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Abstract

AIM: To investigate the effect of zinc finger protein
A20 on chronic liver allograft dysfunction in rats.

METHODS: Allogeneic liver transplantation from DA
rats to Lewis rats was performed. Chronic liver allograft
dysfunction was induced in the rats by administering
low-dose tacrolimus at postoperative day (POD) 5.
Hepatic overexpression of A20 was achieved by recom-
binant adenovirus (rAd.)-mediated gene transfer ad-
ministered intravenously every 10 d starting from POD
10. The recipient rats were injected with physiologi-
cal saline, rAdEasy-A20 (1 x 10° pfu/30 g weight) or
rAdEasy (1 x 10° pfu/30 g weight) every 10 d through
the tail vein for 3 mo starting from POD 10. Liver tissue
samples were harvested on POD 30 and POD 60.

RESULTS: Liver-transplanted rats treated with only
tacrolimus showed chronic allograft dysfunction with
severe hepatic fibrosis. A20 overexpression ameliorated
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the effects on liver function, attenuated liver allograft
fibrosis and prolonged the survival of the recipient rats.
Treatment with A20 suppressed hepatic protein pro-
duction of tumor growth factor (TGF)-B1, interleukin-
1B, caspase-8, CD40, CD40L, intercellular adhesion
molecule-1, vascular cell adhesion molecule-1 and
E-selectin. A20 treatment suppressed liver cell apopto-
sis and inhibited nuclear factor-kB activation of Kupffer
cells (KCs), liver sinusoidal endothelial cells (LSECs)
and hepatic stellate cells (HSCs), and it subsequently
decreased cytokine mRNA expression in KCs and LSECs
and reduced the production of TGF-B1 in HSCs.

CONCLUSION: A20 might prevent chronic liver allogra-
ft dysfunction by re-establishing functional homeostasis
of KCs, LSECs and HSCs.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Although the incidence of chronic rejection at 5 years
after transplantation has decreased from 15%-20% in
the 1980s to an expected incidence of 3%-5% in current
recipients, probably because of the introduction of the
novel drug tacrolimus'™, the incidence of chronic liver
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allograft dysfunction is still high in long-surviving recipi-
ents. Chronic liver allograft dysfunction, which results in
the loss of approximately 2000 liver grafts every year, has
a significant impact on liver graft function and long-term
survival. It has been reported that a significant propos-
tion of long-term liver allografts presented features of a
hepatitis-like reaction that was not attributable to known
viral agents or other agents[3’4]. Chronic liver allograft
dysfunction is now considered to be a result of vatious
causes of hepatic injury, including immune and non-
immune factors. Currently, research is focused on non-
immune factors that may lead to chronic liver allograft
dysfunction, including the use of donor organs of mar-
ginal quality, the use of organs from brain injury/brain-
dead donors, the presence of ischemia-reperfusion injury,
Kupffer cell (KC) activation, interleukin and growth fac-
tor production, damage caused by immunosuppressive
drugs (chronic toxicity of damage) and cytomegalovirus
infection. Because of the numerous causative factors, the
prevention and treatment of chronic liver graft dysfunc-
tion represents a considerable challenge.

Pathological changes observed in cases of chronic
liver allograft dysfunction include arterial proliferative oc-
clusive disease and/or bile duct disappearance, liver cell
death and eventually liver fibrosis. Bile duct disappear-
ance is considered to be a result of arterial proliferative
occlusive disease. Molecular changes include increased
hepatic expression of tumor growth factor (TGF)-f,
interleukin (IL)-1f3, caspase-1 and caspase—S[Sl. IL-1 has
been shown to contribute to chronic rejectionm. 1L.-1
is produced by activated macrophages and many other
cell types, including injured endothelial cells (ECs), and
it stimulates smooth-muscle proliferation iz vitro and
increases the adhesive properties of the vascular endo-
thelium. Overproduction of TGF-f is a chief cause of
tissue fibrosis in various organsm. TGF-B induces the
phenotypic transition of hepatic stellate cells (HSC) into
proliferating myofibroblast-like cells, thus enhancing pro-
duction of extracellular componentsm. The cellular and
molecular mechanisms of chronic liver allograft dysfunc-
tion are still not completely clear, and the currently avail-
able drug treatments are ineffective.

