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Liver transplantation (LT) is the most effective treatment method for advanced stage liver disease but acute
cellular rejection (ACR) seriously affects the prognosis of LT. To discover novel diagnostic biomarkers of ACR

ACR after LT, Isobaric Tags for Relative and Absolute Quantitation (iTRAQ)-based mass spectrometry was performed

Early Diagnosis
Protein Markers
iTRAQ

to characterize alterations of serum proteins among patients validated to be pathologically ACR or pathologically
no-ACR after LT and healthy controls. As a result, 10 differentially expressed proteins were found out between
the ACR group and the No-ACR group; 88 differentially expressed proteins were found out between the ACR

group and the Healthy Control group; 39 differentially expressed proteins were found out between No-ACR
group and Healthy Control group. After analysis and ELISA validation, the results showed that CFHR1, CFHR5
and CFH could be candidate protein biomarkers for the early diagnosis of ACR after LT.

1. Introduction

Since firstly used by Starzl at 1963, with half a century of devel-
opment, liver transplantation (LT) has become the most effective
treatment method for advanced stage liver disease [1,2]. Acute cellular
rejection (ACR) is an important factor which affects the prognosis of LT
[3]. Due to the application of potent immunosuppressive drugs, clinical
occurrence of ACR was significantly reduced, and clinical symptoms
and signs of ACR are lack of typicality. Moreover, some other patho-
logical changes of the liver after LT may make the early diagnosis of
ACR become more difficultly [4-6].

Isobaric Tags for Relative and Absolute Quantitation (iTRAQ)-based
mass spectrometry, as an important proteomic technology, has been
widely used to find differentially expressed proteins of many diseases
[7-10]. But it's less used in the fields of diagnosis of allograft rejection
in organ transplantation and finding rejection-related biomarkers. In
this study, looking forward to finding specific protein markers asso-
ciated with ACR, iTRAQ-based mass spectrometry and bioinformatic
technologies were used in separating, screening and identifying differ-
entially expressed serum proteins among patients after LT (classified in
ACR and No-ACR groups) and healthy persons.

2. Materials and methods
2.1. Collection of serum samples

The subjects in this study were from Tianjin First Central Hospital
from January 2013 to December 2014, totally including 6 ACR patients,
16 no-ACR patients and 6 healthy persons. All the ACR patients were
confirmed by the tissue pathological analyses, which is the golden
standard of the ACR. The no-ACR patients showed normal clinical
symptoms and liver function test after LT. Due to the iTRAQ limiting
condition, three ACR patients were selected in the ACR group and three
no-ACR patients were selected in No-ACR group, who were all male and
in the similar ages. The healthy persons were from the volunteers who
also had the same gender and similar ages. The whole blood samples of
ACR group were acquired during the rejection period, and which in No-
ACR group were acquired at the 3rd and 4th weeks after LT. After
collection, whole blood samples were placed at 4 °C for 60 min, and
centrifuged at 2000 rpm for 30 min to collect serum. The serum samples
were preserved at — 80 °C for further analysis.
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Clinical characteristics of ACR and No-ACR patients involved in iTRAQ experiment.

Group Gender Age Primary disease ALT TU/L (5-35) AST TU/L (0—31) ALP IU/L (40-150) Gln IU/L (5-36)
ACR Male 49 Liver failure after LT 148.9 84.6 118.9 196.6

Male 48 Hepatitis C cirrhosis 55 78 73 210.3

Male 59 Hepatitis C cirrhosis 37.9 117.1 253 417.8
No-ACR Male 56 Hepatitis B cirrhosis 18 10.8 106.3 56.7

Male 45 Hepatitis B cirrhosis 24.9 39.8 124.4 87.4

Male 53 Hepatitis C cirrhosis 10.6 13.2 112.2 46.9

2.2. Preparation and labeling of serum proteins

To reduce individual differences, pipetted 200ul serum of six sam-
ples of Healthy Control (HC) group, mixed them, and then separate into
two samples. Then high-abundance proteins in 3 ACR samples and 3 no-
ACR samples and 2 mix Health Control samples were removed with the
ProteoMiner protein enrichment kit (Bio-Rad). And the serum proteins
concentration was measured by bradford method. Then the serum
proteins were digested into peptides by trypsin at 37 °C for 12h, la-
belled them by Isobaric Tags for Relative and Absolute Quantitation
(iTRAQ) reagent (3 serum samples of ACR group labelled 113, 114 and
115 and 3 serum samples of No-ACR group labelled 116,117 and 118, 2
mix Health Control samples labelled 119 and 121).

