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Abstract

AIM: To investigate the protective effect of target
suppression of uncoupling protein-2 (UCP-2) on ischemia/
reperfusion (I/R) injury in fatty liver in ob/ob mice.

METHODS: Plasmids suppressing UCP-2 expression
were constructed, and transfected into fatty liver cells
cultured /n vitro and the ob/ob mouse I/R injury model.
Serum tumor necrosis factor (TNF)-a levels, UCP-2 mRNA
expression, alanine aminotransferase (ALT) levels in ob/ob
mice were tested, and the pathological changes in fatty
liver were observed in experimental and control groups.

RESULTS: In ob/ob mouse I/R models, serum TNF-o
levels were significantly higher than in normal controls.
After the plasmids were transfected into the cultured
cells and animal models, expression of UCP-2 mRNA was
significantly reduced as compared with that in the control
group (2"*°*% ys 2% =55 p < 0.05). In ob/ob mouse
models, in which expression of UCP-2 was suppressed,
serum ALT levels were significantly lower than those of
other groups, and pathological analysis revealed that
injury of liver tissues was significantly alleviated.

CONCLUSION: The target suppression of UCP-2
expression in fatty liver can alleviate the I/R injury in the
ob/ob mice.
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INTRODUCTION

It has been reported that primary graft non-function (PNF)
occurs in over 25% of donor liver grafts with a lipid
volume of > 30%"?. Previous studies have discovered
that PNF of fatty liver after liver transplantation is
related to liver ischemia/reperfusion (I/R) injury during
transplantation” . Recently, it has been discovered that
one kind of mitochondrial protein, uncoupling protein-2
(UCP-2), may play an important role in I/R injury of
liver transplantation[()’ﬂ. UCP is a protein of the inner
mitochondrial membrane and acts as a proton carrier
to allow the dissipation of the proton electrochemical
gradient, without phosphorylation of ADP to ATP,
which results in the uncoupling of oxidation and ATP
synthesis ", The increased expression of UCP-2 leads
to a decrease in ATP in liver mitochondria, therefore,
the fatty liver is more susceptible to injury than the
normal liver under stress, e.g transplantationm. Previous
studies have indicated that polyunsaturated fatty acids
can stimulate UCP-2 expression in fatty hepatocytes via a
peroxisome proliferation activated receptor-oo (PPAR-q)
mediated pathway“z’lsj, and reactive oxygen species
(ROS) generated intracellularly during lipid metabolism
participate in UCP-2 induction!"*"”, In addition, tumor
necrosis factor (TNF)-a also increases mitochondrial
oxidant production and induces expression of UCP-2 in
fatty hepatocytesm’m. In the previous study by Wan et 4/,
caerulomycin (a specific inhibitor of fatty acid synthetase)
preconditioning suppressed the expression of UCP-2
in the fatty liver of ob/ob mice, which suggests that
preconditioning alleviates the injury of liver cells following
transplantation" . Caerulomycin cannot be widely used in
clinical practice because it leads to metabolic disorders" """
In this study, an antisense technique was used to directly
suppress the expression of UCP-2 in fatty liver tissues, and
the protective effects of UCP-2 expression inhibition on
I/R injury in ob/ob mice was evaluated.
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MATERIALS AND METHODS

Materials

Female 4-6-wk-old obesity mice (C57BL ob/ob) and
inbred 10-12-wk-old normal mice (C57BL lean) were
bought from the Model Animal Research Center of
Nanjing University (China). Other reagents and equipment
were from the following sources: collagenase IV (Gibco,
USA), Percoll (Second Factory of Shanghai Biochemical
Reagents, China), HEPES (Sigma, USA), EGTA (Sigma,
USA), Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, USA), TNF-a (Sigma, USA), fetal bovine serum
(FBS, Shanghai Huamei Bio-engineering Co., China), Ca”'-
free Hank’s solution and PBS (self prepared), ELISA
kit (R&D, USA), TRIzol (Gibco, USA), SYBR Green 1
fluorescent probe, FTC-200 type real-time fluorescent
quantitative PCR instrument and fluorescent quantitative
PCR analysis software (Shanghai Fengling Bio-tech, China),
CO:z incubator (Heraeus, USA), UCP-2 primer (Shanghai
Bio-engineering), RibocloneR M-MLV(H-) cDNA
synthesis system (Promega, USA), eukaryotic expression
carrier pEGFP2-C2 (Clontech, USA), restriction
endonucleases Xho I and Sa/1, T4 DNA lygase (Huamei
Bio-engineering Co), Taq enzyme (Takara, Japan), plasmid
extraction purification kit, PCR recycling kit and gel DNA
recovery kit (Shanghua Shunhua Bio-engineering, China).

