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Abstract

AIM: To examine the protein expression alterations in liver
injury/repair network regulation as a response to gut-derived
lipopolysaccharide (LPS) treatment, in order to anticipate
the possible signal molecules or biomarkers in signaling LPS-
related liver injury.

METHODS: Male BALB/c mice were treated with intra-
peritoneal (i.p.) LPS (4 mg/kg) and sacrificed at 0, 6, 24
and 30 h to obtain livers. The livers were stained with
hematoxylin and eosin for histopathologic analyses. Total
liver protein was separated by two-dimensional gel
electrophoresis (2-DE). The peptide mass of liver injury or
repair related proteins were drawn up and the protein
database was searched to identify the proteins.

RESULTS: Observations were as follows: (1) TRAIL-R2
was down regulated in livers of LPS-treated mice. TNFAIP1
was significantly up regulated at 6 h, then down- regulated
at 24, 30 h with silent expression during senescent stage.
(2) The amount of metaxin 2 and mitochondria import inner
membrane translocase subunit TIM8a (TIMM8A) was
increased upon treatment with LPS. (3) P34 cdc2 kinase
was significantly up-regulated 30 h after LPS administration
with silent expression during senescent, 6, 24 h treated
stage. (4) The amount of proteasome activator 28 alpha
subunit (PA28), magnesium dependent protein phosphatase
(MDPP) and lysophospholipase 2 was decreased 6 h after
LPS treatment but recovered or up-regulated 24 and 30 h
after LPS treatment.

CONCLUSION: LPS-treated mouse liver displaying a time-
dependent liver injury can result in expression change of
some liver injury or repair related proteins.
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INTRODUCTION
Humanintestinal tract accumulates Gram-negative bacteriathat
supply lipopolysaccharide (LPS). Gut-derived L PS reachesthe
first target organ liver through portal venous flow and results
in hepatic clearance or tissue damage. Recent studies have
shown that peritoneal macrophages in cirrhotic patients may
secret angiogenic products when stimulated by LPS and
accumulatein liver injury™™3. In vivo experiments also indicate
LPS may cause liver injury in normal subjects and exaggerate
liver injury in alcohalic liver diseasd*™. That is, chronic liver
diseases suffering from subsequent L PS attack would result in
much severer clinical findings. The precise mechanisms
underlying LPS-treated liver injury remain unclear. Several
studies of liver protein expression exposed to some hepatotoxic
agents have revealed certain changes which illustrated the
pathogenesis of liver injury in some extent'>4#9, However, most
reported researches focused only on some partial signaling or
effecter molecules on alimited view!*>", Protein expression
changes of liver exposed to L PS remains to be established.
The goal of the present study was to dynamically examine
protein expression alterationsin liver tissuesfrom mice exposed
to LPSadministration, in order to anticipate of the possible signal
molecules or biomarkersin signaling LPS-related liver injury.

MATERIALS AND METHODS

Reagents

Ultra pure reagents for polyacrylamide gel preparation were
obtained from Bio-Rad. Eighteen cm immobilized pH gradient
(IPG) strips (pH3-10 L), IPG buffer and dry strip cover fluid
were purchased from Amersham Pharmacia Biotech (Uppsala,
Sweden). 3-[(3-cholamidopropyl) dimethylammonio]-
propanesulfonate (CHAPS), glycine, ammonium persul phate
(APS), TEMED, trifluoroacetic acid were obtained from Amresco
(Solon, OH, USA). Dithiothreitol (DTT), PM SF, lodoacetamide,
ures, thiourea, a-cyano-4-hydroxycinnaic acid (CCA), TPCK-
Trypsin, E.Coli LPS 0111:B4 were purchased from Sigma
Chemica (St Louis, MO, USA). AcetonitrilewasHPL C grade.
Ten pL ZipTip™C18 tip were purchased from Millipore
Company (USA).