The process of liver fibrosis is well-understood, and
the basic steps can be summarised as follows: (1) various
sources of liver damage induce KC activation; (2) activat-
ed KCs express and produce a variety of cytokines and
co-stimulating molecules, such as TNF-q,, 1L-6, TGF-f3,
IL-1B and CD40L"""; and (3) cytokines and co-stimulat-
ing molecules stimulate HSC activation and stimulation
of myofibroblasts, which synthesize a large amount of
extracellular matrix, resulting in liver fibrosis. In the pro-
cess of hepatic fibrosis, nuclear factor (NF)-kB may play
an important central regulatory role by regulating func-
tional changes of hepatocytes, KCs and HSCs™,

NF-kB is a key nuclear factor involved in the regu-
lation of KC activation. In addition to the production
of pro-inflammatory cytokines, such as TNF-q, IL-1f3,
TGF-, IL-6 and IL-8, activated KC also express the co-
stimulatory molecule CD40L, which is an important char-
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acteristic of chronic liver allograft dysfunction'”. Expres-

sion of inflammatory mediators can stimulate the nuclear
translocation of NF-kB in KCs viz autocrine or paracrine
pathways and induce the production of additional inflam-
matory mediators, leading to an “inflammatory cascade”,
which results not only in liver damage, but also leads to
the rapid stimulation of HSC activation and proliferation.
Thus, inhibition of NF-xB activation in KCs may down-
regulate the expression of inflammatory mediators, such
as TNF-a, TGF-f, IL-1 and CD40L, and thereby sup-
press the liver inflammatory response.

Although the role of NF-kB in liver graft arterial le-
sions is not completely clear, NF-xB plays a key regula-
tory role in non-organ transplant atherosclerosis. In 1996,
using a new type of mouse antibody (mAb o-p65 mAD),
Brand demonstrated the presence of activated NF-xB in
human atherosclerotic tissue for the first time'". Activa-
tion of NF-kB was identified in smooth muscle cells,
macrophages and ECs in their study. Previous studies
had shown that atherosclerosis involves activation of vas-
cular ECs and proliferation of vascular smooth muscle
cells which are subject to the regulation of NF-xB activa-
tion""”.

A20 is a zinc finger protein that was originally identi-
fied as a TNF-responsive gene in ECs™. A20 is expressed
in multiple cell types, including fibroblasts, B cells, T' cells
and [ cells, in response to a variety of stimuli that acti-
vate NF-kB, including II.-1, LPS, phorbol 12-myristate
13-acetate, H202 and CD40 ligand. In ECs and hepato-
cytes, A20 has a dual cytoprotective function” ", A20 is
anti-inflammatory, due to inhibition of NF-xB through
a negative feedback loop, and it is antiapoptotic, due to
inhibition of the caspase cascade at the level of initiator
caspase—Spl’w. A20 can also inhibit NF-«B activation in-
duced by LPS, IL-1 and CD40 cross-linking through the
negative feedback looppuﬁ]. A20 curtails inflammation by
inhibiting NF-xB activation, either through its associa-
tion with IkB kjnase—'y/ NF-kB essential modifier within
the signalosome or through its ubiquitin-editing func-
tions [21,22,27,28] )

A previous study indicated that reduced expression
of A20 might be an important pathogenic contributor to
an increased susceptibility to liver allograft ischemia/re-
perfusion (I/R) injury[zgl. Ramsey ¢z o/ recently reported
that A20 could protect mice from lethal liver I/R injury
by increasing peroxisome proliferator-activated receptor-
alpha expression. In addition, it has been shown that
A20 expression is up-regulated in human renal allografts
in response to immune injury inferred by acute rejec-
tion, and the result suggests that A20 could limit graft
injury”'. Our previous studies indicated that A20 expres-
sion was up-regulated in immature dendritic cells derived
from rat liver allografts undergoing acute rejectionm].
Furthermore, A20 overexpression could inhibit NF-kB
activation of liver sinusoidal endothelial cells (LSECs) in
rat liver allografts and suppress acute rejectionm]. These
results suggest that A20 may protect liver allografts from
I/R injury and acute rejection.

Although the effects of A20 on lipopolysaccharide-
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induced acute toxic lethal hepatitis, liver regeneration,
hepatic I/R injury and liver allograft rejection have been
investigated, little is known about the effect of A20 on
chronic liver allograft dysfunction. In this work, the effect
of A20 on liver allograft chronic dysfunction induced by
postoperative low-dose tacrolimus administration was in-
vestigated.

MATERIALS AND METHODS

Recombinant adenoviruses

The rAdEasy-A20 and the empty control rAdEasy con-
taining green fluorescent protein were generated in our
laboratory™. The Neo I — Sa/1 fragment (2332 bp)
of the 420 gene, which was obtained from the plasmid
pCAGGS-FLAGmMA20 (a kind gift from Dr. Rudi Bey-
aert from Department of Molecular Biology, Flanders
Interuniversity Institute of Biotechnology, University
of Ghent, Belgium) and carries the entire mouse A20
cDNA sequence, was cloned into the shuttle plasmid
pAdTrack-CMV. Homologous recombination took place
between the resultant plasmid and the backbone plasmid
pAdEasy-1 in Escherichia coli B]5183, and the recombinant
adenoviral plasmid was generated. The adenovirus was
packaged in 293 cells, and the recombinant adenovi-
rus rAdEasy-A20 was generated. The empty Ad vector
(rAdEasy) was generated following the same principle.

