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Summary

The aim of this study was to determine the role of ALDH2 in the injury of liver

from brain-dead donors. Using brain-dead rabbit model and hypoxia model,

levels of ALDH2 and apoptosis in tissues and cell lines were determined by Wes-

tern blot, flow cytometry (FCM), and transferase (TdT)-mediated biotin-16-

dUTP nick-end labeling (TUNEL) assays. After the expression of ALDH2 during

hypoxia had been inhibited or activated, the accumulations of 4-hydroxynonenal

(4-HNE) and molecules involved in mitogen-activated protein kinase (MAPK)

signaling pathway were analyzed using ELISA kit and Western blot. The low

expression of phosphorylated ALDH2 in liver was time-dependent in the brain-

dead rabbit model. Immunohistochemistry showed ALDH2 was primarily located

in endothelial, and the rates of cell apoptosis in the donation after brain-death

(DBD) rabbit groups significantly increased with time. Following the treatment of

inhibitor of ALDH2, daidzein, in combination with hypoxia for 8 h, the apoptosis

rate and the levels of 4-HNE, P-JNK, and cleaved caspase-3 significantly increased

in contrast to that in hypoxic HUVECs; however, they all decreased after treat-

ment with Alda-1 and hypoxia compared with that in hypoxic HUVECs

(P < 0.05). Instead, the levels of P-P38, P-ERK, P-JNK, and cleaved caspase-3

decreased and the ratio of bcl-2/bax increased with ad-ALDH2 (106pfu/ml) in

combination with hypoxia for 8 h, which significantly alleviated in contrast to

that in hypoxic HUVECs. We found low expression of ALDH2 and high rates of

apoptosis in the livers of brain-dead donor rabbits. Furthermore, decreased

ALDH2 led to apoptosis in HUVECs through MAPK pathway.

Introduction

Liver transplantation is the most effective treatment for

end-stage liver diseases; however, the availability of donor

organs limits the availability of liver transplants [1]. In

China, a growing number of liver allografts are now avail-

able from donors after brain death (DBD) [2–5]. Neverthe-
less, immediate and long-term morbidity and mortality of
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recipients of DBD donor livers are relatively poor when

compared with living donors [6,7]. Several studies have

revealed that these DBD livers of newly transplanted are

associated with hepatocyte apoptosis which may contribute

to less ideal outcomes [8,9]. However, the factors that lead

to hepatocyte apoptosis have yet to be determined, and

there is an urgent need to determine the mechanism

involved in DBD liver donors.

Some studies have implied that the currently used clini-

cal indices could not evaluate the quality of liver donors

[10,11]. Previously, we established a rabbit DBD model to

study on the liver morphology and found no obvious

changes at different time points. We subsequently utilized a

proteomic assay to screen differentiated proteins in the

liver in order to determine whether there are any differ-

ences notable in DBD livers. It has been published that

aldehyde dehydrogenase 2 (ALDH2) was shown to be sig-

nificantly lower in DBD liver donors [12,13]. However, few

studies have focused on the relationships between ALDH2

and DBD liver donors.

Human ALDH2 is encoded by a nuclear gene located

at chromosome 12q24, and the protein is transported to

the mitochondrial matrix. It is known that aldehydes are

major contributors to the pathology of lots of human

diseases, while more data strongly support an important

protection role for the ubiquitous mitochondrial ALDH2.

Moreover, ALDH2 is an antioxidant stress protection fac-

tor, which mainly not only refers to exogenous lipids,

aromatic aldehyde metabolism, and detoxification, but

also degrades highly toxic aldehydes (the highly toxic

aldehyde is mainly 4-HNE) originating from the lipid

peroxidation cascade [14]. Previous reports have sug-

gested that ethanol stimulates expression of ALDH2 and

increases expression of phosphorylated Akt and Pim as a

result, while hepatocyte apoptosis is decreased [15]. In

contrast, acetaldehyde mediates the production of oxy-

gen-free radicals, which is associated with apoptosis [16].

The upregulation of ALDH2 decreases extracellular sig-

naling regulation of kinase 1/2 (EPK1/2) and p38 protein

kinase, and the inhibition of apoptosis plays a role in cell

protection [17]. In view of this, we speculate that the

overexpression of ALDH2 alleviates cell apoptosis and

protects the cells.

