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Abstract

Acute antibody-mediated rejection (AMR) is a severe complication affecting kidney allografts'
long-term survival. Timely detection and appropriate treatment of AMR are crucial for
improving graft outcomes. This study aimed to discover non-invasive urinary biomarkers that
can predict the response to therapy in patients with AMR. Materials and Methods: In this
case-control study, urine samples from 21 biopsy-proven AMR patients underwent
proteomics using label-free quantification. The patients were divided into two groups:
responders and non-responders to treatment based on their graft function. Urinary proteins
were identified, and their expressions were compared between the two groups to identify
potential candidate biomarkers. Out of the 1020 identified proteins, 257 proteins were found
to be differentially expressed between the two groups. Among these, 153 proteins showed
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increased expression in non-responder patients, while 104 proteins showed decreased
expression. Non-responder patients exhibited higher activation of complement pathway and
extracellular matrix degradation than responders. Insulin-like growth factor binding protein 6
(IGFBP-6) emerged as the most sensitive and specific biomarker for predicting non-response
to treatment in patients with AMR. Our study has successfully identified urinary proteome
biomarkers that can distinguish and predict non-responder patients with AMR. These
biomarkers are associated with various biological processes that reflect the pathogenesis and
severity of AMR. Further research is necessary to validate these findings.
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1. Introduction

Kidney transplantation represents the optimal treatment for individuals with end-stage renal
disease, providing significant improvements in both quality of life and overall survival. However, this
procedure has challenges, particularly the risk of rejection by the recipient’s immune system.
Among the various forms of rejection, acute antibody-mediated rejection (AMR) emerges as a
prominent complication following transplantation, significantly impacting kidney allografts' long-
term function and viability [1].

The timely and accurate AMR diagnosis is crucial to enhance graft outcomes. Unfortunately,
current diagnostic methods have certain limitations. Increased serum creatinine and proteinuria are
commonly employed indicators of allograft dysfunction and injury. However, they manifest as late
markers of rejection [2]. Renal biopsy, regarded as the gold standard for diagnosis, is an invasive
procedure and not conducive to repeated monitoring [3]. Consequently, there is a pressing need for
sensitive and minimally invasive biomarkers that can facilitate early and precise prediction of
allograft rejection [3].

Non-invasive and reliable biomarkers hold the potential to aid clinicians in predicting and
assessing transplant outcomes. By enabling early intervention and optimization of
immunosuppression therapy, these biomarkers can serve as valuable guides in successfully treating
acute rejections, reducing morbidity and enhancing long-term allograft survival [4]. Recent studies
have focused on exploring novel methods, such as proteomics to identify non-invasive and reliable
biomarkers for accurate detection and prediction of acute rejection. Proteomics is the study of the
proteome, the complete set of proteins an organism can express. Proteomics can help us discover
disease biomarkers, which are proteins that indicate the presence, severity, progression, or
response to treatment of a disease. By comparing the proteome of healthy and sick people, we can
identify the key proteins involved in the disease process and investigate their function about the
disease pathology and treatment outcome. Utilizing omics technologies such as proteomics,
researchers have discovered new biomarkers in both circulation and urine samples [5-8]. However,
previous investigations have not agreed on a single biomarker for predicting the response to therapy
in acute rejection.
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Non-invasive and reliable biomarkers can also assist physicians in estimating the risk of transplant
rejection and predicting treatment response. Ideally, biomarker-guided approaches would allow
tailored treatments for individual patients, reducing the risks associated with immunosuppressive
drugs and offering the possibility of early preventive interventions, thereby decreasing patient
mortality rates and improving long-term survival [9]. The discovery of new, particular biomarkers
for diagnosing acute rejection is imperative, as non-invasive biomarkers permit frequent patient
monitoring and adjustment of immunosuppressive treatments based on biomarker changes [10].