Animal model

Inbred male DA (RT1%) and Lewis (RT1) rats weighing
260-320 g were used as liver donors and recipients, re-
spectively. The animals were maintained under standard
conditions and treated according to the Guidelines for
the Care and Use of Laboratory Animals of Sichuan
University. Orthotopic liver transplantations (OLT) were
performed with the two-cuff technique. All operations
were performed under ether anesthesia under sterile con-
ditions. Cefazolin (40 mg/kg, injected intramuscularly)
was given after the implantation operation for 5 d to
prevent infection. More than 90% of the rats survived
this operative procedure. To induce chronic liver allograft
dysfunction, a low dose of tacrolimus (0.1 mg/kg per
day) was administered intramusculatly for 5 d after the
implantation operation[i]. To examine chronic liver al-
lograft dysfunction, recipient rats were given physiologi-
cal saline (PS), rAdEasy-A20 (1 x 10’ pfu/30 g weight)
or rAdEasy (1 X 10” pfu/30 g weight) through the tail
vein once every 10 d from postoperative day (POD) 10
for 3 mo. Five recipient rats per group were allowed to
survive until they died. Ten recipient rats per group were
killed on POD 30 and POD 60 before rAdEasy-A20 or
rAdEasy injection. Blood samples were harvested from
the inferior vena cava. The left lateral lobes and caudate
lobes from 5 liver allografts per group were harvested
for Western blotting, Masson staining and immunohis-
tochemistry, and the other liver lobes were harvested for
KC and LSEC isolation. Another 5 liver grafts per group
were harvested for HSC isolation.
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Histological analysis

Liver fibrosis was analyzed on POD 30 and POD 60.
The liver tissue lobes were fixed in 10% neutral-buffered
formalin embedded in paraffin. For histological analysis,
the sections were stained with hematoxylin-cosin. For
fibrosis analysis, the sections were stained with Masson
stain.

Hepatic A20 expression

Liver graft specimens were harvested on POD 30 and
POD 60. Immunohistochemistry was performed for
hepatic A20 protein expression in five sections from per
graft after the samples were fixed in 10% neutral-buffered
formalin embedded in paraffin. The liver sections were
incubated with a 1:100 dilution of anti-rabbit polyclonal
A20 antibody (Abcam, ab45366) for 45 min and Envi-
sion™ for 45 min. The sections were counterstained with
hematoxylin. Positive cells were counted at 400 X magni-
fication. Ten random fields were observed in each of the
liver portal tract areas.

Liver function assay

Serum samples from POD 30 and POD 60 were also an-
alysed for alanine aminotransferase (ALT) and total biliru-
bin (ITBIL) levels as indices of hepatocellular injury. The
levels of ALT and TBIL were measured with an automatic
biochemical analyser using diagnostic kits from Sigma

Chemical Co.

Hepatic protein production study

TGE-B1, IL-1B, caspase-1, caspase-8, CD40, CD40L, In-
tercellular adhesion molecule (ICAM)-1, vascular cell
adhesion molecule (VCAM)-1 and E-selectin protein
levels in the liver allografts were analysed by Western blot-
ting, Liver tissue lysates were electrophoresed on sodium
dodecylsulfate polyacrylamide gel electrophoresis gels
and transferred to polyvinylidene chloride (PVDC) mem-
branes for Western blotting analysis. Briefly, the PYDC
membranes were incubated in a blocking buffer for 1 h
at room temperature followed by incubation for 2 h with
Abs raised against TGF-B1, IL-1p, caspase-1, caspase-8,
CD40, CD40L, ICAM-1, VCAM-1 and E-selectin. The
membranes were washed and incubated for 1 h with
horseradish peroxidase-labelled immunoglobulin G. Im-
munoreactive bands were visualised using enhanced
chemiluminescence detection reagent. The bands were
quantified using a scanning densitometer from Bio-Image
Analysis System. The results were expressed as the relative
optical density.

Hepatic cells apoptosis

The paraffin sections of liver grafts on POD 30 and 60 were
analysed for apoptotic cells using the terminal transferase
dUTP nick end-labelling (TUNEL) method (i situ Cell
Death Detection Kit, Roche Biochemicals, Mannheim,
Germany). For all staining procedures, positive and nega-
tive cells were counted in 3 randomly selected fields under
a light microscope. Quantitative analysis was performed
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using the Coulter EPICS Elite ESP cell sorting system,
United States.

Isolation of KC and LSECs

KCs and LSECs were isolated using a modified method
of Braet and colleaguesw. In brief, the liver graft was
perfused with Ca2+—Mg2+—free Hanks’ balanced salt solu-
tion followed by 0.6% collagenase A (Sigma type 1) via a
polyethylene catheter inserted into the portal vein trunk.
After incubation of the fragmented tissue in the same
solution, the resulting cell suspension was centrifuged at
100 t/min for 10 min to remove the parenchymal cells.
The supernatant containing a mixture of the hepatic
nonparenchymal cell fraction was subsequently layered
on top of a two- step Percoll gradient (25% to 50%) and
centrifuged for 10 min at 900 r/min. The intermediate
zone located between the two density layers, which was
enriched with LSECs and KCs, was cultured for 20 min
in plastic flasks, and the LSECs and KCs subsequently
were further isolated based on the selective adherence of
KCs to plastic flasks and the spreading of the LSECs on

collagen.

