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Abstract

In orthotopic liver transplantation (OLT), tolerance is induced in a certain combination of donors and a recipient in rats and, in some clinical
cases, rejection has not occurred in OLT patients after weaning off immunosuppression. However, this mechanism has not yet been elucidated.
Among our cases of liver transplantation (LTx), one OLT patient (Patient A) has not required immunosuppressive drugs for the last 5 years,
following post-transplant lymphoproliferative disease (PTLD). This patient's serum interleukin-2 levels were undetectable following withdrawal
of immunosuppressants. The same serum taken after discontinuing the immunosuppressants inhibited concanavalin A blast cultured cells and up-
regulated the IL-4/IFN-γ gene expression ratio. These results suggested that other proteins were induced following withdrawal of
immunosuppressants. Proteomic assay demonstrated 12 differentiated spots exclusive to this patient where immunosuppressants have been
discontinued. Haptoglobin, found to have immunosuppressive activity in vitro, may play an important role in the maintenance of drug-free
tolerance as a natural immunological suppressor after cessation of immunosuppression. Proteomic analysis will allow us to develop a novel
weaning protocol for patients on long-term immunosuppression to avoid major immunosuppressant-related complications.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In solid organ transplantation, rejection is inevitable and
must be treated with long-term immunosuppressive agents, such
as tacrolimus and cyclosporin A, which cause deleterious side
effects [1–3]. It is unethical to randomly terminate immuno-
suppressive therapy among transplant recipients simply to
investigate its natural course. In our series of 245 living donor
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liver transplantations (LDLT), one recipient has not received
any immunosuppressive agent in the last 5 years following a
diagnosis of post-transplant lymphoproliferative disease
(PTLD). This successful cessation of immunosuppressive
drug therapy, although incidental, was found to be one of the
most effective therapies for lymphoma after transplantation. If a
reliable marker for allograft tolerance is available allowing safe
termination of immunosuppressants at a stage following
transplantation, similar recipients may avoid developing PTLD.

Our objective is to investigate cytokines and proteins in the
serum of this immunosuppressant-free liver transplant recipient,
which may act as tolerance markers. The development of
effective monitoring markers which may indicate when
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immunosuppressants can be safely withdrawn will result in less
recipient exposure to these immunosuppressants and avoid
immunosuppressant-related complications.

2. Materials and methods

2.1. Serum collection

All serum samples were stored at −70 °C until analysis. Serum samples were
taken after obtaining informed consent from the parents or guardians of the
patients, as well as ethics approval from the Chang Gung Memorial Hospital.

2.2. Patient characteristics

Fifteen biliary atresia (BA) patients (10 males and 5 females; mean
age=5.5 years; range=4–7 years) underwent LDLT and treated with
immunosuppressant were enrolled in this study. One of these patients, who
underwent Kasai's operation in 1990 at the age of 2 months, was able to be
completely weaned from immunosuppressants. In 1994, the patient underwent
living related liver transplantation (LRLT) and was treated with an immuno-
suppressive regimen consisting of a calcineurin inhibitor (cyclosporin A, CsA)
and steroids. After 5 years, the patient suffered PTLD, which required the
cessation of the immunosuppressive drugs as well as comprehensive
chemotherapy. Nevertheless, this patient has not needed immunosuppressive
drugs for 5 years since the remission of the PTLD. Sera of this patient were
collected from 1994 (before liver transplantation) to 2004. Sera of all healthy
volunteers (n=10; 5 males and 5 females, mean age=32 years; range=27–
36 years) were obtained from donors for liver transplantation. All participants
provided informed consent for the use of sera in these studies.

2.3. Time course of IL-2 level in the serum of a drug-free patient

The concentration of interleukin-2 (IL-2) in the serum of a drug-free patient
was determined by standard enzyme-linked immunosorbent assay (ELISA)
using an antibody preloaded kit (Pierce-Endogen, Rockford, IL, USA) at
different numbers of days before and after weaning off immunosuppressants.

2.4. 5-(6)-Carboxyfluorescein diacetate succinimidyl ester (CFSE)
labeling

Peripheral blood mononuclear cells (PBMCs) obtained from healthy
volunteers were labelled by 5-(6)-[carboxyfluorescein diacetate succinimidyl
ester] (CFSE, Sigma, St. Louis, MO, USA) as previously described [4]. Briefly,
a 5-mM stock solution of CFSE in dimethyl sulfoxide (DMSO, Sigma) was
thawed and diluted to 5 μM in a volume of phosphate-buffered saline (PBS)
equal to that in which the responder cells (1×107 cells/ml in PBS) were
suspended and incubated at 37 °C for 10 min. The labelling process was
quenched by adding an equal volume of heat-inactivated fetal bovine serum
(FBS, GIBCO™ Invitrogen Corporation, Carlsbad, CA, USA) to the sample.
After 1 min, the CFSE-labeled cells were washed twice, recounted and adjusted
to a concentration of 1×106 cells/ml in AIM-V serum-free culture medium
(GIBCO™ Invitrogen), and then stimulated with 2.5 μg/ml of concanavalin A
(ConA, Sigma) and 10 ng/ml of phorbol myristate acetate (PMA, Sigma). An
equal number of cells (1×106 cells/ml) was prepared in a total volume of 200 μl
per well in 96-well round-bottom microculture plates. Sera of different groups
(normal controls, BA patients under the treatment of immunosuppression and
Table 1
Characteristics of primers and PCR conditions

