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Asan, Korea ¥
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PIVKA-II: protein induced by vitamin K absence or antagonist-II, AFP: alfa-fetoprotein
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p<0.05

MRFEL

X2

35 By - SRR A

®2 B F BN ITUIRBRERRC I 7/ BN L L 5T

Ak g (A/B/C)

AFP (£300/>300ng/ml)
PIVKAII (<300 / >300 mAU/m/)
R R P N ERRE (/)

HEREA R ML 5 -/ +)

S GE /- AR D
FEE R (<2 / >21)

fEER (<3 />3 cm)

10/5/0 3/2/0 n.s.
11/4 5/0 n.s.
14/1 2/3 < 0.05
14/1 4/1 n.s.
13/2 4/1 1.s.
4/11 0/5 1n.s.
11/4 2/3 n.s.
9/6 3/2 n.s.

AFP : alpha-fetoprotein, PIVKA-II: protein induced by vitamin K absence or antagonist-II
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Cumulative cases with recurrence

3 6 9 12 12~

Months after recurrence

3

Cumulative cases with recurrence

3 6 9 12
Months after recurrence
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) IR X 5 2 FEHEPTRESI D T U B ol 35 7 S8 D RO P S ARX
B) ¥ 3 7 BEHEPREGI D ITFUT R £ P Fe D REIRFAO P R AR

&3 YIER 7 RESSRTUIRRBRERICI 7 BERE L2 /T

firkEEE (A/B/O)

AFP (<300 / >300 ng/ml)
PIVKAII (<300 / >300 mAU/m/)
MR T NERRE (/+)
MEERO M REC )
AEGE /- AR EED
FEE A% (<3 / >3 /)

JEBE ¢ (<6 / >6 cm)

9/2/2

10/3
4/9
12/1
11/2
2/11
6/7
12/1

18/4/0 n.s.
11/11 n.s.
4/18 n.s.
13/9 <0.05
7/15 < 0.05
0/22 <0.05
1/21 <0.05
5/17 <0.05*

AFP : alpha-fetoprotein, PIVKA-II: protein induced by vitamin K absence or antagonist-II

* L BB BT p<0.05
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#F4 HE Up to Seven FHEN M IITYIERTA T FEIREIZ Up to Seven ZEHEPN & 7z B 1K1

RS (A/B/C)

AFP (<300 / >300 ng/ml)

PIVKAII (<400 / >400 mAU/m/)

FRE AT PNERRE (/)
RN AEHREE (/0

b GE /- AR EED

SR (<3 />3M)

JEERE (<4 />4 cm)

34/1/1 7/1/0 n.s.
28/8 7/1 n.s.
26/10 2/6 <0.05
34/2 7/1 n.s.
33/3 6/2 n.s.
10/26 1/7 n.s.
35/1 8/0 n.s.
33/3 3/5 <0.05

AFP : alpha-fetoprotein, PIVKA-IL: protein induced by vitamin K absence or antagonist-II

Up-to-7 : Up to Seven

SevenZHEN & 5 5 DIE82% TH D, HIE
Up to Seven Fe#E4} 2> 5 P 3 ¥ Up to Seven Kt
WAL K 5HE43% EHNERICED 5 72,
X 512, #IH Up to Seven HEHEP TS
Up to Seven B ¥#EN & 75 5 72 8 ORI (X EE
B4 emPLF, PIVKA-II400 mAU/mi Wi ( #&
4), #IE Up to Seven ZEHES DY EEHBEIZ Up to
Seven F¥EN & 7 5 R IXEE 2 & LB T
b o7-(F5). LarL, BRI Upto Seven

IFRERE 63215 - 20114E7H

FHUEN T B - 72 FER A3 Up to Seven Ft #E |~
WY 5 & TOHM, Tabb Y- Uhf
FENE DR T BE 2 AR X, #IEIT)ER I Up
to Seven AHEN & FLUES TI3 I A<, B
RS & & 72 LT S EM S R bz
(X5A, [X5B). L 724 - TUpto Seven

He A & ITHERERTE % & B 72 Up to Seven 3
BAANDOBRBEO ) 2 7 PR E TR 5
SN THEEEI LN UELD,

131

- 166 -
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AFP (<300 / >300 ng/mi) 9/3 9/7 1n.s.
PIVKAII (<400 / >400 mAU/mi) 1/11 1/15 n.s.
FHRE S AT RS (/+) 10/2 9/7 .s.
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S GE /- AR EED 5/7 1/15 <0.05
JEESEERE B2 (< 3 / >3 1) 7/5 13/3 n.s.
% (<4 / >4 cm) 2/10 0/16 n.s.