Experimental animals and groupings

There were five in vitro experimental groups: normal
hepatocyte culture (lean liver cells, Al group); normal
hepatocyte culture + TNF-a (lean liver cells + TNF-q,
A2 group); fatty liver cell culture (A3 group); fatty liver cell
culture + TNF-q, treatment (A4 group); and fatty liver cell
culture + TNF-q treatment + UCP-2 inhibition (A5 group).
There were three iz vivo experimental groups (# = 20 in each
group): normal mouse I/R group (lean mice, B1 group);
ob/ob mouse I/R group (obesity mice, B2 group); and ob/
ob mouse I/R + UCP-2 inhibition (B3 group).

Mouse I/R model and primary culture of hepatocytes
Under anesthesia, mice were laparotomized, the portal and
hepatic veins were ligated by non-invasive vessel clamp
for 15 min, then re-opened to establish the I/R model.
Hepatocytes were isolated using the collagenase perfusion
method”". Mice were anesthetized and laparotomized to
explore the liver hilus. After intubation of the portal vein,
HEPES-buffered Hank’s solution (pH 7.4) containing
EGTA was perfused into the portal vein at 37°C, and
subsequently, the tissues were perfused with collagenase
IV buffer (0.5%) containing Ca”" for digestion. Digested
hepatocytes were harvested, re-suspended in culture
medium, filtered through a sieve, centrifuged at low
speed, and washed with PBS. Non-parenchymal cells were
removed with Percoll by centrifugation. Hepatocytes were
washed with PBS, centrifuged and stained with Trypan
blue to assess cell viability. Hepatocytes were prepared
into single cell suspensions and added to a six-well culture
plate (1.2 x 10° cells/well) with addition of 2 mI. DMEM
containing 5% FBS incubated in a 5% CO2 incubator at
37°C. Eight hours later, the solution was changed, and
then changed every 48 h.

Construction and transfection of UCP-2 antisense
plasmids

Mouse UCP-2 mRNA was extracted from adipose tissue
and a cDNA library. Mouse full-length UCP-2 cDNA was
synthesized by the Riboclone M-MLV (H-) cDNA synthesis
technique and PCR. The primer was designed according
to the Green fluorescent protein (GFP) reading frame of
cukaryotic expression carrier pEGFP2-C2, which allowed
the coding region reading frame of UCP-2 consistent with
that of GFP. Antisense plasmid was constructed with a
pair of primers with Sall restriction sites at the 5' end and
Xhol restriction sites at the 3' end. Sequences of primers
used for construction of UCP-2 fluorescent eukaryotic
expression carrier, which was synthesized by Shanghai Bio-
engineering was as follows:

P1 Sa/15-3" 5-ATGTCGACGTCGGAGATACCAGAG
CACT-3';

P2 Xho15'"-3" 5"TTCTCGAGGTGACCTGC GCTGTG
GTACT-3".

PCR products were cut by Xho I and Sa/1 restriction
enzymes and linked to the enkaryotic expression carrier
pEGFP-C2 (pEGFP-C2-UCP2-antisense). After the
construction was identified to be successful, the transfected
competent Escherichia coli were cultured and the extracted
plasmids were recombined with reverse transcriptional
viruses. In B3 group, the mice were transfected with
UCP-2 plasmids via the portal vein at the same time as the
vessel opening;

Sampling and detection

In all cultured cell groups, cells was added with different
concentration of TNF-q (0, 2.5, 5, 10 ng/mL) at 48 h.
In A5 group, fatty liver cells were transfected with UCP-2
plasmids after 8 h of culture when the medium were
exchanged. Twenty-four hours after TNF-ou stimulation,
i.e. after 72 h culture, the cells and supernatants were
hatvested, centrifuged, and stored at -80°C for later use.
In the I/R models, four animals in each group were killed
at the time points of reperfusion, at 0.5, 2, 6, 12 and 25 h.
Blood was taken from the heart, centrifuged at 3200 r/min
for 5 min at room temperature, and the serum was
separated, frozen and stored at -80°C for later detection.
Simultaneously, some liver tissues were frozen and stored
in liquid nitrogen, and other liver tissues were fixed with
4% paraformaldehyde, embedded with paraffin, stained with
HE, and observed pathologically under a light microscope.

The TNF-q levels in the supernatants and serum were
determined by ELISA, and each sample was duplicated.
The serum levels of alanine aminotransferase (ALT) were
tested by the velocity method.