The mitogen-activated protein kinase (MAPK) family

has an important effect on regulating inner cell signaling

transduction. MAPK is comprised of three subfamilies (ex-

tracellular signaling regulation kinase [ERK], c-Jun N-ter-

minal kinase [JNK], and p38 protein kinase). Previous

researches have shown that the overexpression of ALDH2

decreases the expression of ERK1/2 and SPAK/JNK, thus

preventing aldehydes from destroying cardiac and lung cells

by limiting the expression of inflammatory factor AP-1

[15,18]. Low ALDH2 levels result in the accumulation of 4-

HNE, and then, 4-HNE can activate the MAPK pathway

[19], which may be involved in the process of brain-death-

related liver injury. In this study, we have determined that

mitochondrial ALDH2 levels are related to the pathway of

apoptosis and clarified the mechanisms underlying liver

injury resulting from brain death.

Materials and methods

Animals and grouping

Sixty healthy male rabbits (12 weeks old, weighing

2.9 � 0.3 kg) were obtained from the Wan Qian Jia He

Experimental Animal Culture Center (Wuhan, China) and

equally divided into two groups (n = 30). All animal exper-

iments were carried out in accordance with the Experimen-

tal Animal Regulations of the People’s Republic of China

and the Guide for the Care and Use of Laboratory Animals

of the USA. The samples were collected at 2, 6, and 8 h

after brain death or sham. Hence, each group was further

divided into DBD 2, 6, and 8 h and sham 2, 6, and 8 h

groups (n = 10).

Development of brain-death model

The criteria of brain death were in accordance with the

USA Adult Brain Death Diagnostics Guide [20], as follows:

(i) no pupillary or corneal reflex to light (two times); (ii)

no spontaneous respirations; and (iii) no electroencephalo-

graphic activity. Briefly, the procedures of establishing

brain-death models were as follows. Before surgery, the

rabbits were weighed, skin was preserved, and anesthesia

was administered. Tracheal intubation was used with a Y-

shaped tube. The respirator was also prepared for use. The

respiratory wave was monitored by contact with the ensis-

ternum. Electroencephalography and electrocardiography

were also performed. The body temperature was main-

tained at 38 °C by an intelligent temperature controller

(Taimeng Biological Technology Co. LTD, Chengdu,

China). Saline was injected through a catheter in the mid-

dle of the calva until the end of spontaneous respirations.

Then, tracheal intubation was linked to a microrespirator

and index changes were monitored. Dopamine (2 lg/kg/
min) was used to maintain stable pressure by intravenous

injection (iv). In the sham group, rabbits were catheterized

without pressure; the other procedures were the same as

the DBD group.

Culturing human umbilical vein endothelial cells

(HUVECs) and grouping

HUVECs were obtained from American Type Culture Col-

lection (ATCC; Manassas, VA, USA) and cultured in

DMED medium with 10% fetal bovine serum (FBS) in a
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humidified atmosphere with 5% CO2 at 37 °C. The cul-

tured cells were divided into four groups, as follows: group

1, the cells were cultured in normal conditions with 5%

CO2 at 37 °C; group 2, hypoxic conditions with 95%

N2+5% CO2 for 8 h; group 3, incubation with daidzein

(60 lM) in normal conditions for 24 h, and further culture

under the same conditions in group 2 [21]; and group 4,

the culture medium contained Alda-1 (20 lM), the cells

were treated for 1 h [22], and those cells were also cultured

under the same conditions in group 2. To further study on

the relationship between ALDH2 and apoptosis, the cul-

tured cells were further divided into four groups, as follows:

group 5, the cells were cultured in normal conditions with

5% CO2 at 37 °C; group 6, hypoxic conditions with 95%

N2 + 5% CO2 for 8 h; group 7, incubation with aden-

ovirus empty vector (106pfu/ml) in normal conditions for

24 h and further culture under the same conditions in

group 6; and group 8, incubation with ad-ALDH2 (106pfu/

ml) in normal conditions for 24 h and further culture

under the same conditions in group 6.