mRNA Sense primer Antisense primer

GAPDH 5′-CCATGGAGAAGGCTGGGG-3′ 5′-CAAAGTTGTCAT
IL-2 5′-ATGTACAGGATGCAACTCCTGTCTT-3′ 5′-GTCAGTGTTGAG
IL-4 5′-CAACTTTGTCCACGGACAC-3′ 5′-TCCAACGTACTC
IFN-γ 5′-GCTGTTACTGCCAGGACCCA-3′ 5′-GCGTTGGACATT
patient A before and after weaning of immunosuppression) were supplemented
into the ConA blast culture at different concentrations (2% and 4%) and were co-
cultured at 37 °C in a humidified atmosphere with 5% CO2. Cultured cells from
each well were harvested after 4 days. CsA (10 μg/ml) was added into ConA
blast culture as a positive control. Fluorescence staining was performed on an
Epics® ALTRA™ flow cytometer (Beckman Coulter, Inc., Fullerton, CA, USA)
using EXPO32 software. The residual cells were stored at −70 °C until analysis.

2.5. RNA isolation and reverse transcription

RNAwas extracted from PBMCs with a ConA blast culture using TRIzol®
reagent (GIBCO™ Invitrogen) according to the manufacturer's instructions.
cDNA was synthesized from total RNA employing ImProm-II™ Reverse
Transcriptase (Promega Biosciences, Inc., San Luis Obispo, CA, USA)
following the manufacturer's instructions. The cDNA were then amplified by
polymerase chain reaction (PCR) in a total volume of 50 μl containing 3 μl of
cDNA, 1 μl of the 10-μM PCR primer, 5 μl of 25-mM dNTP, 5 μl of 10-fold
PCR buffer, 35.5 μl of H2O, and 0.5 U Taq enzyme (Roche Molecular
Biochemicals, Mannheim, Germany). The human-specific PCR primers are
shown in Table 1. The PCR reaction was hot-started at 94 °C for 2 min to
denature all cDNA samples. After the initial denaturation step, the cDNA
samples were subjected to rounds of denaturation (94 °C for 40 s), annealing at
55 °C to 60 °C for 30 s, and extension at 72 °C for 30 s. Each reaction was
completed by heating at 72 °C for the final 10 min. The samples were amplified
with different cycle numbers based on optimal amplification efficiencies: 30
(glyceraldehyde-3-phosphate dehydrogenase (GAPDH)), 22 (interferon gamma
(IFN-γ) and IL-2) and 30 (IL-4). The amplification products were separated by
electrophoresis on 2% TBE agarose gels and stained with ethidium bromide.
The gel profiles were visualized (photographed) with ultraviolet illumination gel
documentation (UVItec, Cambridge, UK) and analyzed with ultraviolet
illumination photo version 99 (UVItec) and TotalLab software version 1.00
(Nonlinear USA, Inc., Durham, NC, USA). PCR products were titrated to
establish standard curves for documenting linearity and permitting semiquanti-
tative analysis. Levels of gene expression were expressed as the ratios of
densities between PCR products and GAPDH in the same sample. All
experiments were repeated three times.

2.6. Two-dimensional (2-D) electrophoresis

Approximately 5 μl of serum samples were solubilized in a rehydration
buffer containing 8 M urea, 2% of 3-[(3-cholamidopropyl) dimethyl-ammonio]-
1-propane sulfonate (CHAPS), 0.002% of bromophenol blue, 0.5% of
immobilized pH gradient (IPG) buffer (pH 3–10 linear) and 18 mM
dithiothreitol (DTT). The samples were then separated by 13 cm Immobiline
DryStrip 3–10 linear on sn IPGphor Isoelectric Focusing System (Amersham
Bioscience Corp., Piscataway, NJ, USA, and Uppsala, Sweden) in the first
dimension. The running conditions of the IEF were as follows: 30 V for 12 h;
500 V for 1 h; 1000 V for 1 h; 8000 V for 2 h; up to 17 kV h. Before second-
dimensional sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS–
PAGE), the IPG strips were equilibrated for 15 min in an equilibration buffer
containing 50 mM Tris–HCl (pH 8.8), 6 M urea, 2% of SDS, 30% of glycerol,
1% of DTT and a trace of bromophenol blue. A second equilibration was
performed with 2.5% of iodoacetamide in the same buffer with displaced DTT.
The IPG gel strips were embedded on top of the gels. SDS–PAGE was carried
out on 10% acrylamide gels at 24 mA/gel until the bromophenol blue dye front
reached the bottom of the gel. After approximately 5 h, all of the gels were
visualized by a silver staining method (Amersham), and the gel profiles were
visualized (photographed) with UVI gel documentation (UVItec) and analyzed
Annealing temperature (°C) Sample cDNA (bp)

