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Background.Acute cellular rejection (ACR) is one of the main factors in transplanted organ failure in liver transplantation. A pre-
cisemarker for diagnosing or predicting rejection is not currently available; therefore, invasive liver biopsy is standard procedure. To
develop a noninvasive method for precise diagnosis of ACR, we evaluated autoantibodies from patient sera as potential bio-
markers using protein microarrays (seromics). Methods. Sera from hepatitis C virus–positive ACR patients were compared to
three hepatitis C virus cirrhosis control groups and healthy volunteers. The control groups consisted of 2 no-ACR groups obtained
on postoperative day 28 and 1 year after transplantation and a preoperative group obtained 1 day before transplantation. For val-
idation, we evaluated whether the candidate antibodies can distinguish ACR from other types of liver dysfunction after liver trans-
plantation using enzyme-linked immunosorbent assay.Results.Seromic analysis by weighted average difference (WAD) ranking
and Mann-Whitney U test revealed a significant increase of 57 autoantibodies in the sera of ACR patients with liver dysfunction.
Among the 57 candidates, autoantibodies to charged multivesicular body protein 2B, potassium channel tetramerization domain
containing 14, voltage gated subfamily A regulatory beta subunit 3, and triosephosphate isomerase 1 were regarded as potential
biomarkers of ACR after liver transplantation. Using 20 ACR patients with variable backgrounds for validation, the autoantibodies
to charged multivesicular body protein 2B and triosephosphate isomerase 1 were significantly increased in ACR patients com-
pared to other control groups. Conclusions. A panel of autoantibodies identified by seromics as potential noninvasive bio-
markers was clinically useful for diagnosing ACR after liver transplantation.

(Transplantation Direct 2016;2: e118; doi: 10.1097/TXD.0000000000000630. Published online 18 November, 2016.)
E fficient immunosuppressive therapy and improved sur-
gical techniques have developed liver transplantation

as a well-established and life-saving treatment for various
end-stage liver diseases or acute liver failure.1 However, ac-
cording to the databases of the United Network for Organ
Sharing, the short-term operative outcomes of liver trans-
plantation are not adequate with 1-year survival rates of ap-
proximately 80%. Acute cellular rejection (ACR) is one of
the main causes of liver dysfunction (LD) after liver trans-
plantation, occurring 30% to 70% of transplanted patients
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and potentially leading to allograft failure.2–6 Therefore, ac-
curate diagnosis of ACR is critical for saving the transplanted
graft and increasing the lifespan of patients. Clinical assess-
ment and histopathological diagnosis of liver biopsies have
been the standard for accurate diagnosis of ACR after liver
transplantation. Nevertheless, liver biopsy is invasive with
moderate to severe complications, implying that transfusion
or interventional therapies occur in up to 5% of cases.7 Lab-
oratory tests are commonly used as less invasive methods of
monitoring allograft rejection, but they are not specific to re-
jection and are often elevated in other types of LD, such as
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ischemic/reperfusion injury, cholangitis, and drug toxicity.
Therefore, a specific diagnostic marker that can easily moni-
tor immune status without invasive procedures is needed.

Microarray analysis is frequently used to perform high-
throughput analysis of gene expression to study organ trans-
plantation in mouse, rat, and human materials.8–13 Because
of the unstable and rapidly degradable nature ofmRNA, pro-
teomic analysis may have advantages in identifying a stable
molecular diagnostic marker. Several studies have identified
molecularmarkers in serum that predictACR.Massoud et al14

examined serum C4 levels in proteomic analysis and corre-
lated them with ACR in liver transplantation using enzyme-
linked immunosorbent assay (ELISA). Seromics allows the
detection of specific serum antibodies against targets during
the course of the disease, such as autoimmunity or cancer.15–31

Thus, we hypothesized that particular serum antibodies against
molecules related to ACR may be upregulated after trans-
plantation and can be used to monitor the condition.

In this study, we performed seromics to detect antibodies
that are regulated in the ACR process. The analysis identified
FIGURE 1. The diagram of experiments.
57 candidate autoantibodies against specific antigens that in-
crease in ACR after liver transplantation. In addition, 4 of the
57 autoantibodies were validated by ELISA using sera from
patients with or without ACR. The results suggest that the
autoantibodies to charged multivesicular body protein 2B
(CHMP2B) and triosephosphate isomerase (TPI1) are prom-
ising diagnostic markers of ACR.

MATERIALS AND METHODS

The protocol of this study was approved by the Human
Subjects Review Committee of Osaka University. The dia-
gram of experiments included is shown as Figure 1.