Isolation of HSCs

Hepatic stellate cells were isolated from the liver allo-
grafts by a modified method that has been described
previouslymj. Briefly, HSCs were isolated from the liver
grafts by sequential in sif# perfusion with collagenase
and digestion with pronase. Suspensions of liberated
HSCs were prepared by centrifugation on a double-layered
(17%/11.5%) metrizamide solution (Sigma). After cen-
trifugation at 1700 g for 15 min, the HSCs were harvested
from the top of the upper layer. More than 90% pure
and viable HSCs were routinely obtained using this pro-
cedure, as determined by ultraviolet-excited fluorescence
microscopy and Trypan blue dye exclusion, respectively.
Isolated HSCs were used for nuclear protein or RNA ex-
traction.

NF-«B activation of LSECs, KCs and HSCs

The NF-kB activity of the LSCEs, KCs and HSCs was
analysed with the electrophoretic mobility shift assay
(EMSA) as previously described™. Nuclear proteins
were extracted from LSCEs, KCs and HSCs. The protein
concentration of the nuclear extracts was determined by
Bradford assayl%]. Nuclear extracts were frozen on dry
ice and stored at -80 ‘C until they were assessed in the
EMSA. The double-stranded NF-kB consensus oligo-
nucleotides (5-AGTTGAGGGGACTTTCCCAGGC-3’,
and 3-TCAACTCCCCTGAAAGGGTCCG-5)"" used
in EMSA were end-labelled with y—nP adenosine triphos-
phate (3.7 X 10° Bq/L at 5 pl) using T4 polynucleotide
kinase. The reaction products were separated in 6 % non-
denaturing polyacrylamide gels subjected to gamma auto-
radiography at -70 ‘C for 48 h and were analysed with a
gel imaging system.

mRNA expression of cytokines in LSECs and KCs
Analysis of mRNA expression of ICAM-1, VCAM-1,
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E-selectin, IL-1f and CD40 in LSECs and mRNA expres-
sion of TGF-f1, IL-1 and CD40 L in KCs was performed
by semiquantitative reverse transcription polymerase
chain reaction (RT-PCR) amplification and compared
with the expression of the house-keeping gene [B-actin
using the one-step PCR Kit. Total RNA from LSECs
and KCs was extracted using the TripureTM reagent.
PCR was performed in a 25 pL. reaction system. The
PCR reaction produced a 513-bp product for ICAM-1,
a 257-bp product for VCAM-1, a 239-bp product for
E-selectin, a 388-bp product for CD40, a 395-bp product
for CD40L, a 378-bp product for IL-1f3, a 383 bp prod-
uct for TGF-B1, and a 813-bp product for B-actin. The
PCR products from each sample were subjected to elec-
trophoresis in a 15 g/L agarose gel containing 0.5 mg/L
ethidium bromide. Densitometrical analysis using NIH
imaging software was performed for semiquantification
of the PCR products. The mRNA expression of each
target was evaluated by determining the ratio of the band
intensity to (3-actin and was presented as the percent of

B-actin (%0).

TGF-31 protein level in HSCs

Supernatant samples from the HSCs were analysed for
TGF-B1 using enzyme-linked immunosorbent assays
(ELISA) according to the manufacturer’s instructions.

Statistical analysis

SPSS 13.0 statistical software (SPSS Inc., Chicago, IL)
was used to analyse the relevant data. The results are
expressed as the means & SD. Significant differences be-
tween two groups or more were identified by the paired
Student # test. P values less than 0.05 were considered
statistically significant.

RESULTS

A20 protein over-expression in liver grafts by success-
ful venous adenoviral gene transfer
Immunohistochemical staining confirmed significant
hepatic A20 protein expression on POD 30 (data not
shown) and POD 60 in the group of rats that received
venous A20 adenovirus, whereas only some hepatic A20
protein expression was shown in the rats treated with
rAdEasy and PS POD 30 (data not shown) and POD 60
(Figure 1A-C).

Survival study

The survival days of the liver-grafted rats are shown in
Table 1. The results suggested that the rats in the A20
treatment group survived longer than the rats in the PS
and rAdEasy groups.

