using
immunofluorescence and FCM. The results revealed that
the REGy”"-I/R group exhibited significantly reduced
neutrophil infiltration in liver tissue when compared to
WT-I/R group (Figure 34-3D). And then the infiltration
of macrophages in the REGy”"-I/R group was significantly
reduced compared with WT-I/R group (Figure 3E-3H).
Additionally, the mRNA expression levels of
inflammatory factors (IL-1B, IL-6, TNF-a) in liver tissues

© AME Publishing Company.

were assessed using PCR. The findings revealed that the
levels were significantly reduced in the REGy”-I/R group
compared to WT-sham group (Figure 3I).

Finally, WB revealed in vivo activation of the NF-xB
inflammatory signaling pathway. The results demonstrated
that the phosphorylation levels of IkBa and p65 NF-«xB
were significantly lower in the REGy”"-I/R group compared
to WT-I/R group (Figure 37,3K).

REGYy™" inhibits cell apoptosis during bepatic I/R injury

In order to explore the effect of REGy on apoptosis of liver
I/R, we first used fluorescent TUNEL staining to detect
the changes of apoptosis, and the results showed that the
apoptosis of cells in the REGy”-I/R group was significantly
reduced compared with the WT-I/R group (Figure 44,4B).
Secondly, WB was used to detect the changes of
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apoptosis-related proteins. The results showed that the
levels of anti-apoptotic protein (BCL-2) in the REGy”™-I/R
group were significantly higher than WT-I/R group, while
the levels of apoptosis-associated protein (BAX and cleaved
caspase3) were significantly lower than WT-I/R group
(Figure 4C,4D).

Finally, immunofluorescence was used to detect the
protein expression of cleaved caspase3, and the results
showed that the cleaved caspase3 levels in the REGy™ -1/
R group was significantly lower than WT-I/R group
(Figure 4E,4F).

REGy™ protects bepatocytes from mitochondrial injury
during bepatic I/R injury

We first used transmission electron microscopy to analyze
mitochondrial morphology, and the results showed that:
all hepatocyte mitochondria in the WT-I/R group had
obvious structural damage (mitochondrial swelling, ridge
disappearance, membrane dissolution, and even vacuolar
appearance) and severe mitochondrial division, which
was manifested as a significant decrease in mitochondrial
diameter. However, mitochondrial damage and division in

© AME Publishing Company.

the REGy”"-I/R group were significantly reduced compared
with WT-I/R group (Figure 54,5B).

Secondly, WB verified the expression of proteins related
to mitochondrial division and fusion in the liver I/R, and the
results showed that the expression level of phosphorylated
DRPI1 (Ser637) in REGY”"-I/R group was significantly
higher than WT-I/R group, while the expression level of
total protein DRP1 was significantly lower than WT-I/R
group (Figure 5C,5D).

Subsequently, WB was used to verify the expression
of cytochrome C in the liver I/R, and the results showed
that the level of cytochrome C in the REGy”"-I/R group
was significantly lower than that in the WT-I/R group
(Figure SE,5T).

Finally, fluorescent staining was used to detect the
changes of JC-1 and ROS in primary hepatocytes. The
results showed that JC-1 aggregates/monomers fluorescence
ratio in REGY”"-H/R group was significantly higher than
WT-H/R group (Figure 5G,5H). In addition, ROS activation
in hepatocytes of REGy”-H/R group was significantly
decreased compared with WI-H/R group (Figure 51,57).
These results suggest that REGy™" can alleviate mitochondrial
dysfunction and oxidative stress in mouse liver I/R.
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* P<0.05 vs. WI-I/R group. I/R, ischemia and reperfusion; WT, wild type; REG, the 11S proteasome regulatory complex; BCL-2, B-cell
lymphoma-2; BAX, BCL2-associated X protein; TUNEL, terminal deoxynucleotidyl transferase mediated dUTP nick-end labeling; WB,

Western blot.

REGy™ reduces p66shc mitochondrial translocation during
bepatic I/R injury

WSB of p66shc expression and phosphorylation levels in vivo
showed that the total protein p66shc and phosphorylation
p66shc in the REGY”-I/R group were significantly lower
than WT-I/R group (Figure 64,6B). In addition, p66shc in
mitochondria of the REGy”-I/R group was significantly
lower than WT-I/R group (Figure 6C,6D). These results

© AME Publishing Company.

suggest that REGy™™ can improve the activation of p66shc
and reduce its mitochondrial translocation during hepatic I/

R in mice.