AFP : alpha-fetoprotein, PIVKA-II: protein induced by vitamin K absence or antagonist-II
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Background. Allograft dysfunction after liver
transplantation requires histopathologic examination
for confirmation of the diagnosis, however, the proce-
dure is invasive and its interpretation is not always ac-
curate. The aim of this study was to find novel protein
markers in bile for the diagnosis of acute cellular rejec-
tion (ACR) after liver transplantation.

Materials and Methods. Quantitative proteomic
analysis using the %0 labeling method was used to
search for bile proteins of interest. Nine recipients
were selected who had liver dysfunction, diagnosed
by liver biopsy, either with ACR (ACR group, n = 5)
or without (LD group, n = 4). Donor bile samples
were obtained from nine independent live liver do-
nors. Enzyme activity in bile samples was assayed
and liver biopsy specimens were immunostained for
candidate protein of ACR.

Results. The analysis identified 78 proteins, among
which alanine aminopeptidase N (APN/CD13) was con-
sidered a candidate marker of ACR. Comparative anal-
ysis of the ACR and LD groups showed high APN
enzyme activity in three (60%) of five cases of the ACR
group, while it was as low as donor level in all patients
ofthe LD group. APN enzyme activity in bile samples of
liver dysfunction liver transplantation (LDLT) recipi-
ents of the ACR group collected within 3 d before
biopsy-confirmed ACR (r = 10) was significantly
higher (584 =+ 434 U/g protein) than in those of
recipients free of ACR (n = 96, 301 = 271 U/g protein)

1 To whom correspondence and reprint requests should be ad-
dressed at Department of Surgery, Osaka University Graduate School
of Medicine, 2-2 Yamadaoka, Suita city, Osaka 565-0871, Japan.
E-mail: smarubashi@gesurg.med.osaka-u.ac.jp.

@

(P = 0.004). APN overexpression along bile canaliculi
was observed during ACR in all five cases of the ACR
group.

Conclusion. APN in bile seems to be a useful and
noninvasive biomarker of ACR after liver transplanta-
tion. © 2011 Elsevier Inc. All rights reserved.

Key Words: living donor liver transplantation; bile;
alanine aminopeptidase N (APN); acute cellular rejec-
tion; proteomic analysis; %0 labeling method.

INTRODUCTION

Liver transplantation (LT) is a widely accepted as an
effective and life-saving treatment for end-stage liver
disease or acute liver failure. Despite improvement in
immunosuppressive therapy and continuous advances
in surgical techniques, the patient and graft survival
rates after liver transplantation remain around 80%
at 1y and 70% at 5 years according to the databases
of the United Network for Organ Sharing (UNOS)
and Japanese Liver Transplant Society. The subopti-
mal outcome is due to the complexity of management
of allograft liver function. Acute cellular rejection, re-
currence of viral hepatitis, de novo hepatitis, drug-
induced hepatitis, and/or other causes of allograft
dysfunction occur during the early period after liver
transplantation, and some of these pathologies could
mimic the histologic and clinical presentation of each
other, which emphasizes the need for the development
of new techniques for accurate diagnosis of early allo-
graft dysfunction. Acute cellular rejection (ACR) ac-
counts for 7% to 42% of living liver transplant
recipients [1-3], but other conditions should be always

0022-4804/$36.00
© 2011 Elsevier Inc. All rights reserved.
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considered in the differential diagnosis. Therefore,
a feasible and reproducible diagnostic method for ACR
is important in clinical practice.

In kidney transplantation, urinary enzymes or low-
molecular weight proteins are considered useful
markers of ACR during the early post-transplantation
period [4, 5]. Other biomarkers of ACR after renal
transplantation are being investigated at present using
proteomic analysis of urine [6, 7]. Analogous to kidney
transplantation, several studies reported the identifica-
tion of serum and bile biomarkers of ACR after liver
transplantation [8-15]. Our group reported previously
that interleukin-6 (IL-6) in bile correlated with ACR af-
ter liver transplantation in rats and deceased liver
transplantation in human [16, 17]. Another group
reported that intercellular adhesion molecule-1
(ICAM-1) in bile was associated with ACR after liver
transplantation [8, 9]. However, a subsequent study
from another group showed that these protein markers
in bile were not associated with ACR [12] after liver
transplantation. Thus, no specific biomarker in bile as-
sociated with ACR in liver transplantation is yet
available.