GGATGACC-3′ 55 196
ATGATGCTTTGAC3′ 60 458
TGGTTGG-3′ 60 345
CAAGTCAG-3′ 60 332



Table 2
Concentration of IL-2 cytokines in the serum of patient A

Days IL-2 concentration (pg/ml)

POD 3 a 33.5±2.3
POD 7 44.5±3.9
Weaned of IMSb N.D. c

a POD: early postoperative period.
b IMS: immunosuppressant.
c N.D.: undetectable <23 pg/ml.
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with UVI photo version 99 (UVItec). Protein isoelectric points (pI values) and
molecular weights were assigned by pI calibration markers and molecular
weight markers (Bio-Rad Laboratories, Inc., Burlington, MA, USA), respec-
tively. Protein spots were quantified using the Image-Master 2D Elite software
(Amersham). Each experiment was repeated at least three times.

2.7. In-gel tryptic digestion of target proteins and mass spectrometry

Protein spots of interest were excised from the two-dimensional gels and
destained in 30 mM potassium ferricyanide/100 mM sodium thiosulfate for
15 min. They were then washed three times with 25 mM ammonium
bicarbonate/50% acetonitrile for 10 min, reduced in 10 mM DTT/ 25 mM
ammonium bicarbonate for 1 h and alkylated in 55 mM iodoacetic acid/
25 mM ammonium bicarbonate at room temperature. After 45 min, the gel
pieces were incubated with 100 μl of 25 mM ammonium bicarbonate for
15 min. The supernatant was removed with 25 mM ammonium bicarbonate/
50% acetonitrile and the samples were washed in 100% acetonitrile. The gel
was then dried using a SpeedVac concentrator. The dried gel pieces were
swollen in 10 μl of 25 mM ammonium bicarbonate containing 0.1 μg trypsin
(Promega) and then incubated at 37 °C for 16 h. Peptides were subsequently
extracted with 50 μl of 5% formic acid/50% acetonitrile, and dried with the
SpeedVac concentrator. The peptides or pellets were resuspended in 30 μl of
0.1% formic acid/5% acetonitrile/95% ddH2O. The obtained peptides were
stored at −20 °C until analysis.

2.8. Liquid chromatography–mass spectrometry

The dimethylated tryptic peptides were analyzed by a Q-TOF micro
spectrometer (Micromass, Manchester, UK) equipped with a nanoflow high
performance liquid chromatography (HPLC) system (LC Packings, Amster-
dam, Netherlands). Briefly, a tryptic digest solution (10 μl) was injected onto
a column (NAN75-15-03-C18-PM; 75 μm×15 cm) packed with C18 beads
(3 μm, 100 Å pore size, PepMap). Mobile-phase buffer A consisted of 5%
acetonitrile in 0.1% formic acid; mobile-phase B was 95% acetonitrile in
Fig. 1. Physiological changes in aspartate aminotransferase (AST) and alanin
immunosuppression.
0.1% formic acid. The peptides were first separated using buffer A for
5 min, and subsequently using a linear gradient of 0–50% solvent B over
55 min at a flow rate of 200 nl/min. For sequencing, MS/MS spectra were
obtained by a survey scan and automated data-dependent mass spectrometry
(MS) analysis was carried out using the dynamic exclusion feature built into
the MS acquisition software. Each MS scan was followed by four MS/MS
scans of the first four most intense peptide mass peaks to obtain as many
collision-induced dissociation (CID) spectra as possible. The peptide
sequences were identified using Mascot Search (www.matrixscience.com);
identified proteins were categorized based on functions as described in the
Swiss-Prot database.

2.9. Immunoblotting of transthyretin

The serum samples from liver transplantation recipients, which included
approximately 30 μg total proteins, were added into each well for SDS–
PAGE. The proteins were separated in 10% SDS–PAGE gels and transferred
to immune-Blot PVDF (polyvinylidene difluoride) membranes (Bio-Rad)
using a Mini Trans-Blot system (Bio-Rad) in transfer buffer (39 mM
glycine, 48 mM Tris, 20% methanol) at 0.12 mA for 90 min. The
membranes were blocked with 5% skimmed milk in PBS/0.05% Tween-20
(PBST) (1 h, 37 °C), and all the washing steps were performed with PBST
(3×5 min). The membranes were incubated with diluted prealbumin rabbit
polyclonal IgG (Santa Cruz Biotechnology, Santa Cruz, CA, USA) (1:500 in
PBST/2% milk) overnight at 4 °C, and washed and further incubated with
anti-rabbit IgG coupled to horseradish peroxidase-linked secondary antibody
(1:5000 in PBS-T/2% milk) for 1 h at room temperature. Color development
was performed with ECL Plus™ detection reagents (Santa Cruz
Biotechnology).