Urine, as a readily accessible sample, offers a direct reflection of biological events occurring
within the allograft tissue. This characteristic renders urine specimens suitable for proteomics
studies [11]. The objective of this study was to analyze the urinary proteome of patients with AMR,
to identify potential biomarkers that can predict the response to AMR treatment. We hypothesized
that there would be differences in urinary proteins between responders and non-responders to
treatment based on their graft function. It was anticipated that novel urinary biomarkers could be
discovered, serving as non-invasive indicators of treatment response in AMR patients.

2. Patients and Methods
2.1 Patients

A case-control study involving kidney recipients with biopsy-proven AMR was conducted at
Labbafinejad hospital (Tehran, Iran). The study included patients between the ages of 16 and 65
who received the same immunosuppressive regimens (tacrolimus, mycophenolate mofetil, and
prednisone). Exclusion criteria comprised urinary tract infection and obstruction. This study adhered
to the guidelines outlined in the 2013 revision of the Declaration of Helsinki (1967) and was
approved by the Ethics Committee of the National Institute of Medical Sciences Research
Development (NIMAD), Tehran, Iran. All participants provided written informed consent.

2.2 Urine Sample Collection and Preparation

Second-morning urine samples were collected from patients prior to the kidney biopsy
procedure. Each sample was supplemented with protease inhibitor and sodium azide (100 ul/10 ml
urine) to inhibit protease and bacterial activity. The proteome component of the urine samples was
separated using Amicon Ultra-15 Centrifugal Filter Units with a 3 kDa cutoff (Millipore, Billerica, MA,
USA) following the manufacturer’s instructions. The samples were subsequently stored at -80 °C for
further analysis.

2.3 Treatment and Outcome Assessment

AMR patients received treatments, including intravenous immune globulin (IVIG),
plasmapheresis, rituximab, switching from cyclosporine to tacrolimus, and increasing
mycophenolate dosage. Follow-up of patients occurred over a two-week period, with individuals
being categorized as non-responders if they experienced graft loss, no decrease in creatinine levels
by at least 30%, or continued presence of anti-human leukocyte antigen (anti-HLA) antibodies.
Patients who demonstrated a positive response to the treatments were classified as responders.
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2.4 Urine Protein Measurement and Separation

Urine protein levels were measured using the Bicinchoninic acid protein assay kit (Thermo
Scientific, USA). To separate the proteins, 50 ug of each sample was loaded onto 10% SDS-PAGE gels
and subjected to electrophoresis. The gel lane for each piece was divided into three fractions:
fraction 1 containing low- abundant proteins, fraction 2 containing the thick albumin band, and
fraction 3 containing the remaining proteins.

2.5 Protein Digestion and Peptide Extraction

Protein digestion was carried out using trypsin (Promega, USA) overnight at 37°C in 50 mM
ammonium bicarbonate. Peptides were subsequently extracted using C18- StageTips columns (3 M
Empire, USA). The samples were eluted with 80% acetonitrile in 0.1% formic acid and then
concentrated using a vacuum concentrator (Eppendorf, Germany).

2.6 Liquid Chromatography Tandem Mass Spectrometry Analysis (LC-MS/MS)

LC-MS/MS analysis was performed using as EASY-nLC 1000 HPLC (Thermo Fisher, USA) coupled
with a Quadrupole Time-of-Flight Mass Spectrometry Impact Il (Bruker Daltonics, Germany). The
setup included a nanoelectrospray ionization source, a trap column, and an analytical column.
Peptides were resuspended in 5% acetonitrile and 0.5% formic acid and loaded onto the trap column
at a pressure of 850 bar. The analysis was conducted at a flow rate of 0.25 pl/min.

2.7 Data Analysis and Biomarker Identification

MS/MS Data were analyzed using MaxQuant software (version 1.5.3.30). The MS/MS spectra
were searched against the human UniProt database. Proteins that had at least two unique peptides
and a false discovery rate (FDR) of less than 1% were considered identified. The fold changes of each
protein were calculated and compared between the two groups to determine the direction of their
changes. The abundance of each protein in the urine samples of responders and non-responders
was quantified, and their abundance ratio was calculated.