Expression of UCP-2 in the cells and liver tissues
was detected by using RT-PCR™. In brief, total RNA of
each sample was extracted, the purity and concentration
were assayed by DNA/Protein Analyzer, and the same
total RNA concentration in each group was adjusted.
cDNA was prepared by reverse transcription. The primer
sequences of UCP-2 for PCR amplification were as
follows: F, 5'"-ATGGTTGGTTCAAGGCCAC-3'; R,
5TCATGAGGTTGGCTTTCAGG-3". The reaction
conditions included: 94°C for 3 min; 94°C for 30 s,
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‘P < 0.05 B2 vs B1; and B3 vs B1.

and 60°C for 1 min (45 cycles). The products were
electrophoresed with 1.5% agarose gel. The sample
expression of mRNA was calculated according to the
following formula: Relative value of the detected samples

__ ~(ACtdetected sample-ACtp-actin _
- 2( ¢ ¢ P P >; ACt — Ctncgadvc control — Ctdctcctcd sample.

Statistical analysis

UCP-2 mRNA, TNF-a and ALT levels were expressed as
the mean * SD and analyzed by using SPSS10.0 software.
Comparison of the same index in various groups was
performed by using ANOVA and the 7 test. P < 0.05 was
considered statistically significant.

RESULTS

TNF-c. levels in cell culture and I/R model

TNF-a levels in A2, A4 and A5 groups differed
significantly. TNF-a levels at the five time points after
reperfusion in the B1, B2 and B3 groups are shown in
Table 1. Results indicated that TNF-q levels in the B2 and
B3 groups were significantly higher than that in the Bl
group (P < 0.05), but there was no significant difference
between the B2 and B3 groups.

Expression levels of UCP-2 in cultured hepatocytes and
/R models

Fluorescent quantitative PCR analysis revealed that in
the Al, A2, A3, A4 and A5 groups, expression levels of
UCP-2 wete 0.125 (0.117-0.134), 1.558 (1.548-1.636),
1.079 (1.007-1.157), 2.949 (2.670-3.278) and 0.732
(0.660-0.812), respectively. It was indicated that in the
A2 and A4 groups, the expression levels of UCP-2 were
significantly higher than in the corresponding non-
stimulated groups (P < 0.05). The expression level in the
A4 group was significantly higher than in any other group,
and in the A5 group, UCP-2 expression was significantly
reduced as compared with that in the A4 group (P < 0.05).
In the B1 group, expression levels of UCP-2 in liver
tissues at the five time points after reperfusion were 0.252
(0.248-0.255), 0.287 (0.281-0.293), 0.401 (0.389-0.412),
0.432 (0.427-0.438) and 0.470 (0.438-0.503), respectively;
those in the B2 group were 0.940 (0.883-1.000), 1.020
(1.016-1.024), 1.309 (1.241-1.382), 1.469 (1.360-1.587)
and 1.629 (1.478-1.796), respectively; and those in the B3
group were 0.320 (0.255-0.402), 0.400 (0.333-0.481), 0.530
(0.467-0.602), 0.570 (0.510-0.638) and 0.621 (0.564-0.682),
respectively. The expression level in B3 was significantly
lower than in B2, which suggests that the expression of
UCP-2 was inhibited (Figures 1 and 2).

www.wjgnet.com

L ]

Al A2 A3 A4 A5

Figure 1 Expression levels of UCP-2 in cell culture. P < 0.05 vs A5.
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Figure 2 Expression levels of UCP-2 in I/R models.

Serum ALT levels in I/R model mice

In all I/R model mice, serum ALT levels were increased.
ALT levels in the B1, B2 and B3 groups were 296 £ 65,
952 + 147 and 301 £ 74 U/L, respectively. Statistical
analysis revealed that ALT levels in the B2 group were
significantly higher than those in the other two groups.
Among the three groups, B3 had a significantly decreased
ALT level after transfection of the plasmids that inhibited
expression of UCP-2, which suggests that inhibition of
UCP-2 expression can alleviate liver injury.

Pathological examination of liver tissues

In the B1 group, swelling and hydropic degeneration of
hepatocytes and hepatic sinusoid endothelial cells, stasis
of hepatic sinusoids, and disorder of sinus funiculus were
seen. There was exfoliation of partial endothelial cells in
the central vein, vacuolar degeneration of hepatocytes on
the peripheral zone, and local necrosis in hepatic lobules
and at the region adjacent to the portal area. In the B2
group, the above pathological changes were aggravated,
and showed multiple local necrosis. Howevet, in the B3 group,
the pathological changes in liver tissues were significantly

alleviated as compared with those in B2 group (Figure 3).