Animal treatment protocol

Male BALB/c mice (supplied by Laboratory Research Animal
Center, 2™ Xiangya Hospital, Central South University), 6 wk
of age and weighing 19-21 g, were used. The animals were
housed individually in mouse gang cages in cleaning-grade
controlled room. The Hunan Association accredited the house
facility for Accreditation of Laboratory Animal Care, and all
animal handling procedures were in conform to the Guide for
the Care and Use of Laboratory Animals. Four groups of five
mice each received intra-peritoneal (i.p) RPMI-1640 medium
treatment (control) and L PS (diluted in RPM1-1640 medium)
4 mg/kg for 6, 24, 30 h, respectively. Mice were killed by
decapitation, liver sasmples were removed and flash-frozen in
liquid nitrogen and kept at -70 °C until proteomicsanalysis. For
histopathologic research, liver dicesfrom theright lateral obes
wereimmersion-fixedin 40 g/L neutral buffered formal dehyde,
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routinely processed to 5-um thick paraffin sections, stained
with hematoxylinand eosin (HE) and examined by light microscopy.

Sample preparation™*”

Liver samples were homogenized in eight volumes of 8 mol/L
urea, 2mol/L thioureg, 40 g/L CHAPS, 20 g/L Triton X-100, 5g/L
DTT, 1 mmol/L PMSF, 1 mmol/L EDTA, 40 mmol/L Tris.
Homogenates were centrifuged at 42000 g at 20 °Cfor 1 h (LE-
80K ultracentrifuge, Type 90 rotor, Beckman). Supernatant was
removed, divided into several aliquots and stored at -70 °C
until to be used. Protein concentration of each sample was
measured by Bradford method™.

Two-dimensional gel electrophoresisi*4
Thefirst-dimensional isoelectrical focus (1EF) was performed
on precast 18 cm |PG strips at 20 °C with a maximum current
setting of 50 pA/strip using an Amersham Pharmacia |PGphor
| EF unit. The stripswere rehydrated at 30 V for 16 hin 350 pL
samples containing 8 mol/L urea, 20 g/L CHAPS, 20 mmol/L
DTT, 5¢g/L IPG buffer. Eight hundred g proteins was applied
to each IPG strip. After rehydration, IEF run was carried out
using thefollowing conditions: 500V, 500 Vh; 1000V, 1000 Vh;
8000V, 40000 Vh. Then, the strips were subjected to atwo-step
equilibration. Thefirst waswith an equilibration buffer consisting
of 6 mol/L urea, 300 g/L glycerol, 20 g/L SDS, 50 mmol/L Tris
(pH8.8) and 10 g/L. DTT. The second equilibration buffer was
the same, only with DTT substituted by 25 g/L iodoacetamide.
After the strips were transferred onto the second-dimensional
0.75 mm thick 125 g/L sodium dodecy! sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) gel, the stripswere sedled in
placewith 7.5 g/L agarose. Electrophoresiswas carried out at a
constant current of 25 pA/gel at 12 °C until bromophenol blue
reached the edge of gels.

Silver staining

Gelswere fixed in 400 mL/L ethanol, 100 mL/L acetic acid in
water for 30 min, and then sensitized with 2 g/L. sodiumthiosulfate
for 30 min. After the gelswere rinsed twice with water for 5min
each, they wereincubated in 2.5 g/L silver nitrate for 20 min.
After the silver nitrate was discarded and rinsed with three
changesof ditilled water for 5 min each, the gelswerevisuaized
in 25 g/L sodium carbonate in 0.004% formalin until the desired
intensity was attained. Then the gelswere incubated with 14.6 g/L
EDTA disodium dihydrate for 10 min to stop the development.
Thegtaining procedure was performed by three rinses with water
for 5min each.

Quantitative gel pattern analysis

Stained 2-D gels were scanned on a UMAX powerLook 11
scanner (Amersham Biosciences). Image analysisand Group Wise
statistical comparisons were performed using the Image Master
2D v3.01 software (Amersham Pharmacia). The protein spot
intensity was arbitrarily calculated by integrating the optical
density over the spot areato search for treatment-related protein
change. The amount of protein was marked by volumes (Axarea)
and expressed as mean+SD. Statistical difference was analyzed
by analysis of Variance (ANOVA). The cutoff of quantitative
protein changes between control and treated groups was made
at P<0.05.

