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Abstract:

Background: To a large extent the success of liver transplantation depends on quality
of allografts. The molecular basis of the susceptibility of different liver allografts to
transplant injury remains undefined.

Methods: Transplanted liver samples were collected and divided into three groups:
the optimal graft (OG) group, early allograft dysfunction (EAD) group, and primary
nonfunction (PNF) group. iTRAQ comparative quantitative proteomic analysis and
multiple reaction monitoring (MRM) verification was performed.

Results: More than 160 differentially expressed proteins were detected in the PNF
group, compared to 54 and 36 proteins in the EAD and OG groups respectively.
Liver-type fatty acid-binding protein (L-FABP) was found as differentially expressed
in both cold preserved and reperfused liver. Serum L-FABP level in donors was higher
in the PNF and EAD groups than in the OG group. A lower tissue expression of
L-FABP was observed in the PNF groups than other groups after reperfusion,
indicating incompetent liver donor quality. In mouse ischemia reperfusion injury (IRI)
model, the serum levels and tissue expression of L-FABP corresponded to the ALT
variation curve.

Conclusions: Suboptimal donor livers are more sensitive to ischemia reperfusion
injury. L-FABP might be an effective biomarker for evaluating donor quality in liver
transplantation.

Keywords: liver transplantation; ischemia reperfusion injury; proteomics; L-FABP;
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Introduction

Liver transplantation (LT) is a successful and effective technology for the treatment
of end-stage liver disease. Due to the scarcity of organ donors, extended criteria
donors (ECD) are usually used for patients on waiting lists who require urgent liver
transplantation. Marginal liver grafts, such as steatosis allograft and grafts from
donation after cardiac death (DCD) donors, usually have a great chance of graft
failure and biliary complications, which ultimately increase patient mortality and
morbidity. According to differences in postoperative liver function and patient
recovery, grafts are divided into three categories: early allograft dysfunction (EAD),
primary non-function (PNF) and optimal graft function (OG). Lower quality liver
allografts are associated with severe ischemia reperfusion injury (IRI), resulting in the
occurrence of EAD or PNF, which significantly affect patient survival and allograft
survival (1, 2). The incidence of EAD is up to 39.5% in patients with allografts from
DCD donors (1). A high rate of PNF (10%) and retransplantation (15%) in liver
transplant patients was reported in a transplant center in Italy (2).

However, until now, there has been a lack of molecular biology methods to evaluate
the quality of donor livers. Different liver grafts from donors with high risk factors
might induce various degrees of IRI. To identify protein phenotypes associated with
liver quality, we performed proteomics analysis of liver IRI in three types of liver
graft, namely, the OG, EAD and PNF groups. We further confirmed that a protein,
liver-type fatty acid-binding protein (L-FABP), can be used as a liver injury index and

might be a marker of donor liver quality.
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Experimental Procedures

Experimental Design

Thirty-five human liver biopsy samples were used for the iTRAQ and MRM
verification methods. Clinical data were collected from 15 liver transplant recipients,
and normal liver biopsy samples were acquired from 5 optimal organ donors. All
samples were collected from Nov 2015 to Mar 2017 at the First Affiliated Hospital of
Sun Yat-sen University (FAH-SYSU), China. Written informed consent was obtained
from the recipients. The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki and approved by the Clinical Research (Ethics) Committee of
the First Affiliated Hospital of Sun-Yat-Sen University.

The patient cohort was divided into three groups: the PNF, EAD and OG groups.
The diagnosis standard of EAD based on serum transaminases levels, total bilirubin
levels and the international normalized ratio as previously reported (3, 4). PNF was
defined as retransplantation or recipient death resulting from a poor and
nonrecoverable allograft function within 7 days after transplantation (5). OG was
defined as fast recovery of liver function without rejection and artery or biliary
complications.

Liver biopsy samples were obtained at three different time points during liver
transplantation. For the normal control group, liver samples were acquired before cold
perfusion during the organ harvesting procedure, which was designated as X0. Donor

livers were maintained in 4 °C University of Wisconsin solution and transplanted into
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the recipient after preservation. The second biopsy time point was before donor liver
recirculation, which was considered X1. X1 represented the length of cold ischemia
time, which resulted in cold preservation injury. After 2 hours of liver artery
anastomosis, another liver sample was removed for biopsy at X2. The time period
from X0 to X2 indicated the ischemia reperfusion injury phase. All liver tissues were

immediately preserved in liquid nitrogen once procured.