Liver fibrosis

Fibrosis of the liver allografts was detected on POD
30 and POD 60 with Masson staining. The histological
findings showed that postoperative administration of
low-dose tacrolimus without A20 treatment resulted in
matked liver fibrosis on POD 60. However, tacrolimus
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Figure 1 Immunohistochemical analysis of A20 expression in liver grafts on postoperative day 30. Representative immunohistochemical sections from FK506
+ physiological saline (A) treated livers demonstrate lower A20 expression compared to the substantial number of A20-positive liver cells in the FK506 + A20 treated
liver grafts (B). Furthermore, the expression of FK506 + rAdEasy (C) is also low. D: The results of the normal control group (brown staining) (original magnification,

400 %).

Table 1 Effect of A20 on the survival of Lewis rats trans-
planted with Dark Agouti livers

Table 2 Serum total bilirubin and alanine aminotransferase

levels after liver transplantation (7 = 5)

Treatment' Survival (d) mean + SD
FK506 + PS 52,57,60,72,78 63.80 £10.83
FK506 + rAdEasy A20 117,121, 123, 128, 136 125.00 + 7.31*
FK506 + rAdEasy 44,50, 57, 58, 67 55.20 £ 8.70

'Lewis rats transplanted with Dark Agouti livers were given 0.1 mg/kg
FK506 for 5 d after transplantation. Lewis rats receiving transplants were
given rAdEasy-A20 (1 x 10° pfu/30 g weight) or rAdEasy or physiological
saline (PS) once every 10 d from postoperative day (POD) 30 to POD 90. ‘P
< 0.01 vs FK506 + PS and FK506 + rAdEasy treatment.

combined with A20 treatment resulted in reduced hepatic
fibrosis (Figure 2).

Serum ALT and TBIL levels

As shown in Table 2, the results showed that postopera-
tive administration of low-dose tacrolimus led to a signif-
icant increase of TBIL and ALT levels on POD 30 and
POD 60. A20 treatment markedly decreased serum TBIL
and ALT levels on POD 30 and POD 60.

A20 decreases hepatic protein production of TGF-31, IL-13,
caspase-8, CD40, CD40L, ICAM-1, VCAM-1 and E-selectin

High levels of TGF-1, IL-1p, caspase-1, caspase-8, CD40,
CD40L, ICAM-1, VCAM-1 and E-selectin protein were
detected in liver grafts from rats that did not receive
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Group ALT (IU/L)
POD 30 POD 60 POD 30 POD 60

FK506+PS  16341+3528 25735+4278 85.72+1647 16543 +24.63

FK506 + A20  66.79+17.56° 9028 +22.37°¢ 37.61+8.06° 63.71+11.38"

FK506 + 187.66+4354 282.75+53.64" 106.37 +21.35 182.93 +28.75"
rAdEasy

TBIL(pumol/L)

"P < 0.01 vs FK506 + physiological saline (PS) or FK506 + rAdEasy; ‘P <
0.01 vs postoperative day (POD) 30. ALT: Alanine aminotransferase; TBIL:
Total bilirubin.

A20 treatment liver graft on POD 30 (data not shown)
and POD 60. However, A20 treatment markedly down-
regulated the protein levels of TGF-f1, IL-1f3, caspase-8,
CD40, CD40L, ICAM-1, VCAM-1 and E-selectin in liver
allografts (Figure 3).

A20 treatment suppresses liver cell apoptosis

Liver cells apoptosis on POD 30 and POD60 were mea-
sured with the TUNEL assay. TUNEL staining revealed
a decreased apoptosis index among the liver cells in the
A20 group (11.83% * 3.52% on POD 30, 14.66% *
3.84% on POD 60) compared with that of the PS group
(20.62% = 5.36% on POD30, 32.78% * 6.74% on POD
60) and rAdEasy group (21.58% =+ 6.17% on POD 30,
35.27% * 7.38% on POD 60) (P < 0.01) (Figure 4).
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Figure 2 Representative liver fibrosis samples from FK506 + physiological saline treated group (A), FK506 + A20 treated group (B) and FK506 + rAdEasy
-treated group (C) on postoperative day 60 (100 x).
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Figure 3 Western blotting analysis and densitometric analysis of associated cytokines in liver graft tissue. Data were expressed as the relative intensity vs
B-actin. °P < 0.05 vs basic control; °P < 0.05 vs FK506 + A20. IL: Interleukin; TGF: Tumor growth factor; ICAM: Intercellular adhesion molecule; VCAM: Vascular cell

adhesion molecule; PS: Physiological saline.

A20 suppresses NF-«B activation of LSECs, KCs and HSCs
The EMSA showed that postoperative low-dose tacro-
limus treatment led to a significant activation of NF-xB
in LSECs, KCs and HSCs on POD 30 (data not shown)
and POD 60, and A20 treatment markedly inhibited NF-
kB activation in these cells (Figure 5).

A20 suppresses cytokine mRNA expression in LSECs
and KCs

High levels of ICAM-1, VCAM-1, E-selectin, IL-13 and
CD 40 mRNA in LSECs, as well as high levels of TGF-f1,
IL-1B and CDA40L, in KCs on POD 30 and POD 60 were
detected by RT-PCR. The increased mRNA expression
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3543

levels of these cytokines were significantly reduced by
A20 treatment (Figure 6).