Patients and Sample Collection

From 2000 to 2013, 125 patients underwent liver trans-
plantation at Osaka University. Sera samples were obtained
before and after surgery. Hepatitis C virus (HCV) infection
was the leading cause of end-stage liver disease and indica-
tion for liver transplantation among these patients. There-
fore, we initially selected sera samples from HCV-positive
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recipients who developed LD after transplantation. LD was
defined as elevated levels of total bilirubin (>2.0 mg/dL), as-
partate aminotransferase (AST) (>40 IU/L), and/or alanine
aminotransferase (ALT) (>40 IU/L).

As a discovery set for seromic analysis, 3 sera samples were
selected from patients who were diagnosed with ACR and
LD by histopathological examination based on Banff criteria
(ACR group). These patients showed good response to anti-
rejection therapy, such as steroid therapy. The samples were
gathered at the time when they were diagnosed ACR. Three
distinct control groups of patients with HCV were selected
for the discovery set. These groups consisted of 3 sera sam-
ples from distinct HCV-positive recipients without LD or
ACR. In the no-ACR day 28 group, the samples were ob-
tained on postoperative day (POD) 28. In the no-ACR
1 year group, the samples were obtained 1 year after liver
transplantation. In preoperative group, the samples were ob-
tained 1 day before transplantation.We also prepared a healthy
volunteer group of 3 sera samples. In this analysis, we try to
generate a hypothesis that specific autoantibodies were ele-
vated in sera during ACR. The details are described in Table 1.

To verify the candidate autoantibodies selected in the dis-
covery set model, we evaluated the expression of autoanti-
bodies in the sera of patients with LD after liver transplantation
for various causes. We classified these recipients into 2
groups, LD with ACR (ACR group) and LD without ACR
(LD without ACR group), according to Banff classification
by histopathological examination. ACR episodes were con-
firmed by histological findings and responses to antirejection
therapy. For a comparison, we sampled up the sera from re-
cipients without liver dysfunction at POD 28 or protocol
liver biopsy (protocol biopsy group) and from healthy volun-
teers. Each group consisted of 20 patients.

Seromic Microarray

To identify significant autoantibodies, present at different
concentrations in patients with ACR after transplantation,
we performed the microarray analysis using serum samples
from HCV-positive transplant recipients with ACR and con-
trol groups. ProtoArrays microarrays (v4.0; Invitrogen) were
used to identify candidate autoantibodies to predict ACR ac-
cording to the manufacturer's instructions. Respective sera
TABLE 1.

Clinical information on patients who underwent microarray analy

Before surgery After surge

Group Age Sex Disease Child MELD Immunosuppressants P

ACR 51 F HCV C (11) 23 CyA + Steroid + MMF
52 M HCV B (8) 13 CyA + MMF + Basiliximab
50 F HCV B (8) 12 FK + MMF+ Basiliximab

No-ACR day 28 53 M HCV B (7) 12 FK + MMF+ Basiliximab
53 M HCV C (11) 14 CyA + MMF+ Basiliximab
60 M HCV B (9) 11 FK + MMF+ Basiliximab

No-ACR 1 year 59 F HCV C (10) 21 FK + MMF+ Basiliximab
65 F HCV B (8) 16 FK + MMF+ Basiliximab
45 M HCV B (8) 12 FK + MMF+ Basiliximab

Preoperative 53 M HCV C (10) 20 FK + MMF+ Basiliximab
50 M HCV C (11) 14 FK + MMF+ Basiliximab
55 F HCV B (8) 12 FK + MMF+ Basiliximab

CyA, cyclosporinA; MMF, mycophenolate mofetil; FK, tacrolimus.
were diluted 1:500 in washing buffer (0.1% Tween 20, 1%
bovine serum albumin in phosphate buffered saline (PBS)). Af-
ter blocking for an hour, the arrays were incubated with diluted
sera for 90 minutes at 4°C in Quadriperm dishes (Greiner Bio
One) using a horizontal shaker (50 rpm). After washing, the
arrays were incubated with 1:2000 diluted Alexa Fluor 647
goat antihuman IgG for 90 minutes at 4°C to detect binding
of IgG. The arrays were scanned at 10-μm resolution using a
microarray scanner (Axon 4200AL with GenePix Pro Soft-
ware; Molecular Devices). Fluorescent images were saved as
16-bit tif files and analyzed by GenePix. The median intensity
of each spot in relative fluorescence units was recorded.

Analysis of the Seromics Data

Data from arrays were adjusted and normalized as de-
scribed previously.30,31 All values from each array were ranked
and replaced by the average percentages for antigens, resulting
in a data distribution that allowed interarray comparisons.
To identify differential expression of individual antibodies,
we evaluated each antibody titer on a logarithmic scale. To
select the more significant candidate autoantibodies, we used
the weighted average difference (WAD) ranking,32 a new type
of statistical process based on the fold-change method that
uses not only the average difference, but also the average sig-
nal intensity in arrays. The highly expressed molecules are
then highly ranked. This method can exclude noise or nonspe-
cific intensity of array data and avoid picking up candidates
by a random chance.We also used theMann-WhitneyU test.

