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Objective(s): Hepatic ischemia-reperfusion (HIR) is a severe process in pathophysiology that occurs 
clinically in hepatectomy, and hepatic transplantations. The present study aimed to investigate the 
effect of PKC θ deletion against HIR injury and elucidate its mechanism in pathophysiology.
Materials and Methods: HIR injury was induced in wild-type and PKC θ deletion mice treated with 
or without heme.  The ALT and AST levels were determined to evaluate liver function. HIR injury was 
observed via histological examination. Oxidative stress and inflammatory response markers, and 
their signaling pathways were detected.
Results: The study found that PKC θ knockout decreased serum AST and ALT levels when compared 
to the WT mice. Furthermore, heme treatment significantly reduced the ALT and AST levels of the 
PKC θ deletion mice compared with the untreated PKC θ deletion mice. PKC θ deletion markedly 
elevated superoxide dismutase activity in the liver tissue, reduced malondialdehyde content in the 
tissue, and the serum TNF-α and IL-6 levels compared with the WT mice. Heme treatment was 
observed to elevate the activity of SOD and reduced MDA content and serum of TNF-α and IL 6 in the 
PKC θ deletion animals. Meanwhile, heme treatment increased HO-1 and Nrf 2 protein expression, 
and reduced the levels of TLR4, phosphorylated NF-κB, and IKB-α.
Conclusion: These findings suggested that PKC θ deletion ameliorates HIR, and heme treatment 
further improves HIR, which is related to regulation of PKC θ deletion on Nrf 2/HO-1 and TLR4/
NF-κB/IKB α pathway.
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Introduction
Hepatic ischemia/reperfusion (HIR) results from blood 

deprivation of the liver following restoration of blood 
flow. During IR, a shortage of oxygen and nutrient supply 
caused by ischemia leads to tissue and cell damage, and 
subsequent restoration of blood perfusion results in more 
serious damage to tissue and cells. Hepatic IR injury is a 
complex pathophysiological process that occurs clinically 
in hepatectomy, hepatic transplantations, liver trauma 
surgery, and resuscitation from shock (1, 2). Although 
the mechanism responsible for hepatic IR injury is not 
yet elucidated, several factors and signaling systems have 
been demonstrated to play an important role in the injury. 
Some studies have demonstrated that hepatic ischemia 
and reperfusion increase the generation of reactive oxygen 
species (ROS) and proinflammatory factors, including 
tumor necrosis factor (TNF)-α and interleukin (IL)-1 via the 
Toll-like receptor (TLR)4/ nuclear factor kappa B (NF-κB) 
pathways, contributing to the progress of hepatic ischemia/
reperfusion injury (3-6).

Protein kinase C (PKC), a group of protein kinases that 
are characterized by phospholipid-dependence and serine/
threonine, includes various isozymes that are grouped into 

three subfamilies due to their different feature: conventional 
or classic PKC isozymes (cPKCs) such as PKC α and γ, 
novel or non-classic PKC isozymes (nPKCs) such as PKC 
θ, η, and δ, and atypical PKC isozymes (aPKCs) including 
PKC λ, ι and ζ (7, 8). PKCs play important roles in multiple 
signal pathways and are implicated in cell differentiation, 
proliferation, migration, regulation of gene expression, 
extracellular matrix proteins, and apoptosis (9, 10). PKCs 
are confirmed to be involved in various pathophysiological 
processes, including Alzheimer’s disease, cardiovascular 
diseases, and cancers (8, 9). Further evidence showed that 
inhibition of some PKC isozymes exerts protective effects 
on ischemia/reperfusion injury, PKC ζ and δ inhibition 
attenuate cardiac and brain ischemia/reperfusion injury, 
respectively (11).

PKC θ, one of PKC isozymes, is expressed in T-cells, 
skeletal muscle cells, and platelets. PKC θ exerts pivotal 
roles in several inflammatory diseases through modulation 
of T-cell activation such as allergic lung inflammation, 
and multiple sclerosis. (12). Further studies showed 
that inhibition or down-regulation of PKC θ improves 
regeneration of muscle stem cells, anti-asthmatic activity, 
and ulcerative colitis (13-15). However, our colleagues 
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and students wondered if and how PKC θ is involved in 
the pathophysiological processes of hepatic ischemia/
reperfusion injury, and how PKC θ regulates hepatic 
ischemia/reperfusion injury in pathophysiology. PKC θ 
deficient mice were often used to illustrate the mechanism 
of PKC θ in the pathogenesis of disease (16).