Western blot

After protein extraction from mitochondria, the concentra-

tion was determined. Then, sodium dodecyl sulfate–poly-
acrylamide gel electrophoresis transferred, soaked, and

incubated with primary anti-ALDH2 (1:200 dilution;

Huata Biological Technology Co., LTD, Guangzhou,

Guangdong, China), anti-caspase-3 (1:1000; Biogood Tech-

nology, Inc, Wuhan, Hubei, China), anti-bax (1:100; Bei-

jing Biosynthesis Biotechnology CO.LTD, Beijing, China),

anti-bcl-2 (1:100; Beijing Biosynthesis Biotechnology

CO.LTD), anti-ERK1/2 (1:2000; Bioworld Technology, Inc,

Nanjing, Jiangsu, China), anti-phospho-ERK1/2 (1:1000;

Cell Signaling Technology, Shanghai, China), anti-JNK

(1:2000; Abcam Plc, Cambridge, England), anti-phospho-

JNK (1:1000, Santa Cruz Biotechnology, Inc, Dallas, CA,

USA), anti-p38 (1:2000; Epicentre, Madison, WI, USA),

anti-phospho-p38 (1:1000; CST), and anti-b-actin
(1:10 000; Santa Cruz Biotechnology, Inc) antibodies at

4 °C overnight. The proteins were detected using a lumi-

nescence method [ECL Western blotting detection with

IgG antibodies, respectively, (1:5000) dilution]. The b-actin
was used as the loading control.

Immunohistochemical testing

The fixed tissues were washed with PBS and vibratome-sec-

tioned into 60- to 75-lm sections. The tissue sections were

blocked and incubated for 30 min at room temperature,

followed by incubation overnight at 4 °C in primary anti-

body anti-ALDH2 (1:200 dilution; Huata Biological

Technology Co., LTD, Guangzhou, Guangdong, China),

anti-caspase-3 (1:1000; Biogood Technology, Inc, Wuhan,

Hubei, China) at a dilution, and HRP-conjugated second

antibody for 1 h at 37 °C. Liquid diaminobenzidine was

used as a chromogenic agent for 5 min, and sections were

counterstained with Mayer’s hematoxylin. PBS buffer was

substituted for the first antibody as the negative control.

(TdT)-mediated biotin-16-dUTP nick-end labeling

(TUNEL) assays

Paraffin sections were deparaffinized into water and cov-

ered with proteinase K solution for 15 min at room tem-

perature. After destroying cell membrane, a proper volume

of TUNEL kit agent 1 (TdT) and agent 2 (dUTP), at a ratio

of 1:9 (v/v), was used to cover cells in a humidified box at

37 °C for 60 min. Then, the slides were shifted to methyl

alcohol with 3% H2O2 and protected from light for

20 min. After drying, each section was placed in proper

agent 3 (converter POD) to cover tissues in a humidified

box at 37 °C for 30 min. Diaminobenzidine was used as a

substrate to visualize positions of the proteins. Positive

staining appeared brown in color. Nuclei were stained with

hematoxylin.

FCM analyzed apoptosis

The cells were digested with trypsin and centrifuged at

1000 g for 5 min. The supernatants were removed, and the

pellets were washed with phosphate-buffered solution

(PBS). Approximately 5–10 9 104 cells were resuspended

with 5 ll of Annexin V-FITC at room temperature for

10 min, which were collected by centrifugation. In the end,

10 ll of propidium iodide (PI) was added for 20 min and

the samples were analyzed by FCM; FITC has green fluores-

cence and PI has red fluorescence.

Human 4-hydroxynonenal (HNE) ELISA detection

One hundred microliter of standard sample per well was

added, covered with the adhesive strip provided, and incu-

bated for 2 h at 37 °C. One hundred microliter of biotin

antibody (1x) was added to each well, covered with a new

adhesive strip, incubated for 1 h at 37 °C, and washed by

filling each well with wash buffer (200 ll) using a squirt

bottle, multichannel pipette, manifold dispenser, or auto

washer, and leave it there for 2 min. One hundred micro-

liter of HRP–avidin (1x) was added to each well and cov-

ered the microtiter plate with a new adhesive strip, and

incubated for 1 h at 37 °C. Ninety microliter of TMB sub-

strate was added to each well, incubated for 15–30 min at

37 °C, and protected it from light; 50 ll of stop solution

was added to each well, gently tapped the plate to ensure

thorough mixing. The optical density of each well was
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determined within 5 min, using a microplate reader set to

450 nm.