RNA Extraction and Quantitative Real-Time
Polymerase Chain Reaction

To confirm the quantities of the target proteins of candi-
date autoantibodies, we performed quantitative real-time po-
lymerase chain reaction (qRT-PCR) with pooled normal livers
and lymphocytes from our hospital. Total RNA was ex-
tracted using the RNeasyMini Kit (QIAGEN), and 1 μg sub-
jected to reverse transcription. cDNA was generated using
the Superscript III Reverse Transcriptase kit (Invitrogen)
and oligo(dT) primer. ATaqMan probe-based qRT-PCR as-
saywasperformed toquantitate the cDNA(AppliedBiosystems).
All reactions were performed according to the manufac-
turer's instructions.
sis

ry Rejection or designated time

athologic findings T.Bil AST ALT PT Cre HCV RNA, log IU/mL

P1B0V0 20.6 2256 1938 22 2.2 6.7
P2B2V1 26.8 31 32 61 1.5 3.7
P1B1V0 9.7 988 588 68 1.33 6.8

0.6 40 38 75 1.1 5
7.4 78 61 82 0.7 6.3
1.5 30 34 66 0.97 5.2
0.4 28 17 82 0.79 negative
0.5 44 71 72 1.27 5.3
0.6 12 6 89 0.82 negative
5.1 179 62 33 1.14 6.9
1.9 42 27 63 1.43 4.8
2.6 37 24 62 0.68 6
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ELISA

For validation of the microarray results, sera samples were
analyzed by ELISA for seroactivity to candidate recombinant
proteins CHMP2B, potassium channel tetramerization do-
main containing 14 (KCTD14), voltage gated subfamily A
regulatory beta subunit 3 (KCNAB3), and TPI1. Sera samples
were diluted 1:100. Low volume 96-well plates (Corning)
coated overnight with candidate proteins (1 μg/mL) at 4°C
were blocked for 2 hours at room temperature with PBS
containing 1% bovine serum albumin. After overnight incu-
bation, the plates were washed thoroughly with PBS contain-
ing 0.2% Tween 20 and rinsed with PBS (BioTek ELx405
automated washer). Sera IgG bound to antigens were detected
FIGURE 2. Expression and relationship of seroreactivity to target protei
seromic microarrays. Sera samples were taken from the ACR patients (n
from patients without ACR or liver dysfunction on POD 28), and no-ACR 1
liver dysfunction on POD one year), and subjects in the healthy voluntee
samples to one antigen, indicating the strength of the antibody response
the serum is considered to react significantly in ACR. Points appear in or
tibody expression and heat map of the 57 selected autoantibodies.
by monoclonal antibody conjugated to alkaline phosphatase
(Southern Biotech) with ATTOPHOS substrate (Fisher Scien-
tific). Absorbance was measured by a Cytofluor Series 4000
fluorescence reader (PerSeptive Biosystems).

To compare the autoantibody titersmore precisely, we pre-
pared rabbit polyclonal IgG as the positive control recom-
mended for the detection of each target protein. We diluted
the rabbit IgG to several densities and measured the optical
density of each to draw a standard curve.

Statistical Analysis

Values were expressed as median and range. Differences
were tested by the exactχ2 test or Student t test. Cutoff values
n in seromic array. A, Scatter plot of seroreactivity to target protein in
= 3), patients in the no-ACR day 28 group (n = 3; samples were taken
year group (n = 3; samples were taken from patients without ACR or

r group (n = 3). Each point represents the mean reactivity of triplicate
. If the ratio of ACR to the respective control groups is greater than 2,
ange and numbers are indicated as shown. B, Outline of the autoan-



TABLE 2.

The 57 autoantibodies upregulated in ACR

P (ACR group vs)

WAD ranking Protein name No-ACR POD 28 No-ACR 1 y Preoperative Healthy volunteer

1 Chromatin modifying protein 2B (CHMP2B) 0.0495 0.1266 0.0495 0.0201
2 Potassium channel tetramerization domain

containing 14 (KCTD14)
0.0495 0.0495 0.0495 0.0201

3 Potassium voltage-gated channel, shaker-related
subfamily, beta member 3 (KCNAB3)

0.0495 0.2752 0.1266 0.0707

4 Small proline-rich protein 2G 0.5127 0.0495 0.0495 0.0201
5 Vestigial like 4 (Drosophila) (VGLL4) 0.5127 0.1266 0.1266 0.0389
6 Cell cycle exit and neuronal differentiation 1 (CEND1) 0.2752 0.1266 0.2752 0.0707
7 Phosphopantothenoylcysteine decarboxylase (PPCDC) 0.0495 0.0495 0.0495 0.0707
8 Vitamin D (1,25- dihydroxyvitamin D3) receptor