2.3. LC-MS/MS analysis

Labelled peptides were fractionated by strong cation exchange li-
quid chromatograph (SCX) using Luna® 5pm SCX 100A column
(Phenomenex, USA). The flow rate was 1 ml/min, and the peptides
were eluted by a step linear elution program: 0-20 min equilibration in
100% buffer A(10 mM KH,PO,, pH 3.0, 25% v/v ACN), 20-21 min fast
elution with 0-5% buffer B (10 mM KH,PO,, pH 3.0, 2 M KCl and 25%
v/v ACN), 21-41 min linear elution from with 5-30% buffer B,
41-61 min washing elution with 30-50% buffer B and 61-67 min elu-
tion with 100% buffer B. Then the eluates then loaded onto Q-Exactive
MS (Thermo Fisher Scientific, USA) with full MS scans ranging from
350 to 2000 m/z at a resolution of 70,000.

2.4. iTRAQ data processing

The raw MS/MS data were converted into MGF format by Proteome
Discoverer 1.3 (Thermo Scientific), and the exported MGF files were
further compared with the Uniprot_human database using Mascot 2.3.0
(Matrix Science). The peptide searching parameters included a pre-
cursor mass tolerance of 15 ppm, a fragment ion mass tolerance of 20
mmu, a tolerance of one missed cleavage of trypsin, carbamidomethyl
group of cysteine as the fixed modification, and Oxidation (M), Gln —
Pyro-Glu (N-term Q), iTRAQ 8 plex (K), iTRAQ 8 plex (Y) and iTRAQ 8
plex (N-term), as variable modifications.

2.5. Analysis of the iTRAQ data

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway ana-
lysis was carried out to find out the important pathways of differentially
expressed serum proteins and based on the latest KEGG database. Gene
Ontology (GO) analysis was used find the unique biological significance
of the differentially expressed serum proteins.

2.6. Elisa

To validate the differentially expressed proteins, we quantified
serum content of CFH using commercially available ELISA kits (Human
complement factor H, CFH ELISA Kit, CUSABIO, China) according to
the manufacturer's instructions. The absorbances were examined at
450 nm using a microplate reader (Multiskan Spectrum Microplate

Reader, Thermo Scientific, USA).

2.7. Statistical analysis

Statistical analyses were performed using SPSS18.0. and rank sum
test were used to evaluate significant differences between different
groups. P < 0.05 was considered significant.

3. Results

3.1. iTRAQ-based profiling of the differentially expressed serum proteins
from patients with ACR after LT

In this study, we profiled differentially expressed serum proteins in
serum samples from 6 patients after LT (Table 1) and healthy controls
(Fig. 1).