Protein preparation and SDS-PAGE electrophoresis

Protein was extracted from liver tissues with lysis buffer (7 M urea, 2 M thiourea, 4%
CHAPS, and 40 mM Tris-HCI, pH 8.5) containing 1 mM PMSF and 2 mM EDTA,
and then 10 mM DTT was added 5 min later. These solutions were separated by a
tissue lyser and centrifugation at 25,000 % g for 15 min at 4 °C. The supernatant was
transferred to a new tube, 10 mM DTT was added to break the disulfide bonds, and
the supernatant was incubated in a waterbath at 56 °C for 1 h. Then, 55 mM IAM was
added to the solution on ice to block the cysteine residues, and the samples were
incubated for 45 min in a darkroom. Chilled acetone was added for sedimentation,
and 2 hrs later, the samples were centrifuged at 25,000 x g for 15 min. The protein
pellet was dissolved in 0.5 M TEAB and sonicated on ice. After centrifugation at
30,000 x g at 4 °C, the supernatant was collected for testing or preservation at -80 °C
for further analysis. The protein concentrations were determined by the Bradford
protein quantitation assay.

SDS-PAGE was used to separate proteins and detect their integrity. Thirty
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micrograms of protein from each sample was loaded on 10% SDS-PAGE gels and
Coomassie brilliant blue staining analysis revealed clear band patterns. The samples
suitable for subsequent analysis were then subjected to trypsin digestion and LC—

MS/MS analysis.

Quantitative iTRAQ analysis

The protein samples were digested with 2.5 ug trypsin at a protein:trypsin ratio of
40:1 at 37 °C for 4 h, and then trypsin was added for an additional 8 h. The zymolytic
peptides were then desalted with a Strata X C18 column and dried by vacuum
centrifugation. The peptides were dissolved in 0.5 M TEAB and labeled with 8-plex
iTRAQ reagent according to the manufacturer’s protocol. Seven different iTRAQ tags
were used to mark the PNF2, PNF1, EAD2, EAD1, OG2, OG1, and control group
samples. Briefly, one unit of isobaric tags was dissolved in 24 pL isopropanol. The
peptides were incubated with the iTRAQ reagent at room temperature for 2 h and then
dried by vacuum centrifugation.

Strong cation exchange (SCX) chromatography was performed with an LC-20AB
HPLC Pump system (Shimadzu, Kyoto, Japan). The labeled samples were mixed and
reconstituted with 2 mL buffer A (5% ACN, pH 9.8). The peptide mixtures were then
loaded onto a 4.6 x 250 mm Gemini C18 column containing 5-um particles. The
peptides were eluted at a flow rate of 1 mL/min with a gradient of buffer B (95%
CAN, pH 9.8) for 10 min, 5-35% buffer B for 40 min, and 35-90% buffer B for 1

min. The fractions were collected every minute by measuring the absorbance at 214
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nm. Twenty fractions were collected, desalted with a Strata X C18 column and
vacuum dried.

Each fraction was dissolved in buffer A (2% ACN, 0.1% FA) and centrifuged at
20,000 x g for 10 min. The supernatant was loaded onto a C18 trap column (inner
diameter of 75 pm) in an LC-20 AD nanoHPLC (Shimadzu, Kyoto, Japan) with an
autosampler. The samples were loaded at a flow rate of 300 nL/min, and the following
gradient procedure was used: 5% buffer B (98% ACN, 0.1% FA) for 8 min followed
by a 35-min linear gradient to 35% buffer B, a 5-min linear gradient to 60%, a 2-min
linear gradient to 80%, maintenance at 80% B for 5 min, and return to 5% over 1 min.
The separation capillary was coupled directly to a mass spectrometer with an
electrokinetically driven sheath-flow nanospray interface for further examination.

The fractions were ionized by nano ESI and examined using a tandem mass
spectrometer Q-Exactive (Thermo Fisher Scientific, CA, USA) in the DDA
(data-dependent acquisition) mode. The nanospray voltage was 1.5 kV. Full MS scans
were acquired in the Orbitrap mass analyzer over a 350—1600 m/z range with a mass
resolution of 70,000. The 20 most intense multiply charged precursors with
molecule-ion intensities greater than 10,000 were selected for higher energy
collision-induced dissociation fragmentation. Tandem mass spectra were acquired in
the Orbitrap mass analyzer with a mass resolution of 17,500 at 100 m/z. The data

were acquired with a 2+ to 7+ charge-state and a 15-s dynamic exclusion setting.