In the present study, we used 20 labeling-based pro-
teomic analysis of bile after liver transplantation to
identify candidate proteins in bile that can predict allo-
graft rejection. The proteomic analysis identified the
enzyme alanine aminopeptidase N (APN/CD13) as
a candidate marker for ACR after liver transplantation.
In the second part of the study, we evaluated APN in
clinical samples of the donors and recipients of liver
transplantation. The results indicated that APN seems
to be a useful and noninvasive marker for ACR after
liver transplantation.

MATERIALS AND METHODS

The present prospective study was approved by the Human Ethics
Review Committee of Osaka University, and a signed consent form
was obtained from each patient.

Quantitative Bile Analysis by '®0 Labeling Method to Identify
Biomarkers of Acute Cellular Rejection After Liver
Transplantation

Bile Samples

To identify novel candidate biomarkers of bile proteins for ACR
after liver transplantation, we first analyzed three bile samples [ob-
tained on postoperative day (POD) 1, 4, and 14] from a single liver
transplant recipient who developed ACR, in whom ACR was con-
firmed by histopathology of liver biopsy on POD7. The patient
showed improvement of liver function tests on POD14 following ste-
roid recycle therapy, and a repeat liver biopsy on POD14 showed
amelioration of ACR. Relative quantitative protein analysis using
180 labeling was applied to this set of bile samples from this
recipient.

Preparation of Bile Sample

The crude bile sample (protein concentration: 1.0 mg/mL) was
centrifuged at 4°C, 14,000 rpm for 60 min by using microcon YM-10
(MWCO 10 kDa) (Millipore, Bedford, MA) for desalting and concen-
tration. The sample was washed with 100 uL of 100 mM Tris-HCl
buffer (pH 7.8) by centrifugation at 4°C, 14,000 rpm for 60 min. The
resultant protein fraction was dissolved in lysis buffer [8 M urea
and 1 mM ethylenediaminetetraacetic acid (EDTA)] and incubated
at 37°C for 30 min, and then reduced with 25 mM dithiothreitol
(DTT) at 37°C for 3 h, followed by alkylation of the thiols with
55 mM iodoacetoamide in the dark for 30 min. The protein concentra-
tion was determined by the Bradford method (Pierce, Rockford, IL).

SDS-PAGE and In-Gel Digestion

The proteins (200 ug per lane) were separated by 15% sodium do-
decyl sulfate -polyacrylamide gel electrophoresis (SDS-PAGE). After
electrophoresis, the gel was stained with Sypro-Ruby solution. Each
lane was cut into 20 contiguous slices at the same position in the
gel. All gel slices were incubated in a solution of 100 mM NH,HCO;
and 30% acetonitrile at 40°C for 30 min, and the supernatant was dis-
carded; this process was repeated twice. All gel slices were placed in
50 mM Tris-HCI, pH 9.0, and then subjected to in-gel digestion with
lysylendopeptidase (substrate:enzyme ratio, 50:1) at 37°C, overnight.
The protein digest was applied to a reverse-phase resin (InertSep
RP-1; GL-Science, Tokyo, Japan) for desalting, and the effluent was
dried under vacuum.

Post 10 Labeling

The digested peptides, derived from bile samples harvested on
POD1, POD4, and POD14, were re-dissolved in buffer (50 mM Tris-
HCI, pH 9.0), prepared with Hy'0 and H'®0, respectively, and incu-
bated overnight with lysylendopeptidase (substrate:enzyme ratio,
200:1) at 37°C. Then, the samples were boiled at 100°C for 10 min
for inactivation of the enzyme. Equal amounts of the '0-labeled
(POD4) and non-labeled peptide pools (POD1 or POD14) were mixed
and desalted with InertSep RP-1. The mixtures of POD1+POD4
and POD4+POD14 were subjected to strong cation-exchange(SCX)-
high performance liquid chromatography(HPLC).