(VDR), transcript variant 1
0.1266 0.8273 0.0495 0.0389

9 PDZ and LIM domain 5 (PDLIM5) 0.8273 0.1266 0.5127 0.0389
10 Choline kinase alpha (CHKA), transcript variant 1 0.1266 0.0495 0.2752 0.0201
11 Non-metastatic cells 1, protein (NM23A) expressed in

(NME1), transcript variant 1
0.1266 0.5127 0.1266 0.1967

12 Active BCR-related gene (ABR), transcript variant 2 0.1266 0.0495 0.1266 0.0707
13 General transcription factor IIB (GTF2B) 0.8273 0.5127 0.1266 0.1213
14 Ras-related protein Rab-34 0.2752 0.2752 0.5127 0.3017
15 ALS2 C-terminal like (ALS2CL), transcript variant 3 0.0495 0.2752 0.0495 0.0389
16 PRKCA-binding protein 0.8273 0.5127 0.2752 0.6056
17 Triosephosphate isomerase 1 (TPI1) 0.0495 0.0495 0.0495 0.0201
18 YTH domain family, member 2 (YTHDF2) 0.2752 0.2752 0.5127 0.0201
19 Ribosomal protein L30 (RPL30) 0.2752 0.8273 0.2752 0.1967
20 Parkinson disease 7 domain containing 1 (PDDC1) 0.1266 0.0495 0.0495 0.1213
21 Glutamic-oxaloacetic transaminase 2, mitochondrial

(aspartate aminotransferase 2) (GOT2)
0.0495 0.0495 0.5127 0.7963

22 Glutaminyl-tRNA synthetase 0.2752 0.0495 0.2752 1.0000
23 Aldehyde dehydrogenase 7 family, member A1 (ALDH7A1) 0.1266 0.2752 0.1266 0.0201
24 Tryptophan hydroxylase 1 (tryptophan 5-monooxygenase) (TPH1) 0.5127 0.2752 0.1266 0.0707
25 Glutaminyl-tRNA synthetase 0.0495 0.0495 0.2752 0.7963
26 Small proline-rich protein 1B (cornifin) (SPRR1B) 0.5127 0.2752 0.0495 0.0201
27 Chromosome 11 open reading frame 52 (C11orf52) 0.5127 0.5127 0.5127 0.0201
28 Centromere protein R 0.1266 0.5127 0.5127 0.3017
29 Uncharacterized protein C6orf142 homolog 0.5127 0.5127 0.1266 0.3017
30 Caspase recruitment domain-containing protein 14 0.5127 0.5127 0.5127 0.0389
31 Dihydrouridine synthase 1-like (S. cerevisiae) (DUS1L) 0.5127 0.5127 0.2752 0.0389
32 Pleckstrin homology, Sec7 and coiled-coil domains 4 (PSCD4) 0.0495 0.1266 0.2752 0.1967
33 Rho GTPase activating protein 24 (ARHGAP24), transcript variant 2 0.5127 0.5127 0.8273 0.6056
34 Synaptotagmin-like 2 (SYTL2), transcript variant a 0.1266 0.1266 0.2752 0.3017
35 Hsp70-interacting protein (HSPBP1) 0.0495 0.1266 0.5127 0.0201
36 Homeobox protein Hox-B6 0.0495 0.0495 0.1266 0.0201
37 Hypothetical gene supported by BC001801 (LOC284912) 0.2752 0.5127 0.2182 0.0000
38 Double homeobox, 3 (DUX3) 0.1266 0.2752 0.5127 0.0707
39 RAS guanyl releasing protein 3 (calcium and

DAG-regulated) (RASGRP3)
0.2752 0.1266 0.2752 0.3017

40 BMX non-receptor tyrosine kinase (BMX), transcript variant 2 0.1266 0.1266 0.2752 0.3017
41 Nicotinamide nucleotide adenylyltransferase 1 (NMNAT1) 0.2752 0.5127 0.2752 0.0389
42 Insulin receptor-related receptor (INSRR) 0.0495 0.0495 0.0495 0.0201
43 Interferon responsive gene 15 (IFRG15) 0.0495 0.2752 0.1266 0.6056
44 Polymerase (DNA-directed), delta 3, accessory subunit (POLD3) 0.0495 0.5127 0.2752 0.0707
45 Tripartite motif-containing 69 (TRIM69) 0.8273 0.0495 0.1266 0.0201
46 Deoxycytidylate deaminase 0.0495 0.0495 0.5127 0.3017
47 Glutaminyl-tRNA synthetase (QARS) 0.5127 0.8273 0.8273 1.0000
48 Growth factor, augmenter of liver regeneration (ERV1

homolog, S. cerevisiae) (GFER)
0.2752 0.1266 0.2752 0.0389

Continued next page
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TABLE 2. (Continued)