Overall, totally 488 proteins were identified by against the
UniProt_human database. In this study, 1.2-fold change was chosen as
variance threshold; ratio > 1.2 was up-regulated and ratio < 0.83
was down-regulated. As a result, ten differentially expressed proteins
were found out between the ACR group and the No-ACR group, in-
cluding 3 wup-regulated proteins and 7 down-regulated proteins
(Table 2). The heat map cluster analysis of these ten proteins was
showed in Fig. 2. There were 88 differentially expressed proteins be-
tween the ACR group and the HC group, including 36 up-regulated
proteins and 52 down-regulated proteins (Supplementary Table 1);
there were 39 differentially expressed proteins between No-ACR group
and HC group, including 17 up-regulated proteins and 22 down-regu-
lated proteins (Supplementary Table 2).
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Fig. 1. Study flow chart.
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Table 2
Differentially expressed proteins in serum between ACR and No-ACR.
Response trend Protein name Accession number Ratio Unique Peptides MW [kDa] cale. pl
Up-regulated Polymeric immunoglobulin receptor P01833 2.486 19 83.2 5.74
Glutathione peroxidase 3 P22352 1.371 9 25.5 8.13
Integral membrane protein 2B Q9Y287 1.326 1 30.3 5.14
Domn-regulated Retinoic acid receptor responder protein 2 Q99969 0.713 1 18.6 9.09
Complement factor H-related protein 1 Q03591 0.666 3 37.6 7.39
Insulin-like growth factor-binding protein 1 P08833 0.653 5 27.9 5.19
Ficolin-1 000602 0.466 1 35.1 6.86
Complement factor H-related protein 5 Q9BXR6 0.426 22 64.4 7.06
Eukaryotic translation initiation factor 5A-1 P63241 0.355 2 16.8 5.24
Apolipoprotein(a) P08519 0.341 6 501 5.88

3.2. Bioinformatic analysis of our differentially expressed serum proteins

To further investigate the function of differentially expressed serum
proteins, STRING, a database and web resource of known and predicted
protein-protein interactions, was used to screen functional proteins and
provide a protein—protein interaction networks. And the further KEGG
pathway analysis showed that many differentially expressed serum
proteins were found to be mostly enriched in complement and coagu-
lation cascades pathway (Table 3 and Figs. 3, 4) both in ACR vs HC and
No-ACR vs HC. Then the Venn diagram showed that there were 9 dif-
ferentially expressed serum proteins overlapped in ACR vs No-ACR and
ACR vs HC (Fig. 5). We utilized these 9 proteins for the GO analysis and
found that the most enriched biological process was complement acti-
vation (Table 4). The 3 proteins involved in complement activation
were CFHR1, CFHR5 and FCN1. However, FCN1 was one of the 2
proteins differentially expressed overlapped in No-ACR vs HC and ACR
vs HC and its differential expression may due to the LT surgery.
Therefore, CFHR1 and CFHR5 may be potential serum protein markers
of ACR.

3.3. ELISA validation results and statistical analysis

CFHR1 and CFHRS5 are members of the complement factor H family
[7]. CFHR protein binds to C3b and acts around or in concert with the
main complement alternative pathway regulator complement factor H
(CFH) [8-10]. Therefore, we further hypothesized that the CFH may
also dysregulated in patients occurred ACR after LT. Then we validated
it by ELISA, and we also expanded the serum samples to compare the
serum CFH content between ACR patients and No-ACR patients in dif-
ferent periods after LT (3 weeks and 4 weeks). The result of ELISA
showed that compared with No-ACR, serum levels of CFH in patients
occurred ACR after LT were significantly downregulated (Fig. 6). The
result indicated CFH may be also a candidate potential diagnostic
protein marker of ACR after LT.

4. Discussion

Organ transplantation had a great development during the past few
decades, but there are still many problems. ACR not only is an im-
portant cause of early graft dysfunction, but also affect long-term graft
survival [11-13]. These years, researchers begun to focus on non-spe-
cific immunity, especially the relationship between complement system
and organ transplantation, for early diagnosis of rejection to improve
the prognosis and function of transplanted organs [14,15].