2.10. Statistical analysis

Descriptive statistics, mean, standard deviation and range were used where
appropriate. For comparison of groups the one-way ANOVA and Duncan post
hoc test were used where appropriate. Results are given as mean values
±standard deviation of the mean. A p<0.05 was considered to indicate
statistical significance.

3. Results

3.1. IL-2 level in the serum of a weaned patient

IL-2, a product of activated T-helper type 1 lymphocytes, is thought to be
one of the main cytokines responsible for acute allograft rejection. Therefore,
we investigated whether IL-2 concentrations increase after weaning off
immunosuppressants. During immunosuppressant treatment in our patient, the
e aminotransferase (ALT) in patient A before and after the cessation of

http:www.matrixscience.com


Fig. 2. Immunosuppressive activity of sera from patients. (A) Histogram plots (a, b) show the cell proliferation after ConA stimulation (R1: resting lymphocytes; R2
ConA blast). Histograms (c–h) gated by R1 and R2 show the cell division associated with CFSE labeling of human PBMCs: (c) PBMCs alone; (d) ConA blast; (e
ConA blast mixed with CsA (10 μg/ml); (f) ConA blast mixed with control serum; (g) ConA blast mixed with the serum of a BA patient (p′t); (h) ConA blast mixed
with serum from patient A, who received immunosuppressants; and (i) ConA blast mixed with serum from patient A after weaning off immunosuppressants. The data
are representative of three independent experiments with essentially similar characteristics. (B) Sera of patient A after the cessation of immunosuppressants stil
possess immunosuppressive activity. **Significantly suppressed as compared with normal control serum. IMS (+): immunosuppressants therapy; IMS (−): cessation
of immunosuppressants.
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Fig. 2. (continued).

Fig. 3. Cytokine gene expression in ConA blast cultured with or without various
sera. mRNA was isolated from PBMCs blasted by ConA with or without sera
from control subjects, BA patients, or patient A. The mRNAwas used to obtain
first-strand cDNA, which was then used as a template in reverse transcriptase–
polymerase chain reaction (RT–PCR) according to the protocols described in
Materials and methods. (A) Th1 and Th2 cytokine gene expression (IL-2, IFN-γ
and IL-4). Lane 1: marker; Lane 2: ConA blast; Lane 3: ConA blast cultured
with control serum; Lane 4: ConA blast cultured with BA p′t serum; Lane 5:
ConA blast cultured with patient A serum before cessation of immunosuppres-
sion; Lane 6: ConA blast cultured with patient A serum after cessation of
immunosuppression; Lane 7: negative control. (B) The ratio of IL-4/IL-2 and IL-
4/IFN-γ in ConA blast cultured with various sera. The relative gene expression
was quantified by densitometric analysis. The bars indicate the average density
values from three independent experiments. IMS (+): immunosuppressants
therapy; IMS (−): cessation of immunosuppressants.
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IL-2 levels in serum taken after OLT were 33.5 pg/ml±2.3 on day 3 and
44.5 pg/ml±3.9 on day 7. Interestingly, withdrawal of immunosuppression
decreased IL-2 levels to undetectable levels (Table 2), suggesting that serum
after weaning off immunosuppressants following OLT includes some factors
which suppress IL-2 production. Aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were maintained in normal ranges after
withdrawal of immunosuppression (Fig. 1).

3.2. Suppression of the lymphocyte proliferative response by the serum
of a weaned patient

Sera from various groups including normal controls, BA patients after
OLT, and patient A before and after weaning off immunosuppressant
therapy following OLT were tested for their ability to suppress the in vitro
proliferative response of ConA stimulation. CFSE-labeled cells were
stimulated by ConA, 2% and 4% (data was not shown) of the sera of
various groups were added to the ConA stimulation at the initiation of
culturing. CFSE fluorescence was detected by flow cytometry. Two percent
of the sera obtained from post-transplant BA patients or from patient A
before and after weaning off immunosuppressants was found to be able to
inhibit lymphocyte proliferation compared to healthy controls (Fig. 2A and
B). The averages of trough levels of CsA in OLT patients are very high
during immunosuppressive treatment. After the withdrawal of immunosup-
pression, the agent's CsA level is zero (Table 3). It is well know that
jaundice suppress the proliferation and activity of lymphocytes, the total
bilirubin (T-BIL) levels of this patient was within normal ranges (Table 3).
These results indicate that the serum of an immunosuppression-weaned
patient still contains immunosuppressive factors.
Table 3
Profiles of the clinical populations in this study

Group Number of
individuals
(N)

Age
(±S.D.)