P (ACR group vs)

WAD ranking Protein name No-ACR POD 28 No-ACR 1 y Preoperative Healthy volunteer

49 FERM domain containing 8 (FRMD8) 0.2752 0.1266 0.2752 0.0389
50 TSC22 domain family, member 1 (TSC22D1), transcript variant 2 0.8273 0.2752 0.0495 0.4386
51 Male-specific lethal 3-like 1 (Drosophila) (MSL3L1),

transcript variant 3
0.1266 0.2752 0.2752 0.4386

52 PREDICTED: Homo sapiens hypothetical
LOC389415 (LOC389415)

0.2752 0.0495 0.0495 0.7963

53 Transmembrane protein 31 (TMEM31) 0.1266 0.0495 0.8273 0.0707
54 PREDICTED: Homo sapiens hypothetical protein

LOC285758 (LOC285758)
0.8273 0.2752 0.8273 0.1967

55 Hydroxysteroid (17-beta) dehydrogenase 10 (HSD17B10) 0.0495 0.0495 0.1266 0.0201
56 APAF1 interacting protein (APIP) 0.0495 0.0495 0.0495 0.0201
57 Nuclear receptor binding factor 2 (NRBF2) 0.8273 0.8273 0.5127 0.1967

Significant P values are emphasized in bold.

ALS, amyotrophic lateral sclerosis.

FIGURE 3. Distribution of target protein in normal liver and lymphocytes. qRT-PCR was performed to confirm the distribution of four genes
(CHMP2B, TPI1, KCTD14, KCNAB3) using the original pooled samples (n = 10). The gene expression levels were rescaled relative to the con-
trol (testis). Error bars indicate standard error of the mean (SEM).
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TABLE 3.

Clinical information on patients who underwent ELISA for validation

P

ACR LD without ACR Protocol biopsy
ACR vs. LD
without ACR

ACR vs.
Protocol biopsy

LD without ACR
vs Protocol biopsy

Age, y 50 (19-66) 54 (27-65) 53 (19-69) 0.141 0.142 0.489
Sex, M/F 8/12 11/9 8/12 0.342 1.000 0.342
Primary diagnosis
HCV 10 14 7 — — —

PBC 1 2 3 — — —

Fulminant hepatitis 2 1 3 — — —

Others 7 4 7 — — —

T.Bil, mg/dL 8.7 (0.5-20.6) 1.4 (0.6-33.2) 0.6 (0.3-1.5) 0.142 <0.01 <0.01
AST, U/L 125 (24-2256) 66 (14-336) 27 (13-69) 0.123 <0.01 <0.01
ALT, U/L 172.5 (29-1938) 75 (17-370) 27 (8-74) 0.062 <0.01 <0.01
PT, % 63.5 (22-102) 71 (44-108) 88 (63-109) 0.283 <0.01 <0.01
Cre, mg/dL 0.77 (0.28-3.67) 0.88 (0.41-1.33) 1.02 (0.59-1.55) 0.635 0.490 0.223
Days after transplantation 9 (5-2030) 71.5 (5-2085) 93 (29-744) 0.098 0.136 0.137

M, male; F, female.
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for diagnosis were assessed by calculating the area under the
receiver operator characteristic (ROC) curve. The sensitivity
and specificity were calculated using the defined cutoff value.
Correlation analysis between the 2 variables was performed
using Pearson correlation coefficient. P values less than 0.01
were considered significant.

RESULTS

Microarray Analysis Identified 57 Autoantibodies as
Candidate Biomarkers of ACR

We compared the microarray analysis of serum samples
from the ACR group with those of the 4 different control
groups. Autoantibodies were considered upregulated if there
was a two-fold difference between the ACR group and con-
trol groups.

Among the more than 9000 autoantibodies scanned, 201
were upregulated in the ACR group compared with the no-
ACR day 28 group. One hundred eighty-eight upregulated
in the ACR group compared with the no-ACR 1 year group,
185 upregulated in the ACR group comparedwith the preop-
erative group, and 218 upregulated compared with the healthy
volunteer group (Figure 2A). Fifty-seven of the antibodies were
upregulated compared to all of the control groups (Figure 2B).

To select 57 superior candidate antigens, we applied the
Mann-Whitney U test in addition to WAD ranking, which
counts both fold change and the respective intensity of the an-
tibodies (Table 2). The fold-change ranking may select candi-
dates with low expression, but we used these methods to
obtain candidates with significantly high expression in the
ACR group. We focused on the top 3 antibodies based on
WAD ranking: CHMP2B, KCTD14, and KCNAB3. We also
focused on TPI1, which is highly ranked based on WAD and
significantly increased based on the Mann-Whitney U test.
We evaluated the potential significance as a biomarker of
ACR after liver transplantation.