Data processing and analyses
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All primary mass spectrum data were converted to MGF files. The target proteins
were identified using the Mascot search engine (Matrix Science, London, UK).
Proteins with a 1.2-fold change or greater and p < 0.05 were considered significant
when the same result was obtained in more than 3 experiments. Functional annotation
of the proteins was performed using the Blast2GO program with comparisons with the
nonredundant protein database (NR, NCBI). The KEGG database and the COG
(Clusters of Orthologous Groups of Proteins) database were used for protein

annotation and enrichment analysis.

MRM validation of differentially expressed proteins identified by iTRAQ

Sixty proteins identified by ITRAQ were selected for MRM validation. Samples were
digested with trypsin as described before and spiked with 50 fmol B-galactosidase for
data normalization. MRM analyses were performed on a QTRAP 5500 mass
spectrometer (SCIEX, Framingham, MA, USA) equipped with an LC-20AD
nanoHPLC system. The mobile phase consisted of solvent A and 0.1% aqueous
formic acid and solvent B, 98% acetonitrile and 0.1% formic acid. The peptides were
separated on a C18 column (0.075 x 150 mm column, 3.6 um) at 300 nL/min and
eluted with a gradient of 5%-30% solvent B for 38 min, 30%—-80% solvent B for 4
min, and maintenance at 80% for 8 min. For the QTRAP5500 mass spectrometer, a
spray voltage of 2400 V, a nebulizer gas pressure of 23 p.s.i., and a dwell time of 10
ms were used. Multiple MRM transitions were monitored using unit resolution in both

Q1 and Q3 quadrupoles to maximize specificity.
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Skyline software was used to integrate the raw file generated by QTRAP 5500
(SCIEX, Framingham, MA, USA). The iRT strategy was adopted to compare a
spectrum of a given peptide against a spectral library. All transitions for each peptide
were used for quantitation unless interference from the matrix was observed.
[B-galactosidase was used for label-free data normalization. Using the MS stats with
the linear mixed-effects model, the p values were adjusted to maintain the FDR at a
cutoff of 0.05. All proteins with a p value below 0.05 and a fold change larger than 1.5

were considered significant.

Animal management and the model of hepatic ischemia reperfusion injury

Male wild-type C57BL/6J mice (25-30 g, 812 weeks of age) were purchased from
the Animals Experimentation Center of Sun Yat-sen University (SYSU). The mice
were bred in individual cages in an SPF room and were allowed free access to
laboratory food and water in sound-attenuated, temperature-controlled isolation
chambers at 25 °C ambient temperature. All animal procedures were approved by the
Use Committee of Animal Center and ethical committee of FAH-SYSU (Guangzhou,

China).

A partial liver ischemia reperfusion injury model was established as described
previously (6). The mice were anaesthetized intraperitoneally with pentobarbital
sodium. A midline laparotomy was performed to expose the liver. The mice were
subjected to occlusion of the hepatic blood supply to the left lateral and median lobe

with a microvascular clamp for 30 min followed by 0-24 hrs of reperfusion (except
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where stated otherwise). After reperfusion the abdominal incision was closed with a
4-0 silk suture. Sham mice were subjected to the same protocol without vascular
occlusion. The mice were sacrificed when indicated, and liver tissues and sera

specimens were harvested.

Histopathological and immunohistochemical examination of tissue sections

Mouse liver tissues were fixed in 10% formalin and then embedded in paraffin. The
tissues were then cut into slices. Histopathological examination was performed with
hematoxylin-eosin staining. The pathological scores were evaluated blindly by two
pathologists according to Suzuki's criteria (7). Immunohistochemistry was also
performed to evaluate protein expression using a monoclonal antibody against
L-FABP (Abcam, Cambridge, MA). The staining results were captured under a

microscope with a camera.

Analysis of serum L-FABP levels

L-FABP levels in human and mouse sera were measured using enzyme-linked
immunosorbent assay kits (R&D Systems Inc., Minneapolis, MN, USA) according to
the manufacturer’s recommendations. The minimum detectable level of L-FABP was

0.01 ng/mL.

Western blot analyses

Protein lysates from liver tissues were homogenized with RIPA lysis buffer and

11


https://doi.org/10.1101/2020.04.22.055442

bioRxiv preprint doi: https://doi.org/10.1101/2020.04.22.055442; this version posted April 24, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

L-FABP — a biomarker of liver donor quality in liver transplantation

subjected to SDS-PAGE. The proteins were transferred onto polyvinylidene fluoride
(PVDF) membranes. After blocking with 5% milk for 1 h, the membranes were
stained with a primary antibody against L-FABP overnight at 4 °C followed by a
secondary antibody for 1 h at room temperature. The membranes were visualized by

an enhanced chemiluminescent kit (Thermo Fisher Scientific).