To make our colleagues and students understand the 
effect of PKC θ in ischemia/reperfusion injury, this study 
aims to investigate the mechanism of PKC θ in hepatic 
ischemia/reperfusion injury in PKC θ gene knockout mice.

Materials and Methods 
Materials

Sodium pentobarbital and heme were the products of 
Sigma (St Louis, USA). Specific-TNF-α and IL-6 ELISA kits 
were products of Hefei Bomei Biotechnology CO., LTD, 
(Hefei, China). Assay kits of MDA and SOD detection were 
obtained from Nanjing Jiancheng Bioengineering Institute 
(Nanjing, China). Antibodies used in this experiment were 
purchased from Cell Signaling Technology Inc (Boston, 
USA). IgG goat anti-rabbit secondary antibodies were 
obtained from Wuhan Boster Biological Technology, Ltd 
(Wuhan, China).

Animals and the study protocol
PKC θ knockout C57BL/6 mice were purchased from 

Shanghai Genechem Co., LTD (Shanghai, China). Wild-
type (WT) mice were obtained from Changsha Tianqin 
Biotechnology Co., Ltd (Changsha, China). An animal 
model of Hepatic ischemia/reperfusion (I/R) injury was 
implemented as reported in previous research (17). Firstly, 
the mice were anesthetized with pentobarbital sodium (IP, 
45 mg/kg), and an incision in the midline of the abdomen 
was performed to open the abdomen. The conjunct blood 
vessel towards the left and middle liver lobes was separated 
and clamped using an atraumatic clip to establish a liver 
ischemia model. After 1 hr of ischemia, the clip was removed 
for a reperfusion period of 6 hr. To explore the mechanisms 
of the effect of PKC θ deletion on liver ischemia/reperfusion 
injury, PKC θ knockout and WT mice were treated with 
heme (20 μg/kg) once to induce heme oxygenase-1 (HO-1) 
before a week of liver ischemia/ reperfusion according to 
aforementioned methods (18). 

Sample preparation
After the reperfusion period of 6 hr, blood was obtained, 

and centrifugation of 1000 g for 10 min was performed 
to separate the serum. The serum was used to determine 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), and cytokines. Part of the left liver was obtained 
and fixed in the 10% neutral formalin for histopathological 
examinations. Other liver samples were collected and stored 
at 80 °C for western blot analysis.

Liver function analysis
To assess liver function, AST and ALT levels in serum 

were determined with an automated biochemical analyzer.

Assessment of oxidative stress
The liver was homogenized and lysed in phosphate-

buffered saline (PBS, pH 7.4) on ice. The lysis solution 
was separated via centrifugation of 1000 g for 15 min 
at 4 °C. The supernatant was collected and used to detect 

antioxidant enzyme SOD activity and the lipid peroxidation 
product malondialdehyde (MDA) content for assessment of 
oxidative stress in the liver. SOD activity and MDA content 
were determined using biodiagnostic assay kits.

Inflammatory response analysis
Serum inflammatory factors, such as NF-α and IL-6 were 

measured with specific- NF-α and IL-6 ELISA kits according 
to the manufacturer’s protocol.

Assessment of histology
Fixed liver tissues were dehydrated and embedded in 

paraffin. Liver tissue sections were cut into 5-μm thickness 
and stained with hematoxylin for 5 min and subsequently 
eosin for 3 min at 25 °C. Morphometric features of the liver 
were observed under a light microscope.

Immunofluorescence assay
After rinsing 3 times with PBS-T, liver tissue sections 

were incubated with 5% horse serum to block non-specific 
sites. Furthermore, the sections were incubated with the 
following specific antibodies: Caspase 3 and NF-κB primary 
antibodies (1:100) overnight at 4 °C. After being washed 
3 times with PBS, the sections were incubated with FITC 
conjugated secondary antibody (1:500)(Biosharp, Hefei, 
China). The sections were analyzed with a laser confocal 
TCSSP8 microscope.