A20 suppresses TGF-31 protein production in HSCs
The ELISA showed that A20 overexpression significantly
reduced TGF-B1 protein production in HSCs from liver
allografts (Table 3).

DISCUSSION

To improve the survival of OLT patients, it is particularly
important to protect liver grafts from chronic dysfunc-
tion. In the present study, we demonstrated that the zinc
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Figure 4 Terminal transferase dUTP nick end-labelling analysis of liver cells apoptosis (red stained) (original magnification, x 400). Overexpressed A20 in
liver graft resulted in a significantly decreased number of transferase dUTP nick end-labelling-positive liver cells (B) compared with physiological salinegroup rats (A)
and rAdeasy group rats (C) (P < 0.01).

2.5 L

NF-«kB (LSECs) Free lobe

FK506 + rAdEasy
FK506 + A20

NF-«B activity of LSECs
(relative intensity vs the normal control)
-
wu
(]

FK506 + PS

SimlE B NN

N FK506 + PS FK506 + A20 FK506 + rAdEasy

” 1

NF-kB (KCs) Free lobe

FK506 + rAdEasy

o}
& s
‘ FK506 + A20 4 a
1 L

'3 _—

2 05

N e
‘ 0 Il Il Il I}
N

FK506 + PS FK506 + A20 FK506 + rAdEasy

C
2 L
1.5 ¢
a
1 L
0.5
0 I I I J

N FK506 + PS FK506 + A20 FK506 + rAdEasy

NF-«B activity of KCs
(relative intensity vs the normal control)

NF-xB (HSCs) Free lobe

FK506 + rAdEasy

FK506 + A20

NF-«B activity of HSCs
(relative intensity vs the normal control)

FK506 + PS

N

Figure 5 Effects of A20 on nuclear factor-«B activation in liver sinusoidal endothelial cells, Kupffer cells and hepatic stellate cells. Nuclear factor-B (NF-«B)
activation on postoperative day (POD) 60 was determined by electrophoretic mobility shift assay (EMSA). Data were expressed as the relative intensity vs the normal
basic control (N). °P < 0.05 vs basic control; °P < 0.05 vs FK506 + A20. LSECs: Liver sinusoidal endothelial cells; KCs: Kupffer cells; HSCs: Hepatic stellate cells.
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Table 3 Tumor growth factor-B1 levels in the conditioned

media of cultured hepatic stellate cells (7 = 5)

Group TGF-B1 (pg/mL, mean + SD)

POD 30 POD 60
FK506 + PS 1385.80 + 186.84° 2368.62 + 211.58™
FK506 + A20 595.76 + 85.71 718.28 +97.12
FK506 + rAdEasy 1525.32 + 202.66" 2475.33 +194.93™

°P < 0.01 vs FK506 + A20; P < 0.01 vs postoperative day (POD) 30. TGF-p1:
Tumor growth factor-f1.

finger protein A20, a potent negative feedback inhibitor
of NF-kB activation and a hepatoprotective gene, could
suppress chronic liver allograft dysfunction in rats.

The identification of NF-kB as a key factor for the
pathogenesis of allograft rejection suggests that NF-xB-
targeted therapeutics might be useful in transplant pa-
tients. Although many drugs, such as corticosteroids
and cyclosporin, can inhibit NF-gB activation™™*", these
immunosuppressants have few effects on chronic liver al-
lograft dysfunction. Therefore, novel effective agents for
chronic liver allograft dysfunction should be investigated.

Previous studies have identified A20 as a critical com-
ponent of the physiologic hepatoprotective role of
hepatocytes. The effects of A20 on lipopolysaccharide-
induced acute toxic lethal hepatitism’m, liver regenera-
tion™*¥] hepatic I/R injury1301 and liver allograft rejec-
tion”” have been investigated. Furthermore, as a role for
NF-kB is inferred in the pathological changes involved in
chronic liver allograft dysfunction, such as liver cell death,
arterial proliferative occlusive disease and/or bile duct
disappearance, and eventually liver fibrosis, we reasoned
that A20 would probably attenuate chronic liver allograft
dysfunction. In the present study, we found that A20 is
also an effective agent for chronic liver allograft dysfunc-
tion by showing that fibrosis was markedly attenuated in
A20-overexpressing liver allografts compared with the
controls. The suppressed NF-kB activation in LSECs,
KCs and HSCs, the decreased production of TGF-f1,
IL-1pB, caspase-8, ICAM-1, VCAM-1, E-selectin, CD40
and CDA40L, as well as the suppressed level of liver cell
apoptosis, are possible mechanisms for these effects.