Discussion

It has been demonstrated that REGy KO mice exhibit
enhanced autophagy and reduced hepatic steatosis through
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Figure 5 REGy™" inhibits hepatic mitochondrial injury in mice. I vivo experiment: Transmission electron microscopy, magnification
12,000x%, scale bar 500 nm (A), Mitochondrial average diameter analysis (B); WB of p-DRP/DRP (C), gray value analysis (D); WB of
Cytochrome C (E), gray value analysis (F); n=5 per group, *, P<0.05 vs. WT-Sham group; *, P<0.05 vs. WT-I/R group. In vitro experiments:
JC-1 fluorescence staining 20x and MFT analysis (G,H). ROS fluorescence staining was performed 20x, and MFI analysis (I]). n=5 per
group, *, P<0.05 vs. WT-control group; *, P<0.05 vs. WT-H/R group. I/R, ischemia and reperfusion; WT, wild type; REG, the 11S
proteasome regulatory complex; DRP, dynamin related protein 1; ROS, reactive oxygen species; WB, Western blot; MFI, mean fluorescence
intensity; H/R, hypoxia and reoxygenation.
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the upregulation of autophagy. Therefore, REGy represents
a potential therapeutic target for lipid metabolism disorders.
In contrast, the REGa and REGP did not exert similar
effects (18). REGY expression was examined to investigate
the role of REGy in liver I/R injury. Our findings revealed
that: during hepatic I/R injury, REGY protein expression
exhibited a marked increase while REGa and REGp
expressions remained unchanged.

Ischemic injury triggers aseptic immunoinflammatory
response characterized by recruitment of Kupffer cells
and neutrophils (24,25). The increased production of
inflammatory factors further exacerbated hepatocyte
death (26). Furthermore, the NF-«B signaling pathway
plays a pivotal role in the progression of liver I/R injury,
upon stimulation by I/R injury, NF-kB can be activated
while IxB was inhibited and degraded, leading to the up-
expression of proinflammatory mediators that contribute
to hepatic damage (27). Therefore, we initially investigated
the inflammatory response and found that REGy KO
significantly attenuated inflammatory cell infiltration,
reduced pro-inflammatory cytokine release, and suppressed
NF-«B signaling pathway phosphorylation levels.

In addition to inflammatory damage, apoptosis emerges
as a crucial process associated with liver I/R injury (28,29).

© AME Publishing Company.

Therefore, we observed cellular apoptosis during liver 1/
R injury. The results demonstrated that REGy KO mice
exhibited significantly reduced levels of apoptosis. In
conclusion, the deletion of the REGY gene may exert
a protective role in hepatic I/R injury by suppressing
apoptosis.

Mitochondria are the most significant cellular organelles
for adenosine triphosphate (ATP) generation, playing a
vital role in regulating cellular redox, lipid metabolism,
energy homeostasis and programmed cell death (30). The
depletion of oxygen and nutrients during hepatic ischemia
causes an extreme shortage of ATP in cells, which leads to
the accumulation of ROS and acidic metabolites (31,32).
Oxidative stress and calcium overload may promote the
opening of mitochondrial transition pores with high
permeability and the subsequent increase of mitochondrial
membrane permeability. Additionally, cytochrome C,
apoptotic proteins (such as BAX and caspase3) can be
released from the intermembrane compartment (33),
and eventually the cell becomes apoptotic or necrotic
due to mitochondrial damage (34,35). Our findings
demonstrate that REGy KO leads to a significant reduction
in the expression level of cytochrome C and significantly
attenuated mitochondrial oxidative stress injury and
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preserved mitochondrial membrane potential.

Dynamin related protein 1 (DRP1) plays a pivotal role
in the division of mitochondrial. Upon phosphorylation
at Ser637, DRP1 inhibits mitochondrial fission (36,37). In
line with our electron microscopy findings, we observed
a significant increase in the phosphorylation of DRP1 at
Ser637 upon REGy KO, suggesting that mitochondrial over
division was inhibited by REGy KO.

The bridging protein p66shc was encoded by the shcl
gene, is an important mitochondrial oxidoreductase (38,39).
During the I/R process, the expression and phosphorylation
levels of p66shc were up-regulated. Phosphorylated
p66shc was further translated into mitochondria to oxidise
cytochrome C and promote the production of ROS (40,41).
However, whether REGy contributes to mitochondrial
oxidative stress damage by affecting p66shc phosphorylation
levels and mitochondrial translocation is unclear. Our
findings demonstrate that during hepatic I/R, REGy KO
mice exhibit reduced total protein and phosphorylation
levels of p66shc as well as decreased mitochondrial
translocation of this protein.

Based on the aforementioned experiments, we have
confirmed that REGy deficiency mitigates hepatic I/R
injury in a mitochondrial p66shc dependent manner in
mice. However, this study still has certain limitations and
shortcomings. Firstly, further experiments are required to
verify the signal molecules through which REGy exerts
its role in p66shc mitochondrial translocation. Secondly,
my study did not explore the specific binding sites of each
molecule, phosphorylation site, or block p66she to validate
the biological effect. Thirdly, the mechanism by which
REGy is transported from the nucleus to the cytoplasm and
exerts its action remains unexplored.

Conclusions

Hepatic I/R injury remains a clinical challenge with limited
effective intervention strategy. The findings of this study
demonstrate that REGY can modulate hepatic I/R injury,
as evidenced by the significant reduction in liver injury,
apoptosis, inflammatory response, and mitochondrial
dysfunction observed upon REGy KO. In addition, REGy
KO may exert an inhibitory effect on hepatic I/R injury
through the regulation of mitochondrial p66shc-associated
oxidative stress. These results contribute to a better
understanding of the fundamental molecular mechanisms

underlying hepatic I/R injury.

© AME Publishing Company.
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