Western blot
Mice liver tissues were lysed in ice-cooled homogenization 

buffer (20 mmol/l Tris, 1 mmol/l EDTA, 2 mmol/l EGTA, 
150 mmol/l sodium chloride) containing 2 mmol/l PMSF, 
2 μg/ml leupeptin, and 2 μg/ml aprotinin. The homogenate 
was centrifugated at 12000 g for 15 min at 4 °C. Protein in the 
supernatants was determined with a BCA kit according to 
the manufacturer’s instruction. Protein in the supernatants 
was separated using sodium dodecyl-sulfate polyacrylamide 
gel electrophoresis and then electrophoretically transferred 
to PVDF membranes. The membranes were immersed 
into 5% skimmed milk containing the following specific 
antibodies: β-actin, HO1, Nrf 2, IKBα, p- IKBα, NF-κB, and 
pNF-κB overnight at 4 °C, respectively. After rinsing with 
PBS, the membranes were incubated with HRPconjugated 
goat antirabbit IgG secondary antibodies. Target protein 
was shown using the chemiluminescence detection kit 
(Beijing labgic Biotechnology CO., LTD. Beijing, China) in 
accordance with the manufacturer’s protocol.

Statistical analysis
The experimental data are expressed as means ± standard 

deviation (SD). Statistical differences between groups 
were carried out by an unpaired Student’s t-test or one-
way analysis of variance (ANOVA) and corrected using a 
Bonferroni/Dunn test. GraphPad Prism (Version 7.00) 
was used to process the experimental data. P<0.05 was 
considered statistically significant.

Results 
Features of ischemia/reperfusion

To elucidate the pathophysiological role of PKC θ in 
hepatic ischemia/reperfusion (HIR) injury, a model of HIR 
injury was prepared in PKC θ deletion mice. Therefore, 
the expression of PKC θ protein was detected in the mice, 
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the results showed that PKC θ protein expression was not 
observed in the PKC θ deletion mice (Figure 1B).

Before ischemia, the livers are red. The livers gradually 
became grey after ischemia, and crimson following 
reperfusion (Figure 1A).

Changes in liver function markers
In this study, we trialed whether PKC θ knockout protected 

against HIR injury. The PKC θ deletion significantly reduced 
the markers of liver function such as serum ALT and AST 
in the HIR PKC θ deletion when compared to the HIR WT 
mice (Figure 2). Furthermore, to explore the mechanism of 
PKC θ deletion the pathophysiology of the HIR injury was 
explored, therefore induction of heme oxygenase by heme 
in the HIR mice was used to investigate the changes of the 
HIR injury. Heme was observed to significantly reduce the 
serum levels of markers of liver function in the HIR PKC θ 
deletion or WT mice when compared to untreated PKC θ 
knockout or WT mice (Figure 2), respectively. Additionally, 
the serum levels of markers of liver function were decreased 
in the heme-treated HIR PKC θ deletion mice compared 
with the heme-treated WT mice (Figure 2).

Assessment of antioxidative activities
To detect the effect of PKC θ deletion on oxidative 

stress, the lipid peroxidation and oxidative stress marker 

malondialdehyde (MDA) and the antioxidant marker 
superoxide dismutase (SOD) were determined in the livers. 
As shown in Figure 3, the content of MDA in the liver 
tissues was significantly reduced, and SOD activity was 
enhanced in the HIR PKC θ deletion mice when compared 
to the HIR WT mice in the liver. Moreover, heme treatment 
decreased the MDA level, and increased SOD activity in the 
WT mice compared with untreated WT mice in the liver. 
Treatment with heme also lowered the content of MDA and 
raised SOD activity in the HIR PKC θ deletion mice when 
compared to the untreated PKC θ deletion mice and the 
heme-treated WT mice.

To further discuss the mechanism of PKC θ deletion on 
pivotal antioxidant defense regulators in HIP injury, the 
expression of HO-1 and Nrf2 was evaluated (Figure 3C). 
The results demonstrated that PKC θ deletion markedly 
elevated the HO-1 (Figure 3D) and Nrf2 (Figure 3E) protein 
expression compared to the WT mice, heme treatment 
was also observed to elevate the HO-1 and Nrf2 protein 
expression compared with the untreated PKC θ deletion 
mice and the heme-treated WT mice (Figure 3D, E).