Age at Tx (±S.D.) Before Tx
T-Bil a

(mg/dl)

(A) Normal 10 38 (2.5) – –
(B) Patient A 1 14.9 3 years/10 months 20.2
(C) Biliary atresia 14 5.9 (0.6) 1.5±0.7 25.3±6.6
a T-Bil: Total bilirubin (mean±S.D.).
b T-Bil and CsA levels in biliary atresia patients were mean of serum in this studi
c IMS: immunosuppressant.
d Cyclosporin A, CsA levels in serum.
e N.D.: undetectable.
3.3. Cytokine profiles in ConA blast cultured with serum of a weaned
patient

RNA was extracted from ConA blast co-cultured with diverse sera. The
IL-4/IL-2 ratio of ConA blasts co-cultured with the sera of post-transplant BA
patients or an immunosuppressant-weaned patient was not significantly
different from that of ConA blasts co-cultured with the sera of control
volunteers. In contrast, the IL-4/IFN-γ ratio of ConA blast co-cultured with
During
1 month
after Tx
T-Bil
(mg/dl)

Past 5 years b Weaning off IMS c

T-Bil (mg/dl) CsAd (ng/ml) T-Bil (mg/dl) CsA (ng/ml)

– – – – –
3.6±2.1 0.64±0.2 272.0±130.7 0.72±0.2 N.D. e

3.3±2.9 0.75±0.3 711.3±487.0 – –

ed.
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the serum of an immunosuppressant-weaned patient was higher than that of
other groups (Fig. 3).

3.4. Serum protein profiling of the serum of a liver transplant patient
before and after complete withdrawal of immunosuppression

The mechanisms involved in graft acceptance in a liver transplant
patient following cessation of immunosuppressive drugs remain largely
unclear. We hypothesize that some serum proteins may be exerted in the
cascades when drug-free tolerance is induced. First, we carried out
conventional comprehensive 2-DE analyses of serum proteins from a liver
transplant patient before (Fig. 4A(a)) and after complete withdrawal of
immunosuppression (Fig. 4A(b)). After separation by 2-DE, the differ-
entiated protein spots were identified by LC quadrupole time-of-flight MS
(LC/Q-TOF MS). A total of 27 spots displayed a significant in abundance
in each gel when compared between groups (Fig. 4). Fifteen spots, which
appeared in sera taken before the withdrawal of immunosuppression, were
Fig. 4. 2-D analysis of serum from patient A before and after the cessation of immun
dimensional SDS–PAGE was then performed in 10% SDS–PAGE. The protein pa
expression before and after the cessation of immunosuppression. Each spot volume w
stained 2-DE (ImageMaster 2D Elite software). Solid bar: expression of protein in the
of protein in the serum from patient A's after cessation of immunosuppressant thera
extremely reduced or absent in sera taken after the cessation of
immunosuppression. Conversely, the remaining 12 spots were found to be
more abundant in quantity after the complete withdrawal of immunosup-
pression (Fig. 4A(b)) but were markedly decreased or absent in serum
samples taken before the complete withdrawal (Fig. 4A(a)).

3.5. Sequential identification of sera proteins

In order to determine the protein factors which might be specific to OLT
drug-free tolerance, 27 target protein spots were selected and identified with a
combination of peptide mass fingerprinting (PMF) and peptide C-terminal
sequencing (Fig. 5). The spots were then classified into two categories according
to volume expression before and after the cessation of immunosuppressants. In
the 27 spots we identified 13 different proteins: haptoglobin, haptoglobin
precursor, complement component 3 precursor, complement component C4A,
ceruloplasmin, immunoglobulin gamma-1, apolipoprotein A-IV precursor, Ig
heavy chain V–III region, hemopexin precursor, transthyretin, alpha-1-
osuppressants. (A) Sera (5 μl) were placed onto a linear 3–10 IPG, and second-
tterns were visualized by silver staining. (B) Changes in the levels of protein
as determined and quantified from the intensity of spots derived from the silver-
serum from patient Awith immunosuppressant treatment; open bar: expression
py.



Fig. 5. Identification of transthyretin. A LC/MS spectrum obtained by in-gel trypsin digestion of the spot marked 22 in Table 3. By means of Mascot 9 peptides withm/
z-values could be matched to Accession No. gi339685 human transthyretin from the Swiss-Prot database.
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antitrypsin, proapolipoprotein and apolipoprotein AI (Table 4). The 27 mass
spectrometry identifications each had a Mascot score over 82.

3.6. Immunoblotting of transthyretin expression in the OLT serum of
an immunosuppressant-weaned patient

To view the 2-D gel profile, after immunosuppressant withdrawal the data
showed that transthyretin protein increased compared to immunosuppressant
treatment. To the explored transthyretin expression, sera of OLT patients and
healthy controls were collected. After immunosuppressant stop in the drug-free
patient, transthyretin protein was shown to have high levels of expression in
the serum more than the healthy, BA patients when they accepted the
immunosuppressant (Fig. 6).
Table 4
Proteins identified from patient A before and after withdrawal from immunosuppres

Spot no. Protein name Mascot score
(NCBInr No.)