Target mRNA of Candidate Autoantibodies Is Widely
Distributed in Normal Liver and Lymphocytes

To confirm the distributions of the target mRNAs of the
candidate antigens, we performed qRT-PCR using pooled
samples of normal liver and lymphocytes from our hospital.
As shown in Figure 3, all target mRNAs were expressed in
both liver cells and lymphocytes. The expression level of each
target mRNAwas different in distinct cases, especially in the
liver. Furthermore, the target genes of the candidate autoan-
tibodies are expressed systemically according to the FANTOM5
deep CAGE database, which is consistent with our results.

Clinical Characteristics of Transplant Recipients Used
in Validation Study

The clinical characteristics of the patients used for valida-
tion are summarized in Table 3. The diagnosis of ACR was
based on histopathological examination by 2 independent
liver transplant pathologists. We verified that all of the path-
ological diagnoses matched the clinical courses of the pa-
tients. The patients in the ACR group received rejection therapy
containing a steroid pulse or increasing dose of immunosup-
pression; all exhibited a recovery of liver function. Patients in
the LDwithout ACR group did not receive rejection therapy.
The median time from liver transplantation was 61 days. We
found no significant differences in age, sex, or duration after
transplantation.We found no significant differences in serum
total bilirubin, serum aspartate aminotransferase, serum
ALT, prothrombin time, or serum creatinine, especially be-
tween the ACR group and LD without ACR group.

Autoantibodies to CHMP2B, KCTD14, KCNAB3, and
TPI1 Were Highly Expressed in ACR

To validate the results of the microarray analysis, we per-
formed ELISA with the antibodies markedly upregulated in
the discovery set. Expression of the autoantibodies to
CHMP2B, KCTD14, and TPI1 was significantly higher in
ACR group than the LD without ACR group, protocol bi-
opsy group, and healthy volunteer group. The expression of
autoantibody to KCNAB3 was significantly higher in the
ACR group than the LD without ACR group and protocol
biopsy group (Figure 4). We also compared autoantibody ti-
ters by drawing a standard curve using rabbit polyclonal IgG
to each target antigen. The significance of the difference in
KCTD14 between the ACR group and protocol biopsy
group disappeared (Figure S1, SDC, http://links.lww.com/

http://links.lww.com/TP/B362


FIGURE 4. Validation of representative autoantibodies by ELISA. The expression levels of autoantibodies to CHMP2B, TPI1, KCTD14, and
KCNAB3 were determined in sera from 20 ACR patients and 20 LD without ACR patients. Twenty patients without ACR or LD and 20 healthy
volunteers served as controls. Pathological diagnosis was made for each case. The horizontal line indicates median values. Significant differ-
ences were derived from a nonparametric Mann-Whitney U test. **P < 0.01; ***P < 0.001.
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TP/B362). In contrast, the expression of autoantibodies to
CHMP2B and TPI1 was significantly higher in the ACR
group than the other control groups. These results suggest
that the autoantibodies to CHMP2B and TPI1 would be
promising biomarkers of ACR after liver transplantation.

Autoantibodies to CHMP2B, KCTD14, KCNAB3, and
TPI1 Are Potential Biomarkers of ACR After Liver
Transplantation

We evaluated ROC curves to assess the potential useful-
ness of the aforementioned 4 upregulated autoantibodies a
noninvasive biomarkers of ACR after liver transplantation.
Setting the LD without ACR group as a control, the ROC
analysis showed that these antibodies were robust in dis-
criminating patients with ACR from those with LD. The
area under the curve was 0.8613 (95% confidence interval
[CI], 0.7496-0.9729), 0.8150 (95% CI, 0.6858-0.9442),
0.8088 (95% CI, 0.6767-0.9408), and 0.7381 (95% CI,
0.5821-0.8904) for CHMP2B, KCTD14, KCNAB3, and
TPI1, respectively (Figure 5). The sensitivity, specificity, and
positive and negative predictive values for identifying a pa-
tient with ACR after liver transplantation are described in

http://links.lww.com/TP/B362


FIGURE 5. ROC curve analysis for distinguishing patients with ACR frompatients with LDwithout ACR using the expression of autoantibodies
to CHMP2B, TPI1, KCTD14, and KCNAB3. A, Serum autoantibody to CHMP2B yielded an AUC of 0.8613 (95%CI, 0.7496-0.9729) with 80%
sensitivity and 80% specificity. B, The autoantibody to TPI1 had an AUC of 0.7381 (95% CI, 0.5821-0.8904) with 45% sensitivity and 100%
specificity. C, Serum autoantibody to KCTD14 yielded an AUC of 0.8150 (95% CI, 0.6858-0.9442) with 85% sensitivity and 65% specificity.
D, The autoantibody to KCNAB3 had an AUC of 0.8088 (95% CI, 0.6767-0.9408) with 90% sensitivity and 60% specificity. AUC, area under
the curve.
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Table 4. At a cutoff value of 0.3330 for the CHMP2B anti-
body, the sensitivity and specificity of diagnosing ACR were
80% and 80%.