Complement system is an important part of the immune system
[16-19]. Inflammation and tissue damage could activate the comple-
ment system, not only via the classical pathway by antigen-antibody
reaction, but also via the alternative pathway by the fragments of tissue
damage. The activation products either kill target cells directly through
the membrane attack complex or result in increased vascular perme-
ability. Inflammatory cell accumulation caused or aggravated in-
flammation through activating fragments C2a, C3a, C4a, C5a as in-
flammatory mediators [20]. In addition, iC3b, C3d, C5a have immune
regulatory effects and they could promote the proliferation of T, B
lymphocytes or the production of antibodies and cytokines [21]. ACR
after LT is an inflammatory process itself, thus in this inflammatory
process, complement activation is undoubtedly detrimental [22-25].
Some studies have shown that the expression of complement regulatory
proteins on liver parenchyma cell membrane is defective, which could
not effectively suppress the activation of complement system on the
surface of sinusoidal endothelial cells, hepatocytes and bile duct cells
[26,27]. Moreover, multiple factors, such as rich blood supply, dis-
continuous holes on the sinusoidal endothelial and no basement
membrane between sinusoidal endothelial cells and liver cells,make
plasma components could freely enter the Disse space. Therefore, he-
patocytes, sinusoidal endothelial cells and bile duct cells may be more
susceptible to complement-mediated damages.

In this study, we profiled 2 differentially expressed proteins, CFHR1
and CFHR5 may be potential serum protein markers of ACR. CFHR1
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Fig. 2. The heat map cluster analysis of the ten proteins, which were found out between the ACR group and the No-ACR group.
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Table 3
KEGG Pathways analysis.
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Group Pathway ID Pathway description Count in gene set False discovery rate
ACR vs HC 04610 Complement and coagulation cascades 12 2.74e-14

04977 Vitamin digestion and absorption 3 0.0202

04512 ECM-receptor interaction 4 0.0455
No-ACR vs HC 04610 Complement and coagulation cascades 7 5.85e-09

Complement and coagulation cascades pathway

Fig. 4. The KEGG pathway analysis result of the differentially expressed serum
proteins between No-ACR vs HC group.
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and CFHR5 acts around or in concert with the main complement al-
ternative pathway regulator CFH [7-10], so we validated the serum
CFH content between ACR patients and No-ACR patients in different
periods after LT and found the serum levels of CFH in patients occurred
ACR after LT were also downregulated.

CFH plays a regulatory role on C3 convertase-C 3bBb in the alter-
native pathway [28,29]. On one hand, CFH combines with C3b com-
petitively with factor B or Bb, blocking the formation of C 3bBb or
making C 3bBb dissociation. On the other hand, as a cofactor of factor I,
CFH could make C3b easier to be hydrolyzed and inactivated by factor I
to inhibit the activity of C 3bBb. If the serum level of CFH is reduced, its
C3-convertase inhibiting function will be weaken or disappeared. Then
the alternative pathway would be activated and the amplification me-
chanism be started, resulting in the rising of cytolysis effect, cytotoxic
effect and ultimately leading to the occurrence of ACR after LT
[25,30-33]. It was reported that CFH deficiency would cause atypical
hemolytic uremic syndrome and LT could cure this disease to some
extent [34]. In other words, LT itself would not reduce the CFH content
in serum. Therefore, we believe that the downregulation of CFH is re-
lated to the occurrence of ACR after LT and CFH may be also a candi-
date of ACR diagnostic specificity protein biomarkers after LT.
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No-ACR vs Healthy Control
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62 ACR vs Healthy Control

Fig. 5. The overlap of differentially expressed proteins between the all groups.

Table 4

GO analysis of 9 differentially expressed serum proteins both in ACR vs No-ACR and ACR vs HC.

Function Pathway ID Pathway description Count in gene set False discovery rate
Biological Process G0:0006956 complement activation 3 0.00993
Cellular Component G0:0005576 extracellular region 9 0.000863
1000- B proteins associated with ACR after LT. After iTRAQ-based mass spec-
= ok trometry, bioinformatics analysis and ELISA validation, we found
%m 8004 CFHR1, CFHRS5 and CFH were downregulated in patients occurred ACR
< u after LT, and could be candidate protein biomarkers for the early di-
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Fig. 6. The ELISA results of the CFH protein expression levels in ACR patients
and No-ACR patients of different periods after LT (3 weeks and 4 weeks).