Statistical analysis

Statistical analysis was performed with SPSS for WINDOWS

(version 17.0; SPSS, Inc., Chicago, IL, USA). Continuous

variables were presented as the mean � standard devia-

tion unless explicitly noted otherwise and analyzed with

t-tests. Categorical variables were presented as absolute

numbers and percentages and analyzed by a chi-square

test. Two-sided P-values < 0.05 indicated statistical

significance.

Results

Western blot and immunohistochemistry determined that

expression of phosphorylated ALDH2 levels significantly

decreased with the length of DBD time

Western blot analysis was used to validate the changes of

phosphorylated ALDH2 in different times. Phosphorylated

ALDH2 levels significantly decreased with the extending of

DBD time, when compared with the sham (P < 0.05)

(Fig. 1a and b). Furthermore, the levels of phosphorylated

ALDH2 were significantly higher in DBD group when com-

pared with those of sham rabbits at the same time

(P < 0.05) (Fig. 1a and b). We determined changes in

phosphorylated ALDH2 with time and locations in tissues,

as shown in Fig. 1b, and ALDH2 was primarily located in

endothelial cells. Data were mean � SEM (n = 10).

TUNEL assay detected that apoptosis significantly

increased with the extending of DBD time

Cellular apoptosis was determined by TUNEL assay. In the

DBD group, the rates of cell apoptosis significantly

increased with time (P < 0.05) (Fig. 2a), DBD 2 h

5.75% � 1.04%, DBD 6 h 11.51% � 2.18%, DBD 8 h

14.49% � 2.81%. More importantly, DBD rabbits had

higher apoptosis rates than the sham rabbits at the same

time (P < 0.05) (Fig. 2a), sham 2 h 1.61% � 0.23%, sham

6 h 2.69% � 0.38%, sham 8 h 3.42% � 0.43%. Data were

mean � SEM (n = 10).

Immunohistochemistry and Western blot tested that

expression of cleaved caspase-3 increased with the

extending of DBD time

The expression of cleaved caspase-3 was analyzed by

immunohistochemistry and Western blot. In DBD group,

the rabbits expressing cleaved caspase-3 increased with time

when compared with the sham (P < 0.05) (Fig. 2b and c).

Figure 1 Expression of phosphorylated ALDH2 by Western blot and immunohistochemical testing between DBD and sham groups. In the DBD

group, the levels of phosphorylated ALDH2 gradually reduced when compared with sham (P < 0.05) (Fig 1a and b). In comparison with the sham rab-

bits, the levels of phosphorylated ALDH2 were significantly lower in DBD group at the same time (P < 0.05) (Fig 1a and b). ALDH2 was primarily

located in endothelial cells (Fig 1b). *P < 0.05, DBD group at 6 and 8 h compared with sham at 6 and 8 h; #P < 0.05, compared with the DBD rabbits

at 2 and 6 h. Data were mean � SEM (n = 10, magnification, 9200).
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Furthermore, cleaved caspase-3 levels in the DBD group

were higher than those of the sham at the same time

(P < 0.05) (Fig. 2b and c). Data were mean�SEM

(n = 10).

Western blot tested expression of ALDH2, bcl-2/bax ratio,

and cleaved caspase-3 expression, ELISA detected

accumulation of 4-HNE, and FCM analyzed cell apoptosis

in HUVECs

As mentioned above, HUVECs were cultured under various

conditions. As shown in Fig. 4a, hypoxia for 8 h (group 2)

induced low expression of phosphorylated ALDH2

(Fig. 3a) and higher accumulation of 4-HNE

(0.8068 � 0.1540 ng/ml) (P < 0.05) (Fig. 3b). In contrast,

the ALDH2 inhibitor, daidzein, plus hypoxia for 8 h

(group 3) further decreased phosphorylated ALHD2 levels

and increased accumulation of 4-HNE

(1.8560 � 0.2870 ng/ml) in cultured HUVECs (P < 0.05)