Statistical Rationale

All data are presented as the meantSEM. Statistical analysis was performed with
GraphPad Prism 5 software. For statistical analysis of two groups, significant
differences were determined by unpaired, two-tailed, Student’s t test. Analysis of
variance (ANOVA) was used for analyses of more than two groups. Statistical p

values <0.05 were considered significant.

Results

Demographics and clinical characteristics of recipients and donors

Fifteen liver transplant recipients were chosen for proteomics analysis; they were
divided into 3 groups, the PNF, EAD and OG groups, with 5 cases in each group. All
patients were male. The median age was 53 (29-67), 54 (34-55) and 53 (46-61) years
for the PNF, EAD and OG groups, respectively (Table 1). The mean (+ SD) BMI was
20.66 kg/m? (£ 2.2) for the PNF group, 26.2 kg/m* (+ 1.2) for the EAD group, and
24.2 kg/m? (+ 3.7) for the OG group, and 53.3% of recipients had a normal body

weight. The major diagnoses of LT patients were liver failure and hepatocellular
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carcinoma, and there was one case of primary biliary cirrhosis. The preoperative mean
MELD scores were 26.8 + 12.8 for the PNF group, 14.8 + 7.7 for the EAD group, and
16.6 = 13.1 for the OG group. The clinical characteristics of LT included cold
ischemia time, warm ischemia time, anhepatic time, and surgery and transfusion time
and can be found in Table 1. The mean age of the donors was 34.4 + 7.0 years, 35.8 +
12.4 years, 22.2 + 13.9 years for the PNF, EAD and OG groups, respectively. A total
of 73.3% of donors were men. The leading primary causes of donor death were

traumatic brain injury (60.0%) and adverse cardiovascular events (33.3%) (Table 2).

Proteome of the human liver during transplantation

In the present study, quantitative proteomic analysis (iTRAQ) was used to identify
proteins that accumulated at different time points in donor livers before and after
reperfusion during liver transplantation. The proteomics analysis flow-chart is shown
in supplemental Fig. S1. A total of 1,719,726 spectra were obtained, of which 41,178
unique peptides and 6,505 proteins were matched to known spectra in the reference
genomes using Mascot software.

A total of 6,048 proteins were functionally annotated with Gene Ontology (GO)
terms. 5,402 of the proteins participate in biological processes with 33 unique proteins,
most of which are associated with the GO terms single-organism processes, metabolic
processes, cellular processes and biological regulation. A total of 1,256 proteins
engaged in molecular functions (including 91 unique proteins) were identified, with

the most proteins being associated with the GO terms catalytic activity and binding
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processes. The number of cellular components and unique cellular components
represented by the proteins was 5,782 and 361, respectively, with the most proteins
being associated with the GO terms cell, cell part, organelle, organelle part, and
membrane (Fig. 1A). 4,886 proteins were associated with all three GO terms (Fig.
1B).

A total of 5,977 proteins (98.83%) were annotated by KEGG pathway analysis, and
324 pathways were identified (Fig. 1C). Many proteins were found to participate in
the processes of metabolic pathways (15.11%), endocytosis (3.6%), the PI3K-Akt
signaling pathway (3.05%), phagosomes (2.64%), protein processing in the
endoplasmic reticulum (2.43%), spliceosomes (2.28%), regulation of the actin
cytoskeleton (2.24%), focal adhesion (2.21%) and RNA transport (2.16%). There
were 182, 107, 98, 84 and 82 proteins identified in the PI3K-Akt signaling pathway,
the MAPK signaling pathway, the Ras signaling pathway, the mTOR signaling
pathway and apoptosis pathways, respectively. After comparative proteomics analysis
of pairs among the 7 groups (the PNF1, PNF2, EAD1, EAD2, OG1, OG2, and control
groups), 579 differentiated proteins were found to be upregulated or downregulated

(Fig. 1D).

Differentially expressed proteins after liver ischemia reperfusion injury
Specific proteins associated with IRI were identified by comparing the PNF2, EAD2,
OG2 and control groups. Comparisons of iTRAQ proteomics results of the PNF2 and