SCX-HPLC, Nano-Flow RP-HPLC, and Protein Identification
by MALDI-MS /MS

The peptides were applied to a column (TSK-Gel SP-2SW I.D. 1.0 X
150 mm) in the L.C system (Agilent 1100series, Agilent Technologies),
and eluted into 20 fractions by using a linear gradient (solution A, 10
mM phosphate, pH 3.2, 10% CH3CN, versus solution B, 1 M NaCl in
solution A). Each of the 20 fractions was further separated using
a CygPepmap column (0.075 X 150 mm, Dionex, Sunnyvale, CA) in
an Ultimate nano-LC system (Dionex). A linear gradient using sol-
vent A (0.1% trifluoroacetic acid in water) and solvent B (0.1% tri-
fluoroacetic acid in acetonitrile) were used for the separation; the
peptides were eluted by increasing solvent B from 5% to 25% over a pe-
riod of 55 min, and then from 25% to 50% over a period of 20 min, at
a flow rate of 200 nL/min. The effluents were monitored at 214 and
280 nm, and directly blotted onto a flat surface of a stainless steel
plate [a matrix-assisted laser desorption ionization (MALDI) sample
plate]. Thereafter, the matrix solution (5 mg/mL of a-CHCA) was blot-
ted manually onto each sample spot, and then air-dried.

The overall protein identification was carried out by the MALDI-
TOF/TOF (4700 proteomics analyzer, Applied Biosystems, Framing-
ham, MA) followed by database search using Mascot ver. 2.0 (Matrix
Science, Manchester, UK). Ions were generated by irradiating the
sample area with a 200 Hz Nd:YAG laser operated at 355 nm. Calibra-
tion was performed using [M + H]" ions of a mixture of angiotensin I
(m /2 1296.6), dynorphin (m /z 1604.0), ACTH (1-24) (m /2 2932.6), and
B-endorphin (m/z 3463.8).
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Western Blot Analysis

Each bile sample was diluted by 50 mM Tris-HCI (pH 7.8) and 20 ug
of bile protein was electrophoresed onto 10% SDS-polyacrylamide gel
and transferred electrophoretically to Immobilon PVDF membrane
(Millipore). After the addition of a blocking solution (5% nonfat dry
milk, 0.1% Tween-20, and PBS), the membrane was incubated over-
night with the recommended dilution of gout anti- CD13 (APN) poly-
clonal antibody (1:100; Santa Cruz Biotechnology, Santa Cruz, CA).
The primary antibodies were washed in a solution of 0.05% Tween-
20 and PBS and then incubated with horseradish peroxidase-
conjugated secondary antibody. Proteins were visualized using
enhanced chemiluminescence reagent (Amersham Pharmacia Bio-
tech, Piscataway, NdJ) followed by exposure to X-ray film.

Evaluation of APN in Bile Samples After Living Donor Liver
Transplantation

Patients

A total of 53 patients underwent living donor liver transplantation
between June 2004 and January 2009 at our hospital. The inclusion
criteria for the study were living donor liver transplant recipients
with liver dysfunction within 3 months after liver transplantation.
The latter was confirmed by liver biopsy with the diagnosis of either
ACR or liver dysfunction other than ACR (nonACR). Donor bile sam-
ples were also obtained from nine live liver donors.

The immunosuppressants used after liver transplantation included
tacrolimus or cyclosporine A, with or without mycofenolate mofetil
(MMF) and corticosteroids. Following the histopathologic diagnosis
of ACR, steroid recycle therapy was started with 1 g of methylprednis-
olone, followed immediately by steroid tapering to 20 mg/d. After the
steroid recycle therapy, a second liver biopsy was obtained to confirm
the allograft status and establish the effect of treatment on ACR.

Allograft dysfunction was defined as serum total bilirubin greater
than 2.0 mg/dL and/or increased levels of aspartate aminotransferase
(AST) and/or alanine aminotransferase (ALT) above the normal
ranges. The diagnosis of ACR was based on histopathological exami-
nation conducted by two independent expert transplant pathologists.
We classified recipients with liver dysfunction into two groups, liver
dysfunction with ACR (ACR group) and liver dysfunction without
ACR (LD group).

Bile Sample Collection

Bile samples were collected from living donors from the common
bile duct via 3 Fr tube during surgery. Bile samples were collected
from the biliary external drainage tube inserted into the bile duct dur-
ing liver transplantation. Bile samples from the liver transplant re-
cipients were prospectively collected from the biliary external
drainage tube inserted into the bile duct during liver transplantation
at POD1 to POD7 daily, POD10, POD14, POD21, POD28, and POD90
(when the external biliary drainage tube was removed). We also col-
lected other bile samples during the course of the liver biopsy proce-
dure. Bile samples were handled under sterile conditions, divided
into several corning tubes, and stored at —80°C until analysis.