S

Before cessation of immunosuppressants C

6–7 Complement component 3 precursor >190 (gi4557385)
8 Complement component C4A 82 (gi44367)
9 Ceruloplasmin 148 (gi180249) 1
10, 12–18 Immunoglobulin gamma-1 >144 (gi19717684) 2
19 Ig heavy chain V–III region 54 (gi106482) 2
20–21 Hemopexin precursor 188 (gi386789) 2

2

4. Discussion

With respect to rejection, cytokines also play a crucial role
in acute rejection. Several studies have examined the
relationship between various cytokines and rejection in
attempts to predict failure of immunotherapy after OLT [5–
7]. One of the Th1 cytokines, IL-2, is thought to be one of the
main cytokines responsible for acute allograft rejection. The
central role of IL-2 in T-cell activation and proliferation has
been well documented [8–10]. In liver transplantation,
Roayaie et al. have also reported that IL-2 levels in stable
sant therapy

pot no. Protein name Mascot score (NCBInr No.)

essation of immunosuppressants

1–3 Haptoglobin >152 (gi1212947)
4–5 Haptoglobin precursor >166 (gi67586)
1 Apolipoprotein A–IV precursor 379 (gi28762)
2 Transthyretin 163 (gi339685)
3 alpha-1-antitrypsin 151 (gi177827)
4 Apo-AI 250 (gi253362)
5–27 Haptoglobin >123 (gi1212947)



Fig. 6. (A) Western blot analysis using an anti-prealbumin antibody. Control sera (n=10), BA p′t sera (n=14), and patient A serum under immunosuppressant therapy
(6 different time points) or after the cessation of immunosuppressants (20 different time points) were run on a 10% SDS–PAGE gel using a mini gel apparatus, and
fractionated proteins were electronically transferred onto a transfer membrane. Anti-prealbumin antibody and anti-rabbit IgG–HRP were used as the first and second
antibodies, respectively. (B) The expression of transthyretin (prealbumin) was quantified by densitometric analysis. IMS (+): immunosuppressants therapy; IMS (−):
cessation of immunosuppressants.
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recipients treated with immunosuppressive drugs are signifi-
cantly lower than during the acute rejection phase [6,9]. In the
present study, we have demonstrated that the IL-2 level of
patient A was undetectable after weaning off immunosup-
pressants, suggesting that the rejection reaction of this patient
may have been inhibited by other immunosuppressive factors
after the cessation of immunosuppression. This speculation
was well supported by showing the inhibitory effect of the
serum (up to 2%) of patient A on ConA blast formation, as
compared to that of the sera of normal volunteers (data not
shown). In the cytokine paradigm of ConA blast added to
serum in recipients of liver allografts, only patient A showed
an increased IL-4/IFN-γ ratio after immunosuppressant with-
drawal, suggesting that the serum of this patient after weaning
included some factors capable of inducing Th2-type responses
and of down-regulating natural killer (NK) cell activity [11].
In the present study, proteomic analysis demonstrated that 27
spots were significantly different before and after immuno-
suppressant cessation (Table 4).

Although most of the identified proteins are not specific to
tolerance, we are particularly interested in haptoglobin, of
which level after withdrawal of the immunosuppressants was
higher than that during immunosuppressant treatment. Hap-
toglobin has also been differentiated as an immunosuppres-
sive protein in serum in a rat tolerogenic OLT (DA-PVG)
model through the proteome approach [12]. In previous
studies, we and other researchers have ascribed anti-
inflammatory and immunosuppressive activities to haptoglo-
bin [12–14]. For example, haptoglobin has been suggested to
play a role in maternal–fetal tolerance induction known to
reduce leukocyte activity by competitive binding to CD11b/
CD18 [15]. Additionally, it reduces adhesion and invasion of
the leukocytes to extracellular matrices; it may serve as an
early protection against maternal immune cells; and may
further induce immunological tolerance [13,16]. In view of
the results of the present study, haptoglobin may play an
important role in maintaining drug-free tolerance as a natural
immunological suppressor during immunosuppressant cessa-
tion. Additionally, haptoglobin specifically interacts with both
resting and activated CD4+ and CD8+ T cells, and plays a
modulating role in the Th1/Th2 balance by promoting a
dominant Th1 cellular response, resulting in the strong
suppression of induced T-cell proliferation [15,17]. We also
demonstrates that this protein is down-regulated when
immunosuppressive agents. Noel et al. have shown that the
introduction of CsA to kidney transplanted patients results in
a decrease in a 25% decrease in haptoglobin levels [18]. This
may explain why the haptoglobin level in our OLT patient
was low during immunosuppressant treatment. Intriguingly,
haptoglobin affinity to CD11b, which is expressed on the
majority of lymph node dendritic cell (DC) subsets (myeloid
and plasmacytoid DCs), could prevent the maturation of this
DC subset for regulation of Langerhans cell function,
resulting in T-cell skewing or in the induction of regulatory
T-cells [15,17,19,20]. Itano et al. also demonstrated a role of
haptoglobin as a mediator in nasal tolerance induction [21],
which suggests that haptoglobin may qualify as a (bio)marker
for effective immunotherapy. It may be part of a natural
feedback regulation, rather than being associated with
inflammatory conditions. To the best of our knowledge,
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haptoglobin, which is an acute-phase plasma protein asso-
ciated with inflammatory disorders [22–24], is the first
candidate to be involved in clinical and experimental liver
allograft tolerance.