control groups, EAD2 and control groups and OG2 and control groups identified a
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total of 220, 110 and 78 differentially expressed proteins, including 91 upregulated
and 129 downregulated proteins, 39 upregulated and 71 downregulated proteins, 39
upregulated and 39 downregulated proteins, respectively (Fig. 2A). Twenty-two
proteins were differentially expressed in the three pairs, including RIDA, F10Al,
GSTOIl, KCY, MDHC, PARK7, AK1A1, FKB1A, PSB7, L-FABP, HINT1, TRFL,
CX7A2, GCSH, PERM, ANXA3, HRG, NGAL, ARF6, LYSC, MMP9, and PRTN3
(Fig. 2B). Based on annotation with GO terms, 21 proteins are involved in biological
processes, including cellular processes, metabolic processes, single-organism
processes, biological regulation, response to stimulus, cellular component
organization or biogenesis, localization, and multicellular organismal processes (Fig.
2C). All 22 proteins plays a role in cellular components and molecular function and
most are represented by the terms cell part, organelle part for cellular component and
binding, and catalytic activity for molecular function. These proteins are involved in
the following pathways: the metabolic pathway, the IL-17 signaling pathway, fat
digestion and absorption, the Ras signaling pathway, the TNF signaling pathway, the

PPAR signaling pathway, the estrogen signaling pathway, et al.

Protein annotation after cold preservation of donor livers

Differential proteins related to cold preservation damage were also analyzed by
comparing the PNF1, EADI1, and OG1 groups to the control group. A total of 202
proteins were found to be differentially expressed among those groups, 17 of which

were differentially expressed between all of the groups (Fig. 3A). The differentially
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expressed proteins were as follows: F10A1, BLVRB, GDIR2, ZN648, HBB, ZA2G,
HBA, PRDX2, L-FABP, SC23A, ACS2A, GBB2, THIK, TBA4A, RL12, SEC13, and
BDH (Fig. 3B). All 17 proteins are involved in biological processes, the cellular
component and molecular function based on GO term annotation analysis. Most of the
representative proteins participate in binding and catalytic activity for molecular
function, cell and cell part for cellular component, and metabolic processes and
cellular processes for biological processes (Fig. 3C). For pathway analysis, the
following pathways were found to be involved in the process of cold preservation
injury: the PPAR signaling pathway, the mTOR signaling pathway, the Ras signaling
pathway, apoptosis, chemokine signaling pathways, the PI3K-Akt signaling pathway,

et al.

MRM validation of differentially expressed proteins

MRM analysis was used to validate the target proteins expressed in the liver. In the
present study, 119 proteins were chosen for MRM verification, and 103 proteins were
suitable for MRM analysis. Finally, 57 proteins with a high level of fold change and
association with liver injury were used for MRM verification. The log ratios of the
proteins determined by MRM quantitative analysis were significantly positively
correlated with the ratios determined by iTRAQ (Fig. 4A, R = 0.6465). In the
comparison between the PNF2 group and the control group, the significant
upregulation of 1 protein (VWF) and the significant downregulation of 8 proteins

(L-FABP, THIO, HPPD, 6PGD, ACY1, PRDXI1, HGD, and CNDP2) identified by
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iTRAQ were consistent with the results of MRM analysis.

L-FABP is a differential protein in human transplantation

We further compared proteins between the X1 and control groups and the X2 and
control groups, evaluating cold preservation injury- and IRI-related proteins
separately. The results showed that 2 proteins, L-FABP and F10A 1, were significantly
differentially expressed in injured liver tissue and normal liver tissue (supplemental
Fig. S2). In the subsequent MRM validation process, the protein intensity of L-FABP
in all groups showed that its expression in the PNF1 group was significantly lower
than that in the EAD1, OGI1 and control groups. L-FABP expression in the PNF2
group was the lowest among all groups (Fig. 4B). As shown above, L-FABP is a
differentially expressed protein in both cold preservation injury and reperfusion injury,

indicating that it is a possible marker of liver quality.

L-FABP expression is increased after IRI injury in the mouse

Since differences of L-FABP expression existed before and after reperfusion, it might
play a role during the pathological process in IRI. An IRI mouse model was used to
confirm this result. After 30 min of 70% hepatic I/R in mice, the levels of ALT and
AST were significantly increased, and they reached the highest levels after 6 hours of
reperfusion (Fig. 5SA). Regarding pathological evaluation, the sham operation group
exhibited normal liver structure, whereas IRI caused obvious necrosis, hemorrhage

and inflammation infiltration in the liver, as shown by the Suzuki scores (Fig. 5B, C).
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The time point at which the most severe injury was observed was 6 hours after
reperfusion, which is consistent with the change in liver function markers.
Immunohistochemistry indicated that L-FABP expression was significantly induced
by 6 h of I/R in mice (Fig. 5D). The level of L-FABP in the mouse serum was further
examined, and the results showed that L-FABP increased after 6 hours of reperfusion
but decreased back to normal levels after 24 hours (Fig. SE). This result indicates that,

like ALT and AST, L-FABP is a marker of liver injury in mice.