Time Course of Anti-CHMP2B and Anti-TPI1
Autoantibody Expression in Patients With ACR After
Liver Transplantation

We tested the serial changes in the expression of anti-
CHMP2B and anti-TPI1, which were significantly higher in
the ACR group in the validation study.We used sera frompa-
tients with ACR diagnosed by histopathological examination
on POD 15 and treated with steroid pulse therapy. The levels
of anti-CHMP2B and anti-TPI1were highest the day of ACR
and did not increase before ACR. The autoantibody levels
correlated well with the change in liver enzymes (Figure 6).
TABLE 4.

Sensitivity and specificity of the diagnosis of ACR using
representative autoantibody expression in sera

CHMP2B KCTD14 KCNAB3 TPI1

Cutoff value 0.333 0.353 0.271 0.295 0.325 0.355 0.226
Sensitivity, % 80 85 75 85 90 95 45
Specificity, % 80 75 75 65 60 55 100
Anti-CHMP2B Level Between the Groups of the
Patients Grade by AST Level

We also evaluated the expression of anti-CHMP2B anti-
body between ACR group and LDwithout ACR group in high
AST level (AST >100U/mL) or lowAST level (AST < 100U/ml).
Even in low AST level, the expression of anti-CHMP2B anti-
body in ACR group is significantly higher than that in LDwith-
outACRgroup (Figure S2, SDC, http://links.lww.com/TP/B362).
DISCUSSION

In this study, molecular markers that can diagnose ACR
after liver transplantation were explored using seromic mi-
croarrays. Fifty-seven candidate autoantibodies were in-
creased in the sera of recipients with LD and ACR.

Recent advancements in the fields of genomics and proteo-
mics have opened the doors to new technologies for detecting
rejection episodes in transplanted patients and are beginning
to prospectively diagnose the risk of rejection based on donor
and recipient biomarkers.33 However, the exact molecular
mechanism underlying ACR is not understood, and noninva-
sive tests for evaluating immune status in transplanted pa-
tients have not been developed.

We previously found new molecular markers of ACR in
peripheral leukocytes12 and in bile.13 We also revealed novel

http://links.lww.com/TP/B362


FIGURE 6. Serial changes in the activity of autoantibody to CHMP2B and TPI1 in sera samples obtained from a single patient with ACR as
measured by ELISA. ACR was diagnosed at POD 15. The band plot represents the optical density and the line plot represents liver enzyme
activity. Error bars indicate standard error of the mean (SEM).
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transcriptome patterns for ACR in recipients with HCV in-
fection using liver biopsy samples.11,34 Although liver biopsy
is the standard for the diagnosis of transplant rejection, it is
not easily repeated because of the invasiveness and risk of
bleeding. Recently, proteomic analysis using sera has been
applied to detect an active process and monitor rejection ep-
isodes more easily. Due to the high number of proteins in-
volved in the ACR process, proteomic analysis could play a
crucial role in identifying a potential biomarker of ACR.35

However, detecting specific proteins in proteome analysis is
difficult because of the high degree of variability between pa-
tients, and even in the same patient over time.33 To overcome
this difficulty, we used a protein array that evaluates the ex-
pression of antibodies to specific antigens induced in the
ACR process based on the theory of the rapid clearance of
antibodies. Unlike transcriptome or proteome analysis, the
advantage of detecting antibodies in serum is that candidate
antibodies indicating abnormal values are emphasized by
the antigen-antibody reaction. Furthermore, seromics corre-
lates with ELISA.

In this study, we used microarrays for the concurrent de-
tection of serum antibody reactivity to multiple proteins in
patients with ACR after liver transplantation. This trial was
used to prove the reactivity of sera from patients with various
cancers and identified many promising highly immunogenic
tumor antigens. The existence of specific autoantibodies to
these antigens was validated by ELISA.31 Taking this ap-
proach, our initial screening phase revealed 57 candidate an-
tibodies. Nineteen targets of antibodies were located mainly
in the cytosol, 12 targets in the cell membrane, 22 targets in
the nucleus, and 4 targets were located outside the cell.