(Fig. 3a and b). Culturing HUVECs in Alda-1 plus hypoxia

(group 4) resulted in lower phosphorylated ALDH2 level

and higher accumulation of 4-HNE (0.5830 � 0.0890 ng/

ml) than that in group 1, but higher phosphorylated

ALDH2 level and lower accumulation of 4-HNE than that

in group 2 (P < 0.05) (Fig. 3a and b). FCM was used to

analyze cell apoptosis of HUVECs in different groups. The

FCM assay indicated that the apoptosis rates of group 1

were 0.250% � 0.129%. Based on the aforementioned

Figure 2 Apoptosis was detected by TUNEL assay, expression of cleaved caspase-3 by immunohistochemical testing, and Western blot between DBD

and sham groups. TUNEL confirmed that DBD rabbits had higher apoptosis compared with sham rabbits (P < 0.05), and the rates of cell apoptosis in

DBD groups significantly increased with time when compared with sham (P < 0.05) (Fig. 2a). *P < 0.05, DBD group at 2, 6, and 8 h compared with

the sham at 2, 6, and 8 h; #P < 0.05, compared with the DBD rabbits at 2 and 6 h. Data are mean�SEM (n = 10, magnification, 9400). Apoptosis

was showed with arrows (Fig. 2a). At the same time, in DBD group, the rabbits expressing cleaved caspase-3 increased with time when compared

with sham (P < 0.05) (Fig. 2b and c). Furthermore, cleaved caspase-3 levels in the DBD group were higher than those in sham at the same time

(P < 0.05) (Fig. 2b and c). *P < 0.05, DBD group at 2, 6, and 8 h compared with the sham at 2, 6, and 8 h; #P < 0.05, compared with the DBD rab-

bits at 2 and 6 h. Data were mean � SEM (n = 10, magnification, 9200).

102 © 2015 Steunstichting ESOT 29 (2016) 98–107

Decreased expression of ALDH2 induces liver injury Zhong et al.



methods, the apoptosis rates of HUVECs were detected by

FCM with significant differences at 8 h (group 2:

7.450% � 0.755%, group 3: 25.60% � 2.877%, and group

4: 4.575% � 0.411%, P < 0.05) (Fig. 3c). The expression

of cleaved caspase-3 was significantly higher in group 2

when compared with group 1 (P < 0.05) (Fig. 3d). Group

4 had a lower expression of cleaved caspase-3 than that in

group 2, and group 3 had a higher expression of cleaved

caspase-3 than that in group 2 (P < 0.05) (Fig. 3d). And

meanwhile, incubation with adenovirus empty vector

(106pfu/ml) plus hypoxia for 8 h (group 7) still kept the

same levels of phosphorylated ALHD2 and the same ratio

of bcl-2/bax as that in group 6 (P > 0.05). Culturing

HUVECs with ad-ALDH2 (106pfu/ml) plus hypoxia (group

8) resulted in higher phosphorylated ALDH2 level and bcl-

2/bax ratio than that in group 6 (P < 0.05) (Fig. 4). Data

were mean�SEM (n = 6).

Western blot tested expression of P-P38, P-ERK, and

P-JNK in HUVECs

We also studied on the role of ALDH2 involved in the

MAPK pathway. Hypoxia for 8 h (groups 2 and 6) induced

higher expression of P-P38, P-ERK, and P-JNK than that in

groups 1 and 5, respectively (P < 0.05) (Fig. 5a and b).

Culturing HUVECs in the ALDH2 inhibitor, daidzein, plus

hypoxia and ischemia for 8 h (group 3) increased P-JNK

(P < 0.05) (Fig. 5a), but there were no differences between

P-P38 and P-ERK. Culturing HUVECs in Alda-1 plus

hypoxia (group 4) resulted in lower levels of P-P38, P-ERK,

and P-JNK than that in group 1, and higher levels than that

in group 2 (P < 0.05) (Fig. 5a), which was the same case in

group 8 (P < 0.05) (Fig. 5b). Data were mean�SEM

(n = 6).