L-FABP might be a sign of liver donor quality in humans

To investigate the function of L-FABP in human liver transplantation, we first
checked the L-FABP level in the serum of LT donors and recipients. Since marginal
donor factors would affect donor liver recovery, donor sera were tested for L-FABP
levels before procurement, and the results showed that the donor L-FABP levels in
both PNF and EAD group were significantly higher than that in the OG group (Fig.
6A). Unfortunately, there was no difference in donor L-FABP levels between the PNF
group and the EAD group. After reperfusion, the L-FABP level was also higher in
both the PNF and EAD groups than in the OG group (Fig. 6B), suggesting that it is a
marker of liver injury. Histopathology of liver donors showed higher expression of
L-FABP after reperfusion injury in the OG and EAD groups compared to the normal
PNF group (Fig. 6C, D). However, L-FABP expression in hepatocytes after cold
preservation was not different between those groups. In a word, higher serum level

and lower tissue L-FABP expression was a suboptimal marker of donor liver quality.
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Discussion

To overcome the high incidence of EAD or PNF, an accurate assessment of graft
function is required. At present, marginal or ECD liver grafts are considered to be at
high risk for graft dysfunction, biliary complications, relapse of hepatitis, and even
graft loss or patient death (8). According to the European Liver Transplant
Association, suboptimal ECD donors are characterized by the following parameters:
donor age >65, ICU stay with ventilation >7 days, BMI >30 kg/m?, liver steatosis
>40%, serum sodium levels >165 mmol/L, ALT levels >105 U/L, AST levels >
90U/L), and bilirubin levels >3 mg/dl) (9). Currently, approximately 8% of liver graft
candidates on the waiting list die each year, and 22.3% of recipients have to accept
ECD livers (8). High mortality (35.3%) within the first month is observed in
recipients with high MELD scores that received ECD grafts, and the six months
postoperative graft survival rate using marginal grafts is was 78.9%, whereas it is
93.22% for optimal grafts (8, 10). Improving the quality of ECD liver grafts is an
important research direction. Despite the uncertainty of their accuracy, the donor risk
index and extended-criteria donor scores have been reported to be helpful in assessing
liver graft quality (8). When the quality of a liver graft is questionable, hypothermic
oxygenated machine perfusion (HOPE) and normothermic machine perfusion (NMP)
are feasible procedures for improving graft quality (11-13). In brief, good transplant
recovery depends on accurate liver donor quality evaluation before surgery.

Finding some molecular markers would help to identify suboptimal donor livers for
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transplant. Our proteomics data showed that 17 proteins, F10A1, BLVRB, GDIR2,
ZN648, HBB, ZA2G, HBA, PRDX2, L-FABP, SC23A, ACS2A, GBB2, THIK,
TBA4A, RL12, SEC13, and BDH, are differentially expressed after cold preservation,
and that these proteins may be markers for quality evaluation. However, some other
papers have also reported related results due to different model or injury. Xie H, et al
(14) has reported that several proteins, including NOX-1, ICAM-1, cytochrome C,
and VEGEF, are an independent EAD predictor, since they expressed significantly
higher in hepatocytes in pretransplant biopsy specimens via immunohistochemical
analysis. Quantitative proteome analysis showed that, in the process of acetaminophen
overdose-induced acute liver injury, decreased proteins Prdx6, Prdx3, Aldh2, Gzmf,
Bax, Apaf-1, stat3, P4hal, Ncam, a-SMA, and Cygb participate in the process of liver
injury or repair (15). It still need more investigations for confirmation of the liver
quality markers.

Hepatocytes can secrete some small proteins in response to liver damage including
liver-type fatty acid-binding protein (L-FABP; 14 kDa), a-glutathione S-transferase
(a~-GST; 26 kDa), alanine transaminase (ALT; 96 kDa) and aspartate transaminase
(16). Circulating L-FABP levels increase earlier than a-GST and ALT levels during
acute rejection of liver transplantation (16), indicating that L-FABP a sensitive
biomarker of liver injury. L-FABP regulates intracellular fatty acid homeostasis via
binding and transporting them to mitochondria or peroxisomes for f-oxidization (17).
The overexpression of L-FABP in liver cells reduces oxidative stress injury in vitro,

suggesting it is a strong endogenous antioxidant (18). The upstream regulatory genes
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of L-FABP include hepatocyte retinoid X receptor o (RXRa) (19) and ischemia-
oxidative stress-related genes such as like hypoxia-inducible factor-1 (HIF-1) and
hepatocyte nuclear factor (HNF-1, HNF-4) (20, 21). L-FABP deletion in liver tissue
protects against high saturated fat induced steatosis and fibrosis (22). Our data
confirmed that L-FABP is an injury marker during human liver transplantation and in
a mouse IRI model.