Enzyme Activity Assay of Alanine Aminopeptidase N (APN)

We used alanine-p-nitroanilide hydrochloride (Calbiochem) as
a substrate of APN, as described by Jung and Scholz [18]. APN activ-
ity was measured at 405 nm at 37°C by monitoring the increase of ab-
sorbance of p-nitroanilide liberated by APN during 30 min. The
amount of APN that converted 1 uM of the substrate into p-nitroani-
lide at 37°C for 30 min was taken as a unit of enzyme activity. Each
bile sample was diluted to 1:300 by 50 mM Tris-HCI (pH 7.8). Then
each sample started the reaction by adding the substrate 2 mmol/L al-
anine-p-nitroanilide hydrochloride. A standard curve was obtained
between 0-20 mU APN (porcine kidney) using alanine-p-nitroanilide.

Each diluted bile sample (100 uL) and 30 pL of the substrate solution
were applied into each well, and the diluted bile sample (100 uL)
and 50 mM Tris-HC1 (pH 7.8) buffer (30 uL) were applied in each of
the other wells. After incubation at 37°C for 30 min, the optical den-
sity (OD) was measured at 405 nm by a UV/VIS spectrophotometer
(Ultrospec 1100pro; GE Healthcare Biosciences, Uppsala, Sweden).
Each bile sample was quantified using ‘Coomassie’ Bio-Rad protein
Assay (Bio-Rad, Hercules, CA). The final APN activity (mU) was ex-
pressed relative to the amount of protein (mg) in the bile sample.

Immunostaining of Alanine Aminopeptidase N (APN)

Liver biopsy specimens of the ACR group (n = 5) and LD group (n =
4) were evaluated by immunostaining. In each case, we evaluated the
expression of APN in graft liver biopsy specimens at three time points,
(1) post-reperfusion during liver transplantation, (2) at the time of
liver dysfunction, and (3) stable allograft function after treatment of
allograft dysfunction.

Each liver biopsy specimen was fixed in formalin, embedded in par-
affin, and cut into serial sections of 4 um thickness. These were depar-
affinized in xylene and rehydrated through a graded series of ethanol.
Immunohistochemical staining was performed using a Vectastain
ABC peroxidase kit (Vector Laboratories, Burlingame, CA). The sec-
tions were treated for antigen retrieval in 0.01 M sodium citrate
buffer (pH 6.0) for 40 min at 95°C, followed by incubation in methanol
containing 0.3% hydrogen peroxidase at room temperature for 20 min
to block endogenous peroxidase. After blocking endogenous biotin, the
sections were incubated with normal protein-block serum solution at
room temperature for 20 min in wet condition, to block nonspecific
staining. Then they were incubated overnight at 4°C with the primary
antibody, anti-CD13 (3D8, mouse monoclonal IgG, diluted 1:100,
Santa Cruz Biotechnology). After washing three times for 5 min in
PBS, the sections were incubated with a biotin-conjugated secondary
antibody (horse anti-mouse for CD13) at room temperature for 20 min
and finally incubated with peroxidase-conjugated streptavidin at
room temperature for 20 min. The peroxidase reaction was then devel-
oped with 3,3’-diaminobenzidine tetrachloride (Wako Pure Chemical
Industries, Osaka, Japan). Finally, the sections were counterstained
with Mayer’s hematoxylin. For negative controls, sections were
treated similarly except they were incubated with non-immunized
rabbit IgG or Tris-buffered saline (TBS) instead of the primary anti-
body. Immunohistochemical staining was assessed by two investiga-
tors independently, without the knowledge of the corresponding
clinicopathologic data.

Image Analysis for APN Immunostaining in the Liver

After immunostaining for APN in graft liver biopsy specimens, we
evaluated the expression of APN using an image analysis software
(Win roof ver. 5.6; Mitani Corporations, Fukui, Japan). Images were
captured with a X400 magnification under constant exposure control.
Threshold tools were used to precisely define and measure the total
hepatocyte area and the APN-stained area. The fields were edited
manually to eliminate nonspecific artifacts. The average area of three
fields was analyzed in each biopsy specimen. The percentage of APN
immunostaining area per total field hepatocyte area was computed.

Statistical Analysis

Values were expressed as mean * SD. Differences between groups
were examined for statistical significance using the two-tailed ¢-test.
Correlations analyses were performed using Pearson’s correlation co-
efficient. P value <0.05 was considered statistically significant. All
statistical analyses were performed using StatView software, ver. J
5.0 for Windows (SAS Institute, Cary, NC).
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