Statistical Package for Social Sciences Version 16 (SPSS Inc., Chicago-USA) was used to calculate
performance metrics for each protein as potential biomarkers: including the area under the curve
(AUC), sensitivity and specificity. Candidate biomarkers were selected based on the AUC values with
proteins having the highest AUC values considered the most promising biomarkers for predicting
the response to treatment in AMR patients.

2.8 Pathway Analysis and Functional Evaluation

Signaling pathways and gene involvement of the candidate biomarkers were investigated using
the Database for Annotation, Visualization, and Integrated Discovery (DAVID:
http://www.david.niaid.nih.gov) and Kyoto Encyclopedia of Genes and Genomes (KEGG:
https://www. genome.jp). Only pathways and ontologies with p-values and FDR less than 0.05 were
considered.
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3. Results
3.1 Demographic and Clinical Data

A total of 21 patients with biopsy-proven AMR were included in this study. Among them, 5
patients (23.8%) did not respond to treatment (non-responders), while 16 patients (76.2%)
responded to treatment (responders) based on their graft function assessment after two weeks of
treatment. Table 1 presents the demographic and clinical characteristics of the patients. The mean
age of the patients at the time of diagnosis was 40 + 12 years, with an age range of 19 to 65 years.
The majority of patients (80%) were recipients of their first kidney transplant. Most patients in both
groups tended to have allograft biopsies within the first year post-transplantation. No significant
differences were observed between the two groups regarding estimated glomerular filtration rate
(eGFR), serum creatinine, and blood urea nitrogen. However, the non-responder group exhibited
significantly higher urinary protein levels than the responder group (p < 0.05). Lipid profiles,
hemoglobin, and hematocrit were similar between the groups.

Table 1 Demographic and clinical characteristics of AMR patients according to treatment

response.
Parameters Groups
Responder (n = 16) Non-responder (n =5)

Male (%) 62.5 20
Donor type (%)

Deceased donor 7 2

Living donor 9 3
First transplantation 12 5
Age at transplant (year) 42.2 +13.3% 29.6 + 16.6
Age at biopsy (year) 42,5+ 13.5% 32.6+13.6
Biopsy time after transplant (%)

>1 year 13 3

<1 vyear 3 2
Lab data
eGFR (mL/min/1.73 m?) 31.9+12.2 23.4+21.8
Urine protein ((mg/ml) 11.8+9.6 25.5+ 16.9*
Creatinine (mg/dl) 24+1.1 4+27
BUN (mg/dl) 61.5 128 73 +£20.5
Hb (g/dl) 10.8+ 1.5 10.4 2
HcT (%) 33+4.6 31.7+6.6
Chol (mg/dl) 163.7£53.4 148.5+47.3
TG (mg/dl) 148.5 + 47.3 148.2 + 45
LDL-C (mg/dl) 148.2 + 45 94.3 ¢ 15.7
HDL-C (mg/dl) 84.3+15 64.6 +12.7
VLDL-C (mg/dl) 54.1+12.7 39.6+9.1

*_ Significance level was set as <0.05. #. Results are expressed as mean +2SD.
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3.2 Differential Proteins

The urinary proteome of the patients was analyzed using LC-MS/MS. A total of 1020 proteins and
peptides were identified in the urine samples. To identify differential proteins between the two
groups, the main primary data excluded proteins that were not detected by mass spectrometry in
both groups by 75% or more. Consequently, 257 proteins were considered as differential proteins
between the two groups. Among these, 153 proteins exhibited increased expression, while 104
proteins displayed decreased expression in the urine samples of non-responders compared to
responders. The differential proteins were ranked based on their fold change (FC) values,
representing the ratio of peak intensities between the two groups. Figure 1 illustrates the top 20
differential proteins with the highest FC values in both directions.