The plasma level of L-FABP is significantly elevated in drug-induced and
alcohol-induced liver injury, liver carcinoma and intestinal ischemia injury (23).
L-FABP has been proposed to be a sensitive biomarker of hepatocellular damage
during drug-induced liver injury, chronic hepatitis C infection and liver
transplantation (16, 24, 25). In liver resection surgery with intermittent Pringle
maneuver, L-FABP is released from hepatocytes and the circulation levels increase
after the completion of liver transection and decrease rapidly (26). Although L-FABP
abundantly exists in intestinal villi, it seems that short-term portal vein occlusion
during the anhepatic phase of liver resection or transplantation would not result in
intestine-derived L-FABP production (27). Considering its low molecular mass and
short plasma half-life of 11 min, L-FABP may be a complementary biomarker for
liver injury to the conventional marker of ALT levels (24, 25). Our data showed that a
higher level of serum L-FABP before donation or after reperfusion might be an
effective index for the occurrence of PNF or EAD after liver transplantation.
Additionally, lower expression of L-FABP in liver tissue after liver reperfusion might

increase the possibility of PNF occurrence after transplantation. So, serum L-FABP
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implies a marker of suboptimal graft quality
In summary, this study uncovered new insights into graft function related proteins
in liver allografts. The L-FABP level might be an effective biomarker for evaluating

donor quality in liver transplantation.
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Fig. 1. Differential proteins were analyzed by proteomics data in human liver tissues
during transplantation. Proteins were functionally annotated with Gene Ontology (GO)
for biological process, molecular function, and cellular component (A), and a Venn
diagram of the annotation of the proteins for the three processes was created (B).
Proteins were divided by COG functional classification (C). Differentially expressed
proteins between the groups are shown (D). Red column: upregulated proteins; Green

column: downregulated proteins.
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Fig. 2. Comparison of proteins identified in the control and tissue groups after
reperfusion, which might play an important role in IRI pathogenesis. A shows a Venn
diagram of differentially expressed proteins between PNF2, EAD2, OG2 and control
liver tissue. B shows cluster analysis of the common proteins that were differentially
expressed in the three groups. C represents the GO annotation analysis results of the

differentially expressed proteins.
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Fig. 3. Comparative proteins were identified in the control and cold preservation
groups and might represent markers of cold storage injury. A shows a Venn diagram of
differentially expressed proteins between PNF1, EADI, OG1 and control liver tissue.
B shows cluster analysis of the common proteins that were differentially expressed in
all three groups. C represents the GO annotation analysis results of the differentially

expressed proteins.
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Fig. 4. L-FABP might be a possible marker to identify liver donor with lower quality. A. The
correlation between iTRAQ and MRM quantified log ratio for target proteins of the comparison

groups. B. Normalized peptide intensity of FABPL in all groups of MRM confirmation analysis.
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Fig. 5. L-FABP is a biomarker of liver injury in a mouse IRI model. (A) Serum ALT
and AST levels were determined after different reperfusion times in the IRI group and
sham group. (B) HE staining of liver sections from the IRI groups at different time
points. Original magnification: 100x. (C) The mean pathological score of the liver
sections. All values are expressed as the mean = SEM. n = 6 independent sections.
**P<(0.05. (D) Immunohistochemical staining of liver specimens with an antibody
against mouse L-FABP is shown. The mean density of positive staining was
calculated, as shown in the right panel. (E) Serum L-FABP levels in IRI mice were
examined by an ELISA kit. The data are presented as the mean = SEM. *P<0.05,

**#P<0.01, and ***P<0.001 between two groups, as indicated.
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Fig. 6. L-FABP might be a suboptimal donor liver injury index for human liver
transplantation. (A) Liver transplant recipients were selected for serum L-FABP
detection during the first week of surgery. (B) Donor sera acquired before organ
procurement were investigated for L-FABP concentration, and differences among the
PNF, EAD and OG groups were compared. (C) After 2 hours of donor liver
reperfusion, recipient serum L-FABP levels were examined by ELISA. (D, E)
L-FABP expression in liver tissue after cold preservation and reperfusion and in
normal control tissue was evaluated by immunohistochemistry. Panel D shows
representative data of L-FABP expression in hepatocyte cytoplasm. Panel E shows the
relative expression of L-FABP in tissues from the different groups. The data are
presented as the mean + SEM. ns, no significance; *P<0.05, **P<0.01, and

**%P<0.001 between two groups, as indicated.
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Table 1. Recipients demographic data and clinical Characteristics.