Inflammatory cytokines
Inflammation has been demonstrated to play a pivotal 

effect in the development of HIR injury (19). Therefore, 
the proinflammatory factors, including TNF-α and IL-6, 

Figure 1. Feature of hepatic ischemia/reperfusion injury. (A) Feature of hepatic ischemia/reperfusion injury. (B) Expression of PKC θ protein in the liver
WT: wild-type mice; KO: PKC-θ knockout mice, WH: wild-type mice treated with heme; KH: PKC-θ knockout mice treated with heme

Figure 2. Changes of hepatic function markers. (A) ALT activity. (B) AST activity
**P-value<0.01 compared with WT mice; $$ P-value<0.01 compared with KO mice; ##P-value<0.01 compared with WH mice
ALT: alanine aminotransferase; AST: aspartate aminotransferase; WT: wild type mice; KO: PKC-θ knockout mice; WH: wild type mice treated with heme; KH: PKC-θ knockout 
mice treated with heme
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were determined to estimate if PKC θ deletion attenuates 
inflammatory response induced by HIR. Our results 
showed that PKC θ deletion reduced serum TNF-α and IL-6 
levels induced by HIR compared to the WT mice (Figure 
4). Treatment with heme significantly decreased the serum 
TNF-α and IL-6 levels in the HIR PKC θ deletion mice 
compared with the untreated PKC θ deletion mice and the 
heme-treated WT mice (Figure 4).

Histopathological assessment
The histopathological examination of the liver of the 

HIR WT mice showed a poor hepatic architecture with 
swollen hepatocytes, disorder cords, and dilated sinusoids 
with vacuolation, together with focal pale eosinophilic 
area. Inflammatory cell infiltration and severe dilation and 
congestion of the central vein were observed in the liver 
of the HIR WT mice. Impairment of hepatic architecture 
was attenuated in the PKC θ deletion mice and the treated 
WT mice with heme when compared to the HIR WT 
mice. Additionally, dilation and congestion of the central 
vein in the livers were reduced in the PKC θ deletion mice 
and the treated WT mice with heme. Furthermore, the 
histopathological lesions were markedly regressed when 
compared to the PKC θ deletion mice, and the central vein 
was lightly dilated and congested (Figure 5A, B).

The degenerated areas within the hepatic lobules showed 
a significant decrease in the PKC θ deletion mice when 

compared to the WT mice (Figure 5C). In addition, HIR PKC 
θ deletion mice treatment with heme markedly decreased 
the degenerated areas compared with the untreated PKC θ 
deletion mice and the heme-treated WT mice with heme 
(Figure 5C).

Immunofluorescence analysis
Immunofluorescence results showed that more staining 

spots for NF-κB and caspase 3 were observed in the HIR 
WT mice than in the PKC θ deletion mice and the treated 
WT mice with heme. Meanwhile, Treatment with heme 
reduced staining spots for NF-κB and caspase 3 staining in 
the liver section of the PKC θ deletion mice when compared 
to the untreated gene deletion mice and the WT mice 
treated with heme. The findings suggested that the gene 
deletion attenuated the HIR injury by elevating the anti-
inflammatory effect and antioxidation (Figure 6).

Effect of PKC θ knockout on related protein expression
PKC θ deletion markedly decreased the expressions 

of TLR4 and phosphorylated NF-κB and IKB-α when 
compared to the WT mice (Figure 7). Treatment with heme 
to PKC θ deletion mice further decreased the expressions 
of TLR4 and phosphorylated NF-κB and IKB-α compared 
with the untreated knockout mice and treated WT mice 
with heme (Figure 7).

Figure 3. Effect of PKC-θ knockout on oxidative stress. (A) SOD activity in the liver. (B) MDA level in the liver. (C) Expression of HO-1 and Nrf 2 in the 
liver. (D) Relative level of HO-1. (E) Relative level of Nrf 2
**P-value<0.01 compared with WT mice; $$ P-value<0.01 compared with KO mice; ## P-value<0.01 compared with WH mice
WT: wild-type mice; KO: PKC-θ knockout mice; WH: wild-type mice treated with heme; KH: PKC-θ knockout mice treated with heme

Figure 4. Effect of PKC-θ knockout on inflammatory factors. (A) TNF α level in serum. (B) IL-6 level in serum
**P-value<0.01 compared with WT mice; $$ P-value<0.01 compared with KO mice; ## P-value<0.01 compared with WH mice
WT: wild-type mice; KO: PKC-θ knockout mice; WH: wild-type mice treated with heme; KH: PKC-θ knockout mice treated with heme
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Figure 5. Morphological changes in the liver. (A) Liver tissues stained with HE (100×). (B) Liver tissues stained with HE (400×). (C) Degenerated area of 
the liver
**P-value<0.01 compared with WT mice; $$ P-value<0.01 compared with KO mice; ##P-value<0.01 compared with WH mice
WT: wild-type mice; KO: PKC-θ knockout mice; WH: wild-type mice treated with heme; KH: PKC-θ knockout mice treated with heme