Overproduction of TGF-Biis a chief cause of liver
fibrosis. TGF-B1is mainly produced by HSCs and KCs.
HSC has been affirmed to be the main effector cell of
liver fibrosis. As the main macrophage and proinflamma-
tory cell, KCs not only perform phagocytosis, but they
also release many proinflammatory cytokines, includ-
ing TNF-q, 1L.-1, IL-6 and TGF-f1, meaning that the
role of KCs in liver grafts may change during different
phases, including the eatly phase of induction of hepatic
I/R injurym, the acute rejection phase in human liver al-
lografts[42J and during the establishment of tolerance in
the OLT model of transplantation from one Sprague-
Dawley (SD) rat to another SD rat™. However, the role
of KCs in chronic liver graft dysfunction has not been in-
vestigated. IL-1 has been shown to contribute to chronic
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rejection”, T-1 produced by activated macrophages and
many other cell types, including injured ECs, increases
smooth muscle proliferation 7z vitro and the adhesive
properties of the vascular endothelium. LSECs provide a
barrier against the infiltration of the liver graft infiltrating
mononuclear cells (LIMCs), and blocking of adhesion
molecules, such as ICAM-1, on ECs interferes with re-
cruitment of sinusoidal NK-like cells into the rat liver™.
NF-kB activation 1s the key regulatory factor of nuclear
transcription of TGF-f and 1L-1 in these cells; therefore,
inhibition of NF-kB activation could inhibit transcription
of TGF-B and IL-1. In our previous study, we showed
that A20 could inhibit NF-kB activation and apoptosis in
LSECs, which subsequently suppresses ICAM-1 mRNA
expression and recruitment of LIMCs, including T cells
and NK/NKT cells™, Thus, we reasoned that LSECs
and KCs could play important effect on the develop-
ment of chronic liver allograft dysfunction. Therefore,
functional changes of KCs and LSECs in liver allografts,
including NF-kB activation and transcription of TGF-f§
and 11.-1, were investigated in the present study.
Low-dose tacrolimus was administrated post-OLT
for 5 d to induce liver allograft dysfunction in the pres-
ent study. Short-term postoperative administration of
low-dose tacrolimus resulted in significant liver fibrosis
on POD 60 and reduced liver function on POD 30 and
POD 60. Excessive NF-kB activation and a high level
of mRNA expression of ICAM-1,VCAM-1, E-selectin,
IL-1B and CDA40 in LSECs were found on POD 30 and
POD 60. Similar changes were detected in KCs and
HSCs, including marked NF-kB activation and high lev-
els of TGF-B1, IL-1B and CD40L mRNA expression in
KCs, as well as elevated TGF-B1 protein levels in HSCs.
Increased hepatic protein production of TGF-f1, IL-1p3,
ICAM-1, VCAM-1, E-selectin, CD40 and CD40L. were
also detected on POD30 and POD 60. These results
suggested that excessive NF-kB activation and the asso-
ciated production and secretion of cytokines by LSECs,
KCs and HSCs may be the important steps inducing
chronic liver allograft dysfunction. This hypothesis was
confirmed by the results obtained with the combined
A20 treatment. Liver fibrosis and liver function were sig-
nificantly improved by the combined A20 treatment. Fur-
thermore, the NF-kB activity in LSECs, KCs and HSCs
was significantly down-regulated by A20 treatment, and
consequently the elevated cytokines mRNA expression
and protein production were more suppressed. Suppres-
sion of ICAM-1, VCAM-1 and E-selectin production
in LSECs could inhibit the recruitment of LIMCs into
the liver graft[33], reducing the hepatic injury caused by
LIMCs. The down-regulated 1L-1f secretion in LSECs
and KCs might theoretically suppress chronic rejection'”.
The CD40/CDA40 L signalling pathway is a potent activa-
tor of ECs and a promoter of atherosclerosis. A20 works
at multiple levels to protect ECs from CD40/CD40L-
mediated activation and apoptosis. A20-based therapy
could be beneficial for the treatment of vascular diseases,
such as atherosclerosis and transplant-associated vascu-
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lopathym. A20 can also inhibit NF-xB activation induced
by LPS, IL-1 and CD40 cross-linking through a negative
feedback loopm%}. Previous data suggested that Fasl.
expression on APCs and phagocytosis of apoptotic T
cells by Fasl." KCs were indicators of acute and chronic
rejection activity in human liver allograftsw. In the pres-
ent study, the A20-induced decrease in the expression of
I1.-1 and CD40 in LSECs, as well as II.-1 and CD40L in
KCs, might inhibit NF-kB activation in LSECs through
a negative feedback loop and protect LSECs from apop-
tosis, subsequently inhibiting recruitment of LIMCs into
the liver graft. Suppression of NF-kB activation in KCs
could inhibit hepatic ischemia/reperfusion injury, which
represents an important cause of chronic liver allograft
dysfunction. The decreased expression of TGF-f: in
KCs and the suppressed NF-kB activation in HSCs by
A20 might inhibit the transition from HSCs to myofibro-
blast-like cells and consequently suppress TGF-fB1 protein
production in HSCs. The present study also revealed
suppressed TGF-f1 production and reduced fibrosis in
combined A20-treated liver grafts.