Patient number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Age (years) 29 53 57 67 52 34 55 54 41 54 61 52 46 53 54
Gender (M/F) M M M M M M M M M M M M M M M
BMI (kg/m2) 23.2 18.9 20.6 22.5 18.1 269 245 255 277 265 195 236 284 274 221
Diagnosis ACLF ACLF ACLF HCC HCC ALF HCC HCC HCC HCC HCC HCC ACLF CLF PBC
Blood type AB (0] B B A A A A A B B B B A B
TBIL (mg/dL) 309.2 3474 7302 484 46.7 427 18.6  30.1 89 347 313 205 5385 42 20.2
creatinine (mg/dL) 142 57 181 80 48 77 65 68 65 78 59 94 157 79 66
INR 2.34 1.9 3.51 1.48 146 229 1.1 123  1.16 1.4 1.2 1.04 344 196 1.08
MELD score 40 25 40 15 14 28 8 1 14 13 11 8 39 17 8
Child-Pugh points C B C A A B A B B A A A C B B
Triglyceride (mmol/L) 0.89 0.9 0.51 1.1 1.73  0.99 0.7 122 142 073 091 0.86 0.6 1 0.55
Cholesterol (mmol/L) 3.5 2.1 1.7 3.7 32 7.4 4.2 1.2 4.5 4.4 6.4 7.1 2.1 3.1 32
LDL (mmol/L) 2.12 1.79 2.45 2.45 1.82 542 289 089 337 296 354 486 1.82 1.67 1.8
CIT (hours) 11.2 8 6 11.9 7.8 6.7 9.1 8.6 6.5 9.7 6.6 4.7 6.3 9 5.8
anhepatic phase (mins) 60 44 81 64 125 60 77 51 66 110 63 45 64 48 55
Time for  surgery

8 6 9.5 10 9.7 8.7 10.5 8.3 7.8 10 8.7 7.8 7.5 7.9 8.5
(hours)
Blood loss (ml) 3500 10000 2500 2500 12000 1500 2000 2000 800 7000 1500 1000 1000 1500 1800
RBC transfusion(u) 650 3400 1400 1200 6400 800 1600 200 200 3000 1400 200 1400 800 2300

Fresh frozen plasma

2000 3700 1900 1500 8050 1200 1400 200 150 5900 2000 800 2000 2000 2000
transfusion (ml)
Cryoprecipitate

transfusion (u)
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Platelet transfusion (u) 0 0 1 0 1 1 0 0 0 2 1 0 1
Max ALT within 7

1304 1822 3949 1944 7585 2792 3058 3151 2214 1128 179 425 280
days pTx
Max AST within 7

3423 7589 19837 14463 18997 6723 7365 6929 8842 4372 324 1607 537
days pTx
Max TBIL within 7

138.4 606.7 9634 2622 680.5 371.8 210.5 604.6 613.4 2859 579 872 213
days pTx
Dead time pTx ( days ) 1 7 7 6 1 - - - - - - - -

678

534

58.1

103

292

121.5

Abbreviations: ACLF, acute-on-chronic liver failure; ALF, acute liver failure; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

BMI, body mass index; CIT, cold ischemia time; CLF, chronic liver failure; HCC, hepatocellular carcinoma; LC, Liver Cirrhosis; LDL, Low-density

lipoprotein; MELD, model for end-stage liver disease; PBC, primary biliary cirrhosis; TBIL, Total bilirubin;
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Table 2. Clinical Features of Organ Donors

Donor number 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Gender (M/F) F M M M M M F M M F M M M M F
Age (years) 32 43 36 37 24 47 31 49 33 19 14 46 15 23 13
) 247 216 206 257 264 226 211 232 253 247 195 219 191 233 208
Cause of death HE TBI TBI TBI TBI TBI TBI HS TBI TBI TBI HS IS HS HS
Blood type B o o B A A A A A B B B B A B
Donation type DBD DBD DBD DCD DCD DBD DBD DBD DBD DCD DBD DBD DCD DBD DBD
ALT

AST

TBIL

HBsAg - - - - - + - - - - - - - - -
HCV - - - - - - - - - - - - - - -
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WIT (mins) 0 0 0 12 8 0 0 0 0 3 0 0 6 0 0
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; DCD, donation after circulatory death; DBD, donation after
brain death; IS, ischemic stroke; HS, hemorrhagic stroke; HIE, hypoxic-ischemic encephalopathy; TBI, traumatic brain injury; TBIL, Total bilirubin;

WIT, warm ischemia time;
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