Protein digestion and protein identification by MALDI-TOF-MS[012
Destaining Protein spots of interest were excised from the 2-D
gels and washed 3 times in distilled water, destained with
15 mmol/L potassium ferricyanide in 50 mmol/L sodium
thiosulfate, dehydrated in acetonitrile and finally dried in a
centrifugal vaporizer.

Reduction and alkylation Gd pieceswereincubatedin 100 mmol/L

NH,HCO; by adding 10 mmol/L DTT at 57 °Cfor 1 h. After they
werecooled, 100mmol/L NH,HCO;with 55 mmol/L iodoacetamide
was added and incubated at room temperaturein dark for 30 min.
Supernatant was removed and samples were washed twicein
100 mmol/L NH,HCOzand dehydrated in 1 000 g/L acetonitrile,
finally dried in acentrifugal vaporizer.

In-gel digestion Gel pieces were rehydrated in a digestion
buffer containing 0.1 mg/mL TPK-trypsinfor 30 min. After excess
buffer was discarded, the gel pieceswere covered with digestion
buffer and proteins were in-gel digested for 24 h at 37 °C.
Deionization Digested peptides were pipetted out and into to
make them attached ina10 pL ZipTip™C18tip, washed twice
with ImL/L trifluoroacetic acid.

MALDI-TOF-M Sfor proteinidentification Thematrix solution
wassaturated in 500 g/L acetonitrile, 1 g/L. TFA inwater. Peptides
weredlutedwith5uL MALDI matrix, 2.0 uL mixed solutionwas
|oaded to the sample plate target and allowed to air-evaporate.
MALDI experimentswere performed on aPerspective Biosystem
Voyager-DE STR time-of-flight mass spectrometer (Applied
Biosystems VVoyager system 4307, USA) equipped with delayed
ion extraction. Datawere acquired in the delayed ion extraction
modeusinga20KYV accelerating voltage and a 100 nsextraction
delay time. Dual microchannel plate detection was utilized in
thereflector mode with theion signal recorded using atransient
digitizer. The performance of the mass spectrometer produced
sufficient mass resol ution to produceisotopic multiplet for each
ion species below amass-to-charge (m/z) of 3000. All MALDI
mass spectrawere internally calibrated using masses from two
trypsin autolysis products (monoi sotopic masses 2163.05 and
2273.15). The software package Protein Prospector (prospector.
ucsf.edu) was used to identify protein spots. The mouse
nonredundant (NR) database Genpept.5.1.2002 was used in
searches. The search parameters used were asfollows: Cysteines
modification mode as carbamidomethylation, maximum allowed
peptide mass error 50 ppm, more than four peptide mass hits
required for protein match, up to oneenzymatic missed cleavage.
A restriction was placed on species of origin, pl (experimental
pl+/- 1.00 pH unit) and protein mass (experimental molecular
mass +/- 50%).

RESULTS

General health and histopathology

All subjects were inspected for general health before, during
and after LPS exposure. Throughout the study, no animal
experienced mortality that was determined to be related to the
exposure. Nine of 10 animal that were treated by exposure to
LPS for 24, 30 h experienced visible signs of laziness and
retardation. Light microscopic examination of HE sectionsfrom
L PS-treated micereveaed that alarge number of inflammatory
cellsinfiltrated portal areaswith additional focal hepatocel lular
necrosis 24, 30 h after i.p. LPS (4 mg/kg)!*3.

Table 1 Relative amount of 8 injury/repair related liver pro-
teins in response to LPS treatment (mean=SD)

LPS
Liver  Control
protein 6h 24 h 30h
1 9 800+32 1 130+41 absent absent
2 9 952+21 11 020+26 34 060+19 29 800+24
5 absent 38 040+18 19 50042 20 540+34
6 12 420+24 absent 15 500432 17 200+30
9 absent absent 1 200+35 41 500+29
13 absent 4 500+42 8 900+44 10 500+32
447 43 20021 3 200+35 absent 54 400+32
524 absent absent absent 9 500+23
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Table 2 Results from search of Genpept.5.1.2002 database for Musculus protein sequences with tryptic peptide masses