A B
Cenenaiies Fold change CiiEntnios Fold change
Log 2 log2

MGAM 13 DBI 12
NAGLU 13 SEMG1 1.2
CDHI1 12 SEMG2 1.2
EGF 12 DAGI 1.2
ACPP 1.1 CFD 1.2
ARSA 1.1 FABPI 1.2
IGLLS 1.1 SERPINF1 11
GP6 1.1 APOA4 11
CPVL 1.1 LYZ 1.1
CDHR2 1.1 IGFBP6 1.1
GUSB L1 PRSS2 1.1
SOD3 1.1 GC 11
LTF 1:1 VSIG4 11
GLB1 1.1 ART3 11
ACP2 1.1 LCN2 1.1
SDCBP 1.1 TTR 1.1
EFNBI 11 SERPINF2 1.1
PCOLCE 1.1 AFM 1.1
GAA ‘ 11 ACTB 251
crq  IENEI P2 i

Figure 1 Color graphics of increased proteins in responder group (A) and non-responder
group (B). Maltase-glucoamylase and Alpha-N-acetylglucosaminidase proteins in the
responder group and Acyl-CoA-binding protein and Semenogelin-1 proteins in the non-
responders group increased.

3.3 Candidate Biomarkers

To identify candidate biomarkers for predicting AMR treatment response, the differential
proteins were further filtered based on their FC, and 10 proteins (5 up-regulated and 5 down-
regulated) were selected for further analysis. The specificity and sensitivity of these proteins were
evaluated by performing receiver operating characteristic (ROC) curve analysis and calculating the
area under the curve (AUC) values for each protein. Table 2 presents the ten selected candidate
biomarkers demonstrating promising discriminatory potential between non-responders and
responders.
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Table 2 Candidate biomarkers with highest AUCs in the differentiation of non-
responders from responders.

accession Protein fold ** direction
Gene name AUC*
number# name change change
24592 Insulilrm-like growth factor-binding \GEBPE 094 44 up
protein 6
Q9H3G5 Probable serine carboxypeptidase CPVL CPVL 0.9 3.6 down
P07108 Acyl-CoA-binding protein DBI 0.89 105 up
P06727 Apolipoprotein A-IV APOA4 0.88 6.6 up
P07148 Fatty acid-binding protein FABP1 0.82 5.7 up
Q9BYES Cadherin-related family member 2 CDHR2 0.8 3.2 down
P36955 Pigment epithelium-derived factor SERPINF1 0.8 6.9 up
Q14118 Dystroglycan DAG1 0.8 8.4 up
Q9HCN6  Platelet glycoprotein VI GP6 0.79 3.8 down
P54802 Alpha-N-acetylglucosaminidase NAGLU 0.76 9.2 down

#. Unige number of proteins in Uniprot database. *. AUC: area under curve. **. Fold changes
based on peak intensity from MS/MS.

3.4 Gene Ontology and Pathways Analysis

Gene ontology (GO) and pathway analysis were conducted on the 257 differential proteins using
the online DAVID database to gain insight into the biological processes and pathways involved in
AMR treatment response.

Gene ontology was obtained in a categorized and clustered form. Data with a Benjamini index of
less than 0.05 for each obtained cluster were accepted, while other data were excluded. The gene
ontology analysis was presented in three classifications: biological process, molecular function, and
cellular components (Figure 2). Proteolysis and complement activation emerged as the main
biological processes involving 51 and 34 differential proteins, respectively. Molecular function
analysis revealed that 39 proteins were associated with serine endopeptidase, and 23 proteins
displayed antigen-binding properties. The differential proteins were primarily distributed across
various cell membrane components (24 proteins) and cell junctions (14 proteins).
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Figure 2 Gene ontology analysis diagram for differential proteins between two groups
of study. The differential proteins were analyzed in the three classifications of biological
processes, molecular function and participation in cellular components in DAVID
bioinformatics online resource. Differential proteins with 51 proteins were mainly
involved in proteolysis. The most important molecular function of these proteins was
serine endopeptidase activity and antigen binding. Most of the proteins were
distributed in cell membranes and junctions.