Currently, the gold standard of the clinical diagnosis of ACR is pa-
thological examination after biopsy [35-38]. Due to the application of
potent immunosuppressive drugs, the clinical incidence of ACR was
significantly reduced, and the clinical symptoms and signs of ACR is a
lack of typicality. Overlapped and compound pathology existing be-
tween other liver diseases after LT and ACR makes early diagnosis of
ACR increasingly difficult [39-42]. In addition, due to the puncture
site, pathological diagnosis is limited, which affects the detection rate
of ACR. As the occurrence of ACR could cause serious damages to the
patients, specific serum protein markers for early diagnosis of ACR were
urgently to be found. Finding out specific serum protein markers could
not only increase the positive detection rate of ACR, but also take the
advantage of early diagnosis. We will study further on the differentially
expressed proteins profiled in this study to provide more specific serum
protein marker and theoretical basis for early prediction of ACR after
LT.

5. Conclusion

The aim of this research was to find differentially expressed serum
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.trim.2018.11.005.

References

[1]
[2]

T.E. Starzl, The long reach of liver transplantation, Nat. Med. 18 (2012) 1489-1492.
T.E. Starzl, T.L. Marchioro, K.N Vonkaulla, G. Hermann, R.S. Brittain,

W.R. Waddell, Homotransplantation of the liver in humans, Surg Gynecol Obstet
117 (1963) 659-676.

J.M. de la Pena-Moral, J.A. Pons, S. Tome, F. Gude, M. Miras, J. Bermejo, et al.,
Acute cellular rejection versus recurrent hepatitis C after liver transplantation:
Clinical and pathological features driving a rational diagnostic approach, Hepatol.
Res. 45 (2015) 423-431.

E. Sticovd, E. Honsova, Diagnosis of rejection in a transplanted liver, Cesk. Patol. 51
(2015) 166-168.

L. Cheng, F. Tian, L. Tang, S. Wang, G. Chen, G. Duan, et al., Local distribution
analysis of cytotoxic molecules in liver allograft is helpful for the diagnosis of acute
cellular rejection after orthotopic liver transplantation, Diagn. Pathol. 7 (2012) 148.
J.W. Chen, D.Z. Chen, Z.R. Yang, Diagnosis and differentiation of rejection after
liver transplantation: report of 5 cases, Hepatobiliary Pancreat Dis Int 4 (2005)
182-184.

C. Skerka, Q. Chen, V. Fremeaux-Bacchi, L.T. Roumenina, Complement factor H
related proteins (CFHRs), Mol. Immunol. 56 (2013) 170-180.

M. Jézsi, A. Tortajada, B. Uzonyi, E.G. de Jorge, S.R. de Cérdoba, Factor H-related
proteins determine complement-activating surfaces, Trends Immunol. 36 (2015)
374-384.

M. Jézsi, S. Meri, Factor H-related proteins, Methods Mol. Biol. 1100 (2014)

[3]

[4]

[5]

[6]

[7

[8]

[91]


https://doi.org/10.1016/j.trim.2018.11.005
https://doi.org/10.1016/j.trim.2018.11.005
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0005
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0010
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0010
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0010
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0015
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0015
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0015
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0015
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0020
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0020
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0025
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0025
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0025
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0030
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0030
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0030
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0035
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0035
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0040
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0040
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0040
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0045

Q. Jiang et al.

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]
[18]
[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

225-236.

E.G. de Jorge, J.J. Caesar, T.H. Malik, M. Patel, M. Colledge, S. Johnson, et al.,
Dimerization of complement factor H-related proteins modulates complement ac-
tivation in vivo, Proc. Natl. Acad. Sci. U. S. A. 110 (2013) 4685-4690.

J.C. Krisl, R.R. Alloway, A.R. Shield, A. Govil, G. Mogilishetty, M. Cardi, et al.,
Acute rejection Clinically Defined Phenotypes Correlate with long-term Renal
Allograft Survival, Transplantation 99 (2015) 2167-2173.

M. Benzimra, G.L. Calligaro, A.R. Glanville, Acute rejection, J Thorac Dis 9 (2017)
5440-5457.

K. Wu, K. Budde, H. Lu, D. Schmidt, L. Liefeldt, P. Glander, et al., The severity of
acute cellular rejection defined by Banff classification is associated with kidney
allograft outcomes, Transplantation 97 (2014) 1146-1154.