Protein MOWSE Masses Coverage Protein Protein  Accession Protein name
NO. score matched (%) (%) M, Pl NO.
1 36.2 4 27 42 677 6.5 Q9QzM4 TRAIL receptor 2
2 56.3 5 45 35 646 6.0 P47802 Metaxin 2
5 29.5 4 32 36 134 8.0 070479 TNF-a induced protein 1
6 47.9 4 26 28 673 5.7 P97371 Proteasome activator 28-alpha subunit (PA28)
9 76.1 4 20 34 191 7.8 P11440 P34 cdc2 kinase
13 25.3 4 26 11 043 5.1 QIWVA2 Mitochondria import inner membrane translocase
subunit TIM8 A (TIMMB8A)
447 23.2 4 22 42 795 5.0 452526 Magnesium dependent protein phosphatase (MDPP)
524 37.3 4 25 24 794 6.7 P47713 Lysophospholipase 2
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Figure 1 Partial 2-D images of mouse liver proteins from (a;, a,) a control animal and animals treated with 4 mg/kg i.p LPS (by, by)
6 h, (cy, c2) 24 h, (d,, d;) 30 h. The spots representing proteins whose levels changed following LPS treatment are shown. al, b1, c1, d1
represent the relative same partial map after different LPS-treated onset. a2, b2, c2, d2 represent another relative same partial map.
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Figure 2 Peptide mass fingerprint of MDPP (spot447). The spot
was in-gel digested with trypsin. After desalted, the peptide
mixture was analyzed by MALDI-TOF-MS. All MALDI mass
spectra were internally calibrated using masses from two trypsin
autolysis products (monoisotopic masses 2 163.05 and 2 273.15).

2-DE and relative abundance change

Theresolutionin 2-DE slver-gtained gel sresulted in gpproximately
1000 spots. The volumes (Axarea) and coordinates of each
spot (pl and MW) were determined to select thefineright proteins

among candidates. There were significant alterations in 40
protein spots following LPS treatment when compared with
each other, P<0.01. These 40 proteins were identified by
MALDI-TOF-MS (data not shown). Figure 1 (A-D) showsthe
location of 8 injury/repair related proteinsin illustrated partial
2-DE mapsof control and L PS-treated mice, respectively. Table 1
summarizes the relative amount of these considered proteins.
The amount of protein 1 was 9 800 in the control and down-
regulatedto 1 130in 6-h group, absent in 24-, 30-h group. Protein
5 was significantly up-regulated 6 h after L PS treatment, then
down-regulated 24 h and 30 h after L PS treatment with silent
expressionin thecontrol. Proteins2 and 13 wereincreased upon
treatment with LPS. Protein 9 was significantly up-regulated
30 h after LPStrestment with silent expressionin control, 6, 24 h
treated stage. Proteins 6, 447 and 524 were decreased in amount
6 h after LPStreatment, recovered and up-regulated 24 and 30 h
after LPS trestment.

Identity of injury/repair related proteins

The proteins were cut from 2-DE gels and subjected to tryptic
digestion. The 8 proteinsanalyzed by peptide massfingerprinting
yielded searchable masses and resulted in the identification
(Table 2). Figure 2 indicates the peptide mass fingerprint of
MDPP (spot447) as arepresentative.

DISCUSSION
It hasbeen proved that gut-derived L PS provokesliver inflammation
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with focal hepatocyte injury and increases the sensitivity of
hepatotoxicity to carbon tetrachloride, concanavalin A, D-
galactosamine and ethanol induced liver damage*514. Therole
of LPSsignaling pathway in theinitiation and early propagation
of immune response has been deeply demonstrated®®. In
this study, liver injury occurred apparently 24 h after LPS
adminigtration. Itindicated that L PS could promote hepatotoxicity
by indirect mechanisms. Some immediate signaling or effecter
molecules may play a pivotal role in this delayed injurious
response.

In our research, TNF-related apoptosis-inducing ligand
receptor 2 (TRAIL-R2), TNF-a inducible endothelia protein 1
(TNFAIP1) and mitochondria apoptosis signaling related
proteins metaxin 2, mitochondria import inner membrane
translocase subunit TIM8a (TIMMB8A) were demonstrated to
beinvolved intheinitiation of liver injury of LPS-treated mice
and consistent with the histological change of liver tissue.