We also found that α1-antitrypsin appeared in the serum of
patient A after cessation of immunosuppressants. Some
properties of α1-antitrypsin play a specific role in the
modulation of the immune system, including the inhibition of
neutrophil respiratory burst [25]. Funding et al. have shown that
α1-antitrypsin significantly increases on 2-DE gels of aqueous
humour from patients with corneal rejection, and suggest that
the primary role of α1-antitrypsin is to protect the cornea from
degradation by neutrophil elastase during inflammation [26]
and from the immunological rejection process [27]. α1-
Antitrypsin may also be produced as a natural immunosup-
pressant in the serum of a patient after withdrawal of
immunosuppressants following OLT.

In addition, a plasma protein (transthyretin) was identified
from serum sample of LDLR by 2-D gel electrophoresis and
LC–MS. In normal human serum, transthyretin, also known
as prealbumin, exists as a 54 kDa tetramer of four identical
subunits arranged to form a cylindrical channel [28]. It also
formed a complex with the retinol-binding protein to transport
vitamin A indirectly. Transthyretin dissociation and misfold-
ing resulting in insoluble amyloid fibrils has been implicated
with familial amyloid polyneuropathy and senile systemic
amyloidosis [29]. It was proposed that transthyretin could
self-assemble into amyloid-like fibrils in acidic environments,
such as the lysosome [30]. Our results have shown that
transthyretin could not inhibit the cell proliferation in either
mixed leukocyte reaction (MLR) or ConA blasted (data not
shown). No other reports discussed the role of transthyretin in
the immunology field. Therefore, further studies are necessary
to fully explain the up-regulation of this molecule in this
drug-free OLT patient.

We need protocols to successfully achieve an immuno-
suppression-free state with benefits derived from the return of
natural immunity and a reduction of drug-related toxicity. Our
study has enabled the detection of several proteins associated
with a drug-free OLT patient. Although proteomic studies of
single individuals involve inter-individual variation in pro-
teomes and further investigation with more clinical cases is
required, in conjunction with proteome studies regarding rat
tolerogenic OLT, haptoglobin seems to be a significant
potential marker for liver allograft tolerance. Our experiences
and further proteomic analysis will allow us to develop a
novel weaning protocol not only for patients who suffer
PTLD or drug-related toxicity but also for OLT patients who
survive for a long time after transplantation with no major
complications.

Acknowledgements

This work was supported by program project grant NHRI-
EX94-9228SP from the National Health Research Institute, and
grants 94-2314-B-182A-072, 94-2314-B-182A-009, 94-2314-
B-182A-077 from the National Science Council, Taiwan.
References

[1] Hojo M, Morimoto T, Maluccio M, et al. Cyclosporine induces cancer
progression by a cell-autonomous mechanism. Nature 1999;397(6719):530–4.

[2] Miller LW. Cardiovascular toxicities of immunosuppressive agents. Am J
Transplant 2002;2(9):807–18.

[3] Platz KP, Mueller AR, Blumhardt G, et al. Nephrotoxicity after orthotopic
liver transplantation in cyclosporin A and FK 506-treated patients. Transpl
Int 1994;7(Suppl 1):S52–7.

[4] Hsu LW, Goto S, Nakano T, et al. The effects of anti-histone H1 antibody
on immune cells responsible for rejection reaction. Mol Immunol 2005;42
(10):1155–64.

[5] Nashan B. The IL2 pathway in clinical immunosuppression. Transplant
Proc 2001;33(7–8):3072–4.

[6] Roayaie S, Sheiner PA, Emre S, et al. Cytokine profiles in early rejection
following OKT3 treatment in liver transplant patients. Mediators Inflamm
2000;9(3–4):141–6.

[7] Takatsuki M, Uemoto S, Inomata Y, et al. Analysis of alloreactivity and
intragraft cytokine profiles in living donor liver transplant recipients with
graft acceptance. Transpl Immunol 2001;8(4):279–86.

[8] Theze J, Alzari PM, Bertoglio J. Interleukin 2 and its receptors: recent
advances and new immunological functions. Immunol Today 1996;17
(10):481–6.

[9] Simpson MA, Young-Fadok TM, Madras PN, et al. Sequential interleukin
2 and interleukin 2 receptor levels distinguish rejection from cyclosporine
toxicity in liver allograft recipients. Arch Surg 1991;126(6):717–9
[discussion 19–20].

[10] Platz KP, Mueller AR, Rossaint R, et al. Cytokine pattern during rejection
and infection after liver transplantation – improvements in postoperative
monitoring? Transplantation 1996;62(10):1441–50.

[11] Snijders A, Van der Pouw Kraan TC, Engel M, et al. Enhanced
prostaglandin E2 production by monocytes in atopic dermatitis (AD) is
not accompanied by enhanced production of IL-6, IL-10 or IL-12. Clin
Exp Immunol 1998;111(3):472–6.

[12] Pan TL, Wang PW, Huang CC, Goto S, Chen CL. Expression, by
functional proteomics, of spontaneous tolerance in rat orthotopic liver
transplantation. Immunology 2004;113(1):57–64.