C.L. Nauser, C.A. Farrar, S.H. Sacks, Complement Recognition Pathways in Renal
Transplantation, J. Am. Soc. Nephrol. 28 (2017) 2571-2578.

S. Béland, O. Désy, P. Vallin, C. Basoni, S.A. De Serres, Innate immunity in solid
organ transplantation: an update and therapeutic opportunities, Expert. Rev. Clin.
Immunol. 11 (2015) 377-389.

D. Ricklin, G. Hajishengallis, K. Yang, J.D. Lambris, Complement: a key system for
immune surveillance and homeostasis, Nat. Immunol. 11 (2010) 785-797.

J. Kohl, Self, non-self, and danger: a complementary view, Adv. Exp. Med. Biol. 586
(2006) 71-94.

G. Hajishengallis, E.S. Reis, D.C. Mastellos, D. Ricklin, J.D. Lambris, Novel me-
chanisms and functions of complement, Nat. Immunol. 18 (2017) 1288-1298.
P.F. Zipfel, Complement and immune defense: from innate immunity to human
diseases, Immunol. Lett. 126 (2009) 1-7.

N. Rawal, R. Rajagopalan, V.P. Salvi, Activation of complement component C5:
comparison of C5 convertases of the lectin pathway and the classical pathway of
complement, J. Biol. Chem. 283 (2008) 7853-7863.

E.L. Morgan, M.L. Thoman, P.D. Hoeprich, T.E. Hugli, Bioactive complement
fragments in immunoregulation, Immunol. Lett. 9 (1985) 207-213.

E. Stites, Q.M. Le, J.M. Thurman, The Complement System and Antibody-Mediated
Transplant rejection, J. Immunol. 195 (2015) 5525-5531.

K.A. Thomas, N.M. Valenzuela, E.F. Reed, The perfect storm: HLA antibodies,
complement, FcyRs, and endothelium in transplant rejection, Trends Mol. Med. 21
(2015) 319-329.

N.M. Valenzuela, J.T. McNamara, E.F. Reed, Antibody-mediated graft injury:
complement-dependent and complement-independent mechanisms, Curr Opin
Organ Transplant 19 (2014) 33-40.

1.G. Bos, B.I.J. Ten, C.E. Hack, Role of complement in graft rejection after organ
transplantation, Transfus. Med. Rev. 16 (2002) 251-264.

X.P. Verhelst, R.I. Troisi, I. Colle, A. Geerts, H. van Vlierberghe, Biomarkers for the
diagnosis of acute cellular rejection in liver transplant recipients: a review, Hepatol.
Res. 43 (2013) 165-178.

12

[27]

[28]

[29]

[30]

[31]
[32]
[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

Transplant Immunology 53 (2019) 7-12

R.A. Deangelis, M.M. Markiewski, I. Kourtzelis, S. Rafail, M. Syriga, A. Sandor,

et al., A complement-IL-4 regulatory circuit controls liver regeneration, J. Immunol.
188 (2012) 641-648.

H. Kerr, E. Wong, E. Makou, Y. Yang, K. Marchbank, D. Kavanagh, et al., Disease-
linked mutations in factor H reveal pivotal role of cofactor activity in self-surface-
selective regulation of complement activation, J. Biol. Chem. 292 (2017)
13345-13360.

V.P. Ferreira, M.K. Pangburn, C. Cortés, Complement control protein factor H: the
good, the bad, and the inadequate, Mol. Immunol. 47 (2010) 2187-2197.

M. Touzot, E.N. Obada, S. Beaudreuil, H. Francois, A. Durrbach, Complement
modulation in solid-organ transplantation, Transplant Rev (Orlando) 28 (2014)
119-125.

G. Chen, S. Chen, X. Chen, Role of complement and perspectives for intervention in
transplantation, Immunobiology 218 (2013) 817-827.