DISCUSSION

It has been reported that UCP-2 is not expressed in

. . . . . 24]
normal liver tissues, but is over-expressed in fatty liver™,
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Moreover, the abnormal over-expression of UCP-2 in fatty
liver can result in a decrease of hepatic ATP content'”*",
Studies by Chavin e# a/ have discovered that in ob/ob
mice (approximately 70%-80% of liver lipid content)
expression of UCP-2 is four to five times higher than in
normal liver tissues, and the ATP content is decreased in
mitochondria®”. In normal conditions, over-expression
of UCP-2 does not result in abnormal levels of serum
ALT, bile acid metabolites and clotting factors, but under
stress conditions, e.g. I/R, over-expressed UCP-2 can
lead to severe hepatic cell injury because of ATP reserve
deficiency™”. In this study, it was found that in primary
culture of fatty liver cells and ob/ob mouse I/R models,
expression of UCP-2 was significantly higher than that
in normal liver cells and normal mouse I/R models,
and TNF-q levels in ob/ob mice were significantly
higher than those in normal mice. However, in fatty
liver cells stimulated with TNF-q, expression of UCP-2
was significantly higher than that in other cultured cells,
which suggests that increased serum TNF-a levels can
further enhance the increased expression of UCP-2 in
fatty liver tissues. Previous studies have also revealed that
TNF-q can induce the expression of UCP-2 in normal
hepatocytes and mouse liver tissues, and it is believed
that the increased TNF-a is related to lipopolysaccharide
(LPS) stimulation ", Therefore, in I/R, LPS stimulation
can result in increased TNF-q, levels, which in turn induce
higher expression of UCP-2 in fatty liver cells, which
causes further decrease of the ATP reserve in hepatocytes,
which subsequently aggravates the I/R injury in fatty liver.
In this study, the plasmids that inhibited UCP-2 expression
were constructed and transfected into hepatocytes and
the mouse I/R models, and it was found that expression
of UCP-2 mRNA was significantly reduced, which was

Vg L

Figure 3 In the B1 group, swelling
and hydropic degeneration of
hepatocytes and hepatic sinusoid
endothelial cells, stasis of hepatic
sinusoids, and disorder of sinus
funiculus were seen. There was
exfoliation of endothelial cells in the
central vein, vacuolar degeneration of
hepatocytes at the peripheral zone,
and local necrosis in hepatic lobules
and at the region adjacent to the portal

aggravated, showing multiple local
necrosis (HE, x 200); In the B3 group,
the pathological changes in liver
tissues were significantly alleviated
as compared with those in B2 (Figure
3B).

"

et - area (HE, x 200); In the B2 group, the
L"Ei}f.'&r- '; ""1;,6 ] pathological changes in Figure 1 were
ke oo ko L o ¢

not related to TNF-q, levels. Simultaneously, in the model
with transfected mice, serum ALT levels were significantly
lower than those in non-transfected mice, and hepatic
pathological examination revealed that the I/R injury of
liver tissues was alleviated, which suggests that targeting
inhibition of UCP-2 expression in fatty liver may protect
ob/ob mice from I/R injury. In future studies, the role
of UCP-2 expression inhibition in obese mouse liver
transplantation will be further investigated.

COMMENTS

Background

Primary graft non-function (PNF) after fatty liver transplantation was related to
liver ischemia-reperfusion (I/R) injury during transplantation. Uncoupling protein 2
(UCP-2) has shown a close relationship with I/R injury of fatty liver transplantation
by mediating proton leak and interfering with mitochondrial ATP synthesis

Research frontiers

The impact of UCP-2 deficiency during acute liver injury has been investigated
recently, and it has been found that lack of UCP-2 reduces Fas-mediated liver
injury in ob/ob mice. Although ablation of UCP2 may have no significant impact
on steatosis-induced changes in ROS production of Kupffer cells, it alleviates the
energy compromise in acutely challenged fatty hepatocytes.

Innovations and breakthroughs

UCP-2 has been reported to be closely related to I/R injury of steatotic liver.
However, the direct link between UCP-2 expression and susceptibility of fatty liver
to I/R injury is lacking. This study considered UCP-2 as a therapeutic target and
investigated its role in fatty liver I/R injury in vitro and in vivo. The results showed
that suppression of UCP-2 expression alleviated I/R injury of fatty liver in mice.
This may provide a new gene therapy target.

Applications

The result of this study indicated that UCP-2 could be an effective gene therapy target
of fatty liver IR injury. By suppressing UCP-2 expression, more steatotic liver donors
may be used in liver transplantation, and partially alleviate the shortage of donor livers.
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Terminology

UCP-2 is an inner mitochondrial membrane carrier. It mediates proton leak and
allows the dissipation of the proton electrochemical gradient, which results in the
uncoupling of oxidation and ATP synthesis. ROS include superoxide, hydrogen
peroxide, and hydroxyl radicals. At low levels, these species may function in
cell signaling processes. At higher levels, these species may damage cellular
macromolecules.

Peer review
This is a well written and interesting manuscript. The authors demonstrated the
alleviation of I/R injury in ob/ob mice by inhibiting UCP-2 expression.
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