Differential proteins were investigated using the DAVID bioinformatics resource, specifically
searching BIOCARTA, KEGG, and BBID databases to identify active biological pathways in the studied
groups. The analysis of differential protein pathways from the KEGG database revealed that the
complement pathway and coagulation cascade were prominent, involving 18 proteins. These
proteins included alpha-2-macroglobulin(A2M), coagulation factor Il, thrombin(F2), complement
C3(C3), complement C4B (Chido blood group) (C4B), complement C5(C5), complement C6(C6),
complement C7(C7), complement C9(C9), complement factor B(CFB), complement factor D(CFD),
complement factor H(CFH), fibrinogen beta chain(FGB), kininogen 1(KNG1), plasminogen(PLG),
serpin family A member 1(SERPINA1), serpin family C member 1(SERPINC1), serpin family F member
2 (SERPINF2), serpin family G member 1(SERPING1) . These proteins were found to be increased in
non-responders and were associated with the complement pathway and coagulation cascade (p-
value = 0.000000000017) (Figure 3).
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Figure 3 Pathway analysis of differentially expressed and increased proteins from KEGG
online database. This analysis shows that complement pathway and coagulation cascade
with 18 proteins is the main pathway that is activated in non-responders. The increased
proteins are marked with a red star. Complement activation starts from three classical,
lectin, and secondary pathways, and these three pathways activate C3 in a final joint
pathway and assemble the membrane attack complex. This complex induces apoptosis
and necrosis. Complement activation and the coagulation cascade have mutual effects

in activating each other.

The analysis of decreased protein pathways in non-responders indicated that many of these
proteins are involved in receptor-extracellular matrix interactions. These proteins include (agrin
(AGRN), collagen type VI alpha 1 chain (COL6A1), collagen type VI alpha 3 chains (COL6A3),
fibronectin 1 (FN1), platelet glycoprotein VI (GP6), heparan sulfate proteoglycan 2 (HSPG2), secreted
phosphoprotein 1 (SPP1), tenascin XB (TNXB) and vitronectin (VTN). As shown in Figure 4, these
proteins exhibited decreased activity in non-responders and were associated with receptor-
extracellular matrix interactions (p-value = 0.00004)).
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Figure 4 Pathway analysis of reduced proteins from KEGG online database. The result of
the analysis shows that the reduced proteins are involved in receptor-extracellular
matrix interactions. Nine related proteins (AGRN, COL6A1, COL6A3, FN1, GP6, HSPG2,
SPP1, TNXB, VTN) were decreased in these interactions. Downregulated proteins are
marked with a red star.

¥
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3.5 Protein Network Analysis

To investigate potential interactions and relationships among the candidate biomarkers, protein
network analysis was conducted using the online functional analysis database of the protein-protein
interaction network (STRING: https://string-db.org). The study revealed that three biomarker
proteins, Acyl-CoA-binding protein, Apolipoprotein A-IV, and Fatty acid-binding protein, were
directly or indirectly connected through nodes and edges (Figure 5). However, no protein
associations were found for the remaining submitted proteins in the database.
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Figure 5 Protein network analysis of candidate biomarkers using online functional
analysis of protein-protein interaction network (STRING) database. The analysis showed
that there are protein connections in the biomarker proteins. A network of 3 proteins
including DBI, FABP1 and APOA4 proteins were related to each other. No interaction
was found for other proteins. Proteins are displayed as nodes, and connection lines
between nodes are shown in five colors for each type of protein connection. The signs
of connection lines are as follows: black line: co-expressed genes, green line:
neighboring genes, pale blue line: protein homology, purple line: experimental evidence.
The more the number of lines between the nodes, the greater the connection between
them.

4. Discussion

The LFQ method was employed to explore the urinary proteome profile of AMR patients and
identify predictive biomarkers for treatment response. Proteomics analysis revealed 257
differentially expressed proteins between responders and non-responders, most upregulated in the
non-responder group and associated with the "complement and coagulation pathway". GO analysis
further highlighted the main biological functions of