Discussion

Previously, we established a rabbit DBD model to study on

the liver morphology and found no obvious changes at

different time points. We subsequently utilized a proteomic

assay to screen differentiated proteins in the liver to deter-

mine whether there are any differences notable in DBD

livers. As a result, ALDH2, one of the differential proteins,

was screened by our group and shown to have lower levels

in brain-dead rabbits than that in the sham group [12,13].

In the present study, we determined the ALDH2 levels

Figure 3 Expression of ALDH2 (Figure 3a), accumulation of 4-HNE (Figure 3b), cell apoptosis analysis (Figure 3c), and cleaved caspase-3 (Figure 3d)

expression in HUVECs. The accumulation of 4-HNE, the apoptosis rates of HUVECs, and the expression of cleaved caspase-3 were higher after cultur-

ing in hypoxia compared with normal conditions (P < 0.05). The levels of 4-HNE, cleaved caspase-3, and apoptosis rates decreased when treated with

Alda-1 plus hypoxia. However, daidzein plus hypoxia resulted in a higher accumulation of 4-HNE, apoptosis rates of HUVECs, and expression of

cleaved caspase-3 than those in culture with hypoxia. *P < 0.05, hypoxia 8 h group compared with the other three groups. **P < 0.05, Alda-1+

hypoxia 8 h group compared with the other three groups. #P < 0.05, daidzein+ hypoxia 8 h group compared with the other three groups. Data were

mean � SEM (n = 6).
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by Western blot analysis, and results indicated that

phosphorylated ALDH2 levels gradually decreased with

time after brain death, which was consistent with previous

findings identified by mass spectrometry [12,13]. Several

reports had revealed that ALDH2 levels also decreased

gradually in other circumstances [23,24].

A study had shown that ALDH2 antagonizes damages to

nerves and endothelial cells caused by oxidative stress [25].

The high expression of the ALDH2 gene could protect cells

against the toxicity of chemical substances in vitro and also

protect against apoptosis through resistance to oxidative

stress [26]. Based on these studies, there is a hypothesis that

brain death could suppress the expression of ALDH2 in

liver tissue, which could weaken the ability of ALDH2 to

resist hepatocyte apoptosis, leading to increased liver dam-

age. The overexpression of ALDH2 attenuates apoptosis

caused by chronic alcohol exposure [15]. In contrast, the

upregulation of ALDH2 played a role in the inhibition of

apoptosis and protection of hepatic cells [17]; therefore, we

postulated that there were relationships between ALDH2

and apoptosis. The TUNEL assay and expression of cas-

pase-3 showed that the apoptosis rates and levels of cleaved

caspase-3 increased significantly. We found that brain

death resulted in decreased ALDH2 and increased hepato-

cyte apoptosis. However, the molecular mechanism under-

lying ALDH2 and brain death had yet to be elucidated in

its entirety.

Immunohistochemistry further proved that phosphory-

lated ALDH2 was mostly expressed in the endothelium cells.

To explore the role of phosphorylated ALDH2 in regulating

apoptosis and mechanisms of hepatic injury, we developed

a hypoxia model of HUVECs to simulate brain death. In

our study, the apoptosis rates of HUVECs after culturing in

hypoxic conditions for 8 h were significantly higher than

those in controls. The ALDH2 inhibitor plus hypoxia fur-

ther improved the apoptosis rates; thus, the downregulation

of ALDH2 had a role in promoting cell apoptosis and

destroying hepatic cells. On the other hand, the activator of

ALDH2 (Alda-1) in the presence of hypoxia partially

reduced apoptosis, and incubation HUVECs with ad-

ALDH2 (106pfu/ml) plus hypoxia significantly alleviated the

apoptosis. It seemed that Alda-1 decreased apoptosis which

might contribute to enhanced quality of liver donors.