A20 has a dual cytoprotective function in ECs and he-
patocytes. In addition to its anti-inflammatory function,
A20 is also antiapoptotic through inhibition of the cas-
pase cascade at the level of initiator caspase 8. A20
can also protect hepatocytes from TNF-mediated apop-
tosis”*?. Furthermore, it has been well-established that
hepatocytes undergo apoptotic cell death in the course of
rejection of a liver graft, and apoptosis is a mechanism
of cell death in liver allograft rejectionHS’%J. FasLL expres-
sion on activated NK cells was augmented[47’48], and Fasl.
ligation to Fas expressed on hepatocytes could mediate
hepatocyte apoptosism’sm. In the present study, high levels
of caspase-8 and caspase-1 protein were demonstrated in
the liver grafts with chronic dysfunction, and caspase-8
but not caspase-1 production was markedly decreased
by A20 treatment. This result was the opposite of the
findings presented in the previous study" in which hepa-
tocyte growth factor significantly suppressed the produc-
tion of caspase-1 but not caspase-8 in liver allografts with
chronic dysfunction. However, the A20-induced decrease
in hepatic caspase-8 production observed in the present
study was consistent with the report by Daniel e# 2/,
who demonstrated that A20 could protect ECs from
TNF-, Fas-, and NK-mediated cell death by inhibiting
caspase-8 activation. Our previous studyl33J also showed
a marked down-regulation of the number of LIMCs by
A20, including a more prominent decrease in the subpro-
portion of NK and NKT cells in the liver allograft. Thus,
we could hypothesise that A20 could inhibit infiltration
of LIMC (including NK cell) by suppression of LSEC
caspase-8 activation in the liver allograft and conse-
quently attenuate hepatic injury, including acute rejection
and chronic dysfunction. In the present study, liver cell
(including hepatocyte) apoptosis increased chronic dys-
function progressed, and the apoptosis indices in the PS
group and the rtAdHasy group on POD 60 were markedly
higher than on POD 30 in the same groups. However,
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A20 treatment significantly inhibited liver cell apoptosis,
and the results showed that the apoptosis index on POD
30 and POD 60 in A20 group were similar.

In summary, A20 could protect the liver allograft
from chronic dysfunction, which might be caused by the
re-established functional homeostasis of KCs, LSECs
and HSCs, as well as the suppressed liver cell apoptosis.

COMMENTS

Background

In spite of the introduction of the use of tacrolimus in liver transplantation re-
cipients, the incidence of chronic liver allograft dysfunction is still high in long-
surviving recipients. Chronic liver allograft dysfunction, which results in the
loss of approximately 2000 liver grafts every year, has a great impact on liver
graft function and long-term survival. The mechanisms of chronic liver allograft
dysfunction are still unclear, and there is no effective treatment. The possible
factors that induce chronic liver allograft dysfunction include immune and non-
immune events.

Research frontiers

Many important events, such as activation of liver graft sinusoidal endothelial
cells (LSECs), activation of Kupffer cells and hepatic satellite cells, atheroscle-
rosis, hepatic fibrosis and liver cells’ apoptosis through nuclear factor-kB (NF-
«B) activation, were reproduced in the rat model of chronic liver allograft dys-
function, and the effects of the zinc finger protein A20 on chronic liver allograft
dysfunction were investigated, including the effects of A20 on recipient survival,
hepatic fibrosis and liver function, NF-xB activation in LSECs, Kupffer cells
and hepatic stellate cells, liver cell apoptosis, and the expression of the related
cytokines.

Innovations and breakthroughs

This study sought to elucidate the cellular mechanisms of chronic liver allograft
dysfunction. This study also intended to provide a theoretical basis for the use
of A20 as a treatment of liver allograft chronic dysfunction.

Applications

The study results suggest that the zinc finger protein A20 may be an effective
tool for the prevention and treatment for chronic liver dysfunction after liver
transplantation.

Terminology

A20 is a zinc finger protein originally identified as a tumor necrosis factor-
responsive gene in endothelial cells (ECs). A20 is expressed in multiple cell
types, including fibroblasts, B cells, T cells, and B cells, in response to a variety
of stimuli that activate NF-«kB, including interleukin-1, lipopolysaccharides, phor-
bol 12-myristate 13-acetate, H202 and CD40 ligand. In ECs and hepatocytes,
A20 has a dual cytoprotective function. It has been shown that A20 is a protec-
tive gene for the liver.

Peer review

This is an original study in which the authors provide strong evidence demon-
strating the important finding that the zinc finger protein A20 might protect liver
allografts from chronic dysfunction. These results are easily comprehensible
and convincing. Additionally, the study explores the cellular and molecular
mechanisms of chronic liver allograft dysfunction.
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