[13] Herrler A, von Rango U, Beier HM. Embryo–maternal signalling: how the
embryo starts talking to its mother to accomplish implantation. Reprod
Biomed Online 2003;6(2):244–56.

[14] Boots AM, Verhaert PD, te Poele RJ, et al. Antigens up the nose:
identification of putative biomarkers for nasal tolerance induction functional
studies combined with proteomics. J Proteome Res 2004;3(5):1056–62.

[15] El Ghmati SM, Van Hoeyveld EM, Van Strijp JG, Ceuppens JL, Stevens
EA. Identification of haptoglobin as an alternative ligand for CD11b/
CD18. J Immunol 1996;156(7):2542–52.

[16] Bottini N, Gimelfarb A, Gloria-Bottini F, La Torre M, Lucarelli P, Lucarini
N. Haptoglobin genotype and natural fertility in humans. Fertil Steril
1999;72(2):293–6.

[17] Arredouani M, Matthijs P, Van Hoeyveld E, et al. Haptoglobin directly
affects T cells and suppresses T helper cell type 2 cytokine release.
Immunology 2003;108(2):144–51.

[18] Noel C, Saunier P, Hazzan M, et al. Incidence and clinical profile of
microvascular complications in renal allografted patients treated with
cyclosporine. Ann Med Interne (Paris) 1992;143(Suppl 1):33–6.

[19] El-Ghmati SM, Arredouani M, Van Hoeyveld EM, Ceuppens JL, Stevens
EA. Haptoglobin interacts with the human mast cell line HMC-1 and
inhibits its spontaneous proliferation. Scand J Immunol 2002;55(4):352–8.

[20] Xie Y, Li Y, Zhang Q, Stiller MJ, Wang CL, Streilein JW. Haptoglobin is a
natural regulator of Langerhans cell function in the skin. J Dermatol Sci
2000;24(1):25–37.

[21] Itano AA, Jenkins MK. Antigen presentation to naive CD4 T cells in the
lymph node. Nat Immunol 2003;4(8):733–9.

[22] Ebrini I, Agnello D, Miller I, et al. Proteins of rat serum V: adjuvant
arthritis and its modulation by nonsteroidal anti-inflammatory drugs.
Electrophoresis 2000;21(11):2170–9.

[23] Doherty NS, Littman BH, Reilly K, Swindell AC, Buss JM, Anderson NL.
Analysis of changes in acute-phase plasma proteins in an acute



146 L.-W. Hsu et al. / Transplant Immunology 17 (2007) 137–146
inflammatory response and in rheumatoid arthritis using two-dimensional
gel electrophoresis. Electrophoresis 1998;19(2):355–63.

[24] Klover PJ, Clementi AH, Mooney RA. Interleukin-6 depletion selectively
improves hepatic insulin action in obesity. Endocrinology 2005;146
(8):3417–27.

[25] Bucurenci N, Blake DR, Chidwick K, Winyard PG. Inhibition of
neutrophil superoxide production by human plasma alpha 1-antitrypsin.
FEBS Lett 1992;300(1):21–4.

[26] Funding M, Vorum H, Honore B, Nexo E, Ehlers N. Proteomic analysis of
aqueous humour from patients with acute corneal rejection. Acta
Ophthalmol Scand 2005;83(1):31–9.
[27] Hiemstra PS. Novel roles of protease inhibitors in infection and
inflammation. Biochem Soc Trans 2002;30(2):116–20.

[28] Chang MH, Hua CT, Isaac EL, et al. Transthyretin interacts with the
lysosome-associated membrane protein (LAMP-1) in circulation. Biochem
J 2004;382(Pt 2):481–9.

[29] Mehta RR, Hart G, Beattie CW, Das Gupta TK. Significance of plasma
retinol binding protein levels in recurrence of breast tumors in women.
Oncology 1987;44(6):350–5.

[30] van Jaarsveld PP, Edelhoch H, Goodman DS, Robbins J. The interaction of
human plasma retinol-binding protein and prealbumin. J Biol Chem
1973;248(13):4698–705.


	Immunosuppressive activity of serum taken from a liver transplant �recipient after withdrawal o.....
	Introduction
	Materials and methods
	Serum collection
	Patient characteristics
	Time course of IL-2 level in the serum of a drug-free patient
	5-(6)-Carboxyfluorescein diacetate succinimidyl ester (CFSE) labeling
	RNA isolation and reverse transcription
	Two-dimensional (2-D) electrophoresis
	In-gel tryptic digestion of target proteins and mass spectrometry
	Liquid chromatography–mass spectrometry
	Immunoblotting of transthyretin
	Statistical analysis

	Results
	IL-2 level in the serum of a weaned patient
	Suppression of the lymphocyte proliferative response by the serum of a weaned patient
	Cytokine profiles in ConA blast cultured with serum of a weaned patient
	Serum protein profiling of the serum of a liver transplant patient before and after complete wi.....
	Sequential identification of sera proteins
	Immunoblotting of transthyretin expression in the OLT serum of an immunosuppressant-weaned pati.....

	Discussion
	Acknowledgements
	References