Based on previous studies, the most prominent patho-

logic changes were low blood perfusion flow dynamics and

local hypoxia in hepatic tissues during brain death. Loss of

(a) (c)

(d)

(b)

Figure 4 Expression of ALDH2 (Figure 4a), cell apoptosis analysis (Figure 4c), and cleaved caspase-3 (Figure 4b), bcl-2, and bax expression (Figure 4d)

in HUVECs. The bcl-2/bax ratio was significantly lower, and the apoptosis rates of HUVECs and the expression of cleaved caspase-3 were higher after

cultured with hypoxia compared with normal conditions (P < 0.05). In the ad-ALDH2 group, overexpressed ALDH2 plus hypoxia resulted in a higher

bcl-2/bax ratio, lower apoptosis rates of HUVECs, and lower expression of cleaved caspase-3 than those in culture with hypoxia. *P < 0.05, ad-

ALDH2 + hypoxia 8 h group compared with the other three groups. #P > 0.05, ad-empty vector hypoxia 8 h group compared with the hypoxia 8 h

group. Data were mean � SEM (n = 6).
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mitochondrial function arose from excessive accumulation

of oxidative stress [27,28]. In addition, reactive oxygen

species were oversynthesized by inner cells and induced

oxidative stress [29,30]. MAPK was noted to be one of the

downstream effectors. The activation of MAPK resulted in

the upregulation of inflammatory factors [31,32]. The

inflammatory reactions activated oxidative stress-sensitive

hepatic cells. In contrast, local inflammatory infiltration

also damaged astrocytes, endothelial cells, and hepatic cells,

which further harmed liver function and structure [33,34].

Eventually, all of these factors led to a poor quality of liver

donors.

To explore the role of ALDH2 in regulating apoptosis

through MAPK pathway, our data demonstrated that the

levels of 4-HNE, P-P38, P-ERK, P-JNK, and cleaved cas-

pase-3 in the hypoxia groups were significantly higher with

hypoxia for 8 h. Daidzein plus hypoxia resulted in elevated

4-HNE, P-P38, P-ERK, P-JNK, and cleaved caspase-3 levels

after culturing cells for 8 h. When Alda-1 was combined

with hypoxia, the expression of 4-HNE, P-P38, P-ERK,

P-JNK, and cleaved caspase-3 was weakened, higher than

that in controls, but lower than that in hypoxia groups.

Hence, the downexpression of ALDH2 accumulated

4-HNE, and then, 4-HNE could activate the MAPK signal-

ing pathway and promoted cell apoptosis. Furthermore, the

overexpression of ALDH2 decreased 4-HNE, inhibited the

MAPK signaling pathway, and decreased apoptosis.

In conclusion, we found low expression of ALDH2 and

high rates of apoptosis in the livers of donor brain-dead

rabbits. Furthermore, decreased ALDH2 led to apoptosis in

HUVECs through MAPK pathway.

Research highlights

1. Phosphorylated ALDH2 levels significantly decreased

with the length of DBD time

Figure 5 Expression of P-JNK, P-P38, and P-ERK by Western blot between hypoxia and ischemia groups in HUVECs. Hypoxia-increased P-JNK, P-P38,

and P-ERK were significantly higher than those in controls (P < 0.05). Alda-1 plus hypoxia led to P-JNK, P-P38, and P-ERK lower than that in hypoxia

groups. Daidzein plus hypoxia led to P-JNK higher than that in hypoxia groups, but there were no differences in P-P38 and P-ERK. *P < 0.05, Alda-1+

hypoxia 8 h group compared with the other three groups. #P < 0.05, daidzein+ hypoxia 8 h group compared with the other three groups. Data were

mean � SEM (n = 6) (Fig. 5a). The ad-ALDH2 group which overexpressed ALDH2 plus hypoxia led to P-P38, and P-ERK lower than that in hypoxia

groups. At the same time, there were no differences in ad-empty vector hypoxia 8 h group and hypoxia 8 h group. *P < 0.05, ad-ALDH2+ hypoxia

8 h group compared with the other three groups. #P > 0.05, ad-empty vector hypoxia 8 h group compared with the hypoxia 8 h group. Data were

mean � SEM (n = 6) (Fig. 5b).
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2. Apoptosis significantly increased with the extending of

DBD time

3. Decreased ALDH2 led to apoptosis in hypoxic HUVECs

4. MAPK pathway was involved in hypoxic HUVECs
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