A recent research showed that L PS administration could
result in elevated circulating TNF-a and up-regulation of gene
transcription for TNF-a as early as 2 h after administration(,
Then, TNF-a related apoptosis pathway played a control role
in mediating the tissue injury. TRAIL was recently reported to
promote apoptosis of carcinogenic cells by binding to the
transmembrane receptors. Theresulting desth-inducing signaling
complex consisting of TRAIL, TRAIL-R2 and caspase-8,
initiated the subsequent cascade of Caspases mediating
apoptosig’8, The down-regulation of TRAIL-R2 in livers of
L PS-treated mice could result in rather a protective mode of
normal hepatocytes. Theinduction of TNFAIP1 has been shown
to be apoptosis-specific, suggesting that TNF-a related apoptosis
istriggeredin liver cellsof LPS-treated mice at earlier stage®®.

Metaxin 2 is bound to the cytosolic face of mitochondria
outer membraneby itsinteractionwith membrane-bound metaxin
1, and this complex may play arole in protein import into
mammalian mitochondria. The requirement of metaxinin TNF-
induced cell death has been confirmed by in vitrol224, |t has
beenfoundthat TIMMB8A exigtsinthemitochondriaintermembrane
space which mediates the import and insertion of inner
membrane proteing?24, These two mitochondria proteins are
required for normal physiological balance. Treatment-mediated
changes of these proteins were likely to associated with
mitochondriaapoptosis. How mitochondriarelated pro- or anti-
apaoptotic proteinsareinvolved inliver injury needsto befurther
demonstrated.

Tissue repair associated proteins, p34 cdc2 kinase and
proteasome related proteins, showed some controversial
expression in response to LPS-treated liver injury. p34 cdc2
kinase belongs to the Ser/Thr family of protein kinases. The
sequential activation and inactivation of p34 cdc2 kinase of
eukaryotic cellsare required for it to entry into mitosis and to
exitfromit. In addition, asustained activation of it during mitotic
arrest has been associated with anti-microtubule agents-
induced apoptosis®?, In this study, we found significant
histopathol ogical changesin micelivers24 hafter L PStreatment.
p34 cdc2 kinase of mice liverswas significantly up-regulated r
30 h after LPS administration with silent expression during
senescent, 6-, 24-h treated stage. It indicated that the enhanced
expression of p34 cdc2 kinase was subsequently present to
severe hepatic damage. It islikely that up-regulation of p34
cdc2 kinasein L PS-treated micewas morereflective of mitogenic
response rather than antimitogenic activities. That is, cell division
and tissue repair occurred as events opposing to tissue injury
and could limit the extent of liver injury. It seemed possible that
p34 cdc2 kinase could act by promoting mitosis and tissue
repair, thus contributing to tissue repair responseto L PS-treated
liverinjury.

The biological implications of amount in abundance of
proteosome related proteins in mice liver response, including

proteasome activator 28 alpha subunit (PA28), magnesium
dependent protein phosphatase (MDPP) and lysophospholipase
2, which decreased in amount 6 h after LPS treatment but
recovered or up-regulated 24 and 30 h after L PStreatment, were
even less clear. Previous study demonstrated that PA28 could
bind to and activate the proteasome by the al pha subunit(?”,
MDPPisanew member of the halo acid deha ogenasefamily which
has been found to be competent to catalyzing dephosphorylation
of tyrosine-phosphorylated proteing®!. Lysophospholipase 2
was implicated in the initiation of inflammatory response by
mediating cell division and differentiation>.

It isconcluded that proteosome related proteins play amajor
rolein theinitiation of tissue repair program opposing to tissue
damage. While the function, pathway interactions and ultimate
biological outcomes of these changes in protein expression
remainsto be explained by further research.

In summary, the current investigation used 2-DE to
characterize the proteome of LPS-treated mice liver that
displayed atime-dependent liver injury in some liver injury or
repair related proteins. In this study, 8 liver injury or repair
related proteins were identified whose expression levels were
dtered at different time points after LPS treatment. TNF related
apoptosisinduced by L PStreatment could provoke aninitiation
response in tissue repair.
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