Figure 6. Immunofluorometric analysis. (A) NF-κB immunofluorescence. (B) Caspase 3 immunofluorescence
WT: wild-type mice; KO: PKC-θ knockout mice; WH: wild-type mice treated with heme; KH: PKC-θ knockout mice treated with heme

Figure 7. Effect of PKC-θ knockout on protein expression. (A) Expression of TLR4, p-NF κB, and p-IκB α in the liver. (B) Relative level of TLR 4. (C) Relative 
level of p-NF κB. (D) Relative level of p-IκB α
*P-value<0.05, **P-value<0.01 compared with WT mice; $$ P-value<0.01 compared with KO mice; ## P-value<0.01 compared with WH mice
WT: wild-type mice; KO: PKC-θ knockout mice; WH: wild-type mice treated with heme; KH: PKC-θ knockout mice treated with heme
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Discussion
HIR injury is a complicated fatal process in 

pathophysiology and results from the interruption of blood 
flow in the liver, following restoration, which leads to hepatic 
damage and hepatocyte death (20, 21). At present, there are 
few effective strategies for the treatment of HIR injury due 
to lacking mechanisms responsible for HIR injury (22). 
In the current study, we investigated the effect of PKC θ 
deletion on HIR injury and its possible mechanism. The 
results from the current study showed that PKC θ deletion 
reduced the hepatic function marker serum ALT and AST 
levels, attenuated hepatic injury, elevated the SOD activity 
and the Nrf2 and HO-1 protein expression, and reduced 
MDA content, serum levels of TNF-α, and IL-6 when 
compared to the WT mice. Additionally, PKC θ deletion 
decreased the expressions of TLR4 and phosphorylated 
NF-κB and IKB-α in the liver. Furthermore, PKC θ deletion 
mice heme treatment markedly decreased the serum levels 
of ALT and AST, elevated antioxidation and alleviated 
inflammation, and improved Nrf2/HO-1 and TLR4/NF-
κB/IKB-α pathways compared with the untreated PKC θ 
deletion and the treated WT mice.

In the current study, a suitable HIR mice model in the 
PKC θ deletion and WT mice was used in the experiment. 
Induction of HIR in the PKC θ deletion mice caused a 
reduction in hepatic function markers ALT and AST and 
reduced degenerated area when compared to the WT mice, 
suggesting that gene deletion attenuated acute liver injury. 
Meanwhile, heme pretreatment significantly decreased the 
ALT and AST levels in the serum of the PKC θ deletion mice 
compared with the untreated gene deletion mice, together 
with the degenerated area of the liver. Additionally, heme 
treatment also reduced the serum ALT and AST levels and 
the degenerated area in the WT mice. PKC θ deletion mice 
treated with or without heme were also found to improve 
the structure of the liver damage induced by IR. These 
results pointed to the protective effect of PKC θ knockout 
and/or heme treatment against HIR injury.

Oxidative stress caused by excessive ROS and depletion 
of the antioxidant defense system plays a pivotal role in IR 
injury (23, 24). Some experiments have demonstrated that 
the restoration of blood supply following hepatic ischemia 
results in excessive production of ROS and disorder of 
antioxidant scavengers, which promotes lipid peroxidation, 
and DNA injury, damaging the cell membranes and causing 
inflammation, and even cell death (25-27). MDA is an 
important biomarker of lipid peroxidation, and superoxide 
scavenger SOD, an antioxidant metalloenzyme, exerts a 
crucial effect in the defense system against oxidative stress 
(28, 29). The findings from the current study confirmed 
that PKC θ deletion markedly lowered MDA content and 
elevated SOD activity in ischemia/reperfusion liver when 
compared to the WT mice. In addition, PKC θ deletion 
elevated the Nrf2 and HO-1 protein expression. Previous 
reports showed that inhibition of PKC θ reduced the level of 
ROS (30). These results suggest that reducing gene deletion 
can improve oxidative stress associated with HIR injury.