M.D. Stegall, M.F. Chedid, L.D. Cornell, The role of complement in antibody-
mediated rejection in kidney transplantation, Nat Rev Nephrol 8 (2012) 670-678.
S.H. Sacks, W. Zhou, The role of complement in the early immune response to
transplantation, Nat Rev Immunol 12 (2012) 431-442.

S. Kim, E. Park, S.I. Min, N.J. Yi, J. Ha, L.S. Ha, et al., Kidney Transplantation in
patients with Atypical Hemolytic Uremic Syndrome due to Complement factor H
Deficiency: Impact of Liver Transplantation, J. Korean Med. Sci. 33 (2018) e4.

S. Hara, Banff 2013 update: Pearls and pitfalls in transplant renal pathology,
Nephrology (Carlton) 20 (Suppl. 2) (2015) 2-8.

M. Haas, An updated Banff schema for diagnosis of antibody-mediated rejection in
renal allografts, Curr Opin Organ Transplant 19 (2014) 315-322.

G. Kanzaki, A. Shimizu, Currently available useful immunohistochemical markers of
renal pathology for the diagnosis of renal allograft rejection, Nephrology (Carlton)
20 (Suppl. 2) (2015) 9-15.

M. Haas, The revised (2013) Banff Classification for Antibody-Mediated rejection of
Renal Allografts: Update, Difficulties, and Future Considerations, Am. J. Transplant.
16 (2016) 1352-1357.

N.S. Choudhary, S. Saigal, R.K. Bansal, N. Saraf, D. Gautam, A.S. Soin, Acute and
Chronic rejection after Liver Transplantation: what a Clinician needs to know, J Clin
Exp Hepatol 7 (2017) 358-366.

S.J. Knechtle, J. Kwun, Unique aspects of rejection and tolerance in liver trans-
plantation, Semin. Liver Dis. 29 (2009) 91-101.

P.A. Clavien, X. Muller, M.L. de Oliveira, P. Dutkowski, A. Sanchez-Fueyo, Can
immunosuppression be stopped after liver transplantation, Lancet Gastroenterol
Hepatol 2 (2017) 531-537.

S. Kumar, N. Mohapatra, D.P. Borle, A. Choudhury, S. Sarin, E. Gupta, Non invasive
diagnosis of acute cellular rejection after liver transplantation - current opinion,
Transpl. Immunol. 47 (2018) 1-9.


http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0045
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0050
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0050
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0050
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0055
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0055
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0055
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0060
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0060
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0065
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0065
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0065
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0070
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0070
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0075
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0075
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0075
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0080
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0080
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0085
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0085
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0090
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0090
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0095
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0095
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0100
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0100
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0100
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0105
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0105
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0110
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0110
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0115
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0115
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0115
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0120
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0120
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0120
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0125
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0125
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0130
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0130
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0130
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0135
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0135
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0135
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0140
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0140
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0140
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0140
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0145
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0145
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0150
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0150
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0150
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0155
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0155
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0160
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0160
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0165
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0165
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0170
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0170
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0170
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0175
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0175
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0180
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0180
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0185
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0185
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0185
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0190
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0190
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0190
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0195
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0195
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0195
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0200
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0200
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0205
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0205
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0205
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0210
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0210
http://refhub.elsevier.com/S0966-3274(18)30076-5/rf0210

	iTRAQ-based quantitative proteomic analysis reveals potential early diagnostic markers in serum of acute cellular rejection after liver transplantation
	Introduction
	Materials and methods
	Collection of serum samples
	Preparation and labeling of serum proteins
	LC-MS/MS analysis
	iTRAQ data processing
	Analysis of the iTRAQ data
	Elisa
	Statistical analysis

	Results
	iTRAQ-based profiling of the differentially expressed serum proteins from patients with ACR after LT
	Bioinformatic analysis of our differentially expressed serum proteins
	ELISA validation results and statistical analysis

	Discussion
	Conclusion
	Conflict of interest
	Acknowledgments
	Supplementary data
	References