Interestingly, glutamic-oxaloacetic transaminase 2 (GOT2)
was included among the 57 antigens. GOT2 is a pyridoxal
phosphate-dependent enzyme present in the mitochondria.
SerumGOT levels are commonly and clinically used as a bio-
marker of liver damage. In the seromic microarray analysis,
only the patients in the ACR group had LD and elevated se-
rumGOT levels. This result suggests that a damaged liver re-
leases GOT and autoantibodies to GOT2 are upregulated
immediately to respond to liver damage. UsingWAD ranking
and Mann-Whitney U test, the antibodies to CHMP2B,
KCTD14, KCNAB3, and TPI1 were selected and validated
by ELISA. The expression of these 4 antigens was validated
in the normal liver and peripheral blood leukocytes by qRT-PCR.
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CHMP2B is one of the core subunits of the endosomal
sorting complex required for transport-III, which plays a cru-
cial role in cellular membrane remodeling and ubiquitin-
mediated lysosomal degradation. CHMP2B is located in
the cytosol and is involved in the formation of endocytic
multivesicular bodies. CHMP2B has been reported to partic-
ipate in frontotemporal dementia or amyotrophic lateral
sclerosis,36,37 and it plays an important role in the detection
and removal through the extracellular shedding of small
wounds present at the plasma membrane.38 We suppose that
the several reactions composing ACR make the liver cell
membrane damaged to be detected by CHMP2B. It is inter-
esting that the autoantibody of CHMP2B was not expressed
in control group, then these reaction including CHMP2B de-
tection may be specific in ACR. Furthermore, ubiquitin and
ubiquitin-conjugating enzyme E2 were highly expressed in
the sera of ACR patients.14 Taking previous reports and our
findings together, CHMP2B and the ubiquitin-mediated
pathway may closely correlate with immune activation of
ACR after transplantation.

BothKCTD14 and potassium channel, KCNAB3 are com-
ponents of potassium channels. Potassium channels are
widely distributed in the organs, and the liver is one of the
most mitochondria-enriched organs. Mitochondrial adeno-
sine triphosphate–sensitive potassium channels regulate DNA
synthesis and play crucial roles in liver regeneration.39 Mito-
chondrial potassium uptake induces matrix alkalization and
produces reactive oxygen species. This process is important
to maintain the mitochondrial integrity during a hazardous
condition. Therefore, disruption of potassium channels in he-
patocytes may be one of the molecular mechanisms underly-
ing ACR. This may be a reason for the autoantibodies to
components of potassium channels being upregulated in the
sera of patients with ACR.

TPI1 is an enzyme that catalyzes the interconversion of di-
hydroxyacetone phosphate and glyceraldehyde-3 phosphate
in the glycolysis pathway. Hypoxia-inducible factor 1-alpha
transcriptionally upregulated the expression of TPI1. In-
creased TPI1 generates anaerobic energy to protect fromhyp-
oxic injury. One of the main histological changes in ACR, as
seen in liver biopsy samples, is subendothelial inflammation
of the portal and hepatic veins.40 Damage to endothelial cells
in ACR may induce the hypoxic response in the graft.

KCTD14, KCNAB3, and TPI1 are located intracellularly
and involved in many important biological processes. Ac-
cording to the Banff criteria, mononuclear portal inflamma-
tion, subendothelial inflammation, and bile duct damage are
characteristic of ACR.40 One possible hypothesis is that
these target proteins may be discharged from hepatocytes,
endothelial cells, or bile duct and recognized by the immune
system. However, this hypothesis should be verified by func-
tional analysis.

The autoantibodies to CHMP2B, KCTD14, KCNAB3,
andTPI1 demonstrated high sensitivity and specificity, prom-
ising to distinguish ACR from LD after liver transplantation.
In the validation study, the autoantibodies to CHMP2B and
TPI1 were significantly elevated in patients with ACR com-
pared with the other groups. Therefore, we evaluated serial
changes in the antibodies to CHMP2B and TPI1 in sera ob-
tained from a patient with ACR. The levels of autoantibodies
to CHMP2B and TPI1 were not upregulated preoperatively
or 7 days before the confirmation of ACR by liver biopsy.
The levels of these antibodies were highest around ACR
and immediately decreased after resolving ACR with the ad-
ministration of steroid recycle treatment. This result suggests
that the expressions of autoantibodies to CHMP2B and TPI1
are not predictors of ACR, but are good candidates as diag-
nostic molecular markers.

The limitation of this study is the small number of the pa-
tients with or without ACR. These promising biomarkers
need to be confirmed in large multicenter prospective trials.
In addition, the exact molecular mechanism underlying the
upregulation of these autoantibodies at the point of ACR af-
ter liver transplantation is unclear. The localization and func-
tion of targeted antigens need to be evaluated and verified
using in vitro and in vivo models.

In conclusion, we used an entirely new approach to iden-
tify a panel of promising noninvasive biomarkers of ACR
using protein microarray.We identified 57 candidate autoan-
tibodies and verified that CHMP2B and TPI1 are clinically
useful biomarkers for diagnosing ACR in liver transplantation.
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