HO-1, a widely expressed inducible enzyme, can 
transform heme into bilirubin, carbon monoxide (CO), and 
ferrous iron (31), The metabolites of heme, including CO, 
bilirubin, and Fe2+, can scavenge free radicals, singlet oxygen, 
and superoxide anions, and exert anti-inflammation, 
antioxidation, and anti-apoptosis and attenuate oxidative 

stress-induced tissue damages including HIR injury (32-
35), HO-1 induced by heme exhibits multifunctional effects. 
It has been demonstrated that HO-1 exerts the prevention 
of carcinogenesis via maintaining redox homeostasis 
(36). Recent studies demonstrated that HO-1 attenuates 
testicular ischemia/reperfusion injury (37), improves 
myelodysplastic syndromes (MDSs)(38), and protects the 
remnant liver against dysfunction after major hepatectomy 
(39). It has been confirmed that nuclear factor-erythroid 
2 p45-related factor 2 (Nrf2) is involved in the regulation 
of HO-1 expression. Nrf2, a pivotal transcription factor, 
plays a pivotal effect in mediating the transcription and the 
expression of antioxidant enzymes, exerting a protective 
effect against various stress-induced damages (40). The 
effect of the Nrf2/HO-1 signaling on oxidative stress 
diseases is associated with the regulation of antioxidants 
(41). To further explore the mechanism of PKC θ in HIR 
injury, HO-1 was induced in the WT and PKC θ deletion 
mice with heme, and the animals were used to prepare the 
model of HIR. The data from the study suggested that PKC 
θ deletion elevated the HO-1 and Nrf2 protein expressions 
in the HIR PKC θ deletion mice when compared to the WT 
mice. Treatment with heme in mice increased the HO-1 and 
Nrf2 protein expressions compared with the untreated mice. 
Additionally, HO-1 and Nrf2 expressions were increased 
in the HIR gene deletion mice when compared to the WT 
mice. The findings showed that up-regulation of the Nrf2/ 
HO-1 pathway was implicated in the attenuation of HIR 
injury by PKC θ deletion.

Inflammatory responses have been confirmed to 
contribute to HIR injury (42). Some studies indicated that 
inflammatory cells are activated in the HIR injury, triggering 
the generation of pro-inflammatory factors including IL-6 
and TNF α (43, 44). TNF α stimulates the expression of 
various adhesion molecules and chemokines, while resulting 
in the excessive production of ROS and proteases, causing 
severe tissue damage (45). Toll-like receptor 4 (TLR4) has 
been demonstrated to exert an important effect on the 
production of inflammatory cytokines after IR (46, 47). 
Further study demonstrated that TLR4 regulates the release 
of pro-inflammatory factors via regulation of nuclear factor 
kappa B (NF κB) activation (48). The TLR4/NF-κB signaling 
pathway was found to regulate inflammation in ischemic 
tissue injury such as the heart, liver, and lung (49-51). NF-κB 
bound to the inhibitor IκB α covers the nuclear localization 
sites, inhibiting the NF-κB translocation to the cell nucleus. 
Activation of NF-κB increases the translocation of NF-κB to 
the nucleus, mediating the inflammatory factor expressions 
(42). PKC-θ, a novel calcium-independent PKC isoenzyme, 
highly expressed in T cells, is involved in the modulation 
of cell proliferation and survival (52). Additionally, it has 
been confirmed that PKC-θ is involved in the mediation of 
muscle development and homeostasis and is also associated 
with the modulation of platelet activation, aggregation, and 
hemostasis (53, 54). It has been demonstrated that PKC-θ 
can activate NF κB and activator protein 1(AP-1), regulating 
the cytokine expression (55). The data from the study 
indicated that gene deletion decreased serum TNF α and 
IL-6 levels and the expression of TLR4, phosphorylated NF 
κB, and IKB α in the liver when compared to the WT mice. 
Induction of HO-1 by heme was observed to significantly 
improve serum TNF α and IL-6 levels and the expression 
of TLR4 phosphorylated NF κB and IKB α when compared 
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to the untreated gene deletion and the treated WT mice. 
HO-1 was found to exert its beneficial role via regulation 
of inflammation and oxidative stress (56). These results 
suggested that the protective effect of PKC-θ deletion against 
HIR injury is associated with the TLR4/NF-κB pathway. 

Furthermore, the findings from the present study were 
applied in the teaching of pathophysiology, strengthening 
the understanding of our colleagues and students involved 
in the study on the pathophysiological mechanism of PKC-θ 
deletion in HIR injury and students’ innovative thinking, 
and widening students’ academic horizons.

Conclusion
Taken together, the results from this study demonstrated 

that PKC-θ knockout was able to improve the liver function 
and the structure of the impaired liver induced by IR and 
attenuate HIR injury. This beneficial effect was related to, 
at least in part, the improvement of the antioxidative effect 
via regulation of Nrf2/HO-1 signaling and enhancement 
of the anti-inflammatory effect by down-regulating the 
TLR4/ NF-κB/IKB α signaling. These findings may provide 
a therapeutic target of the drug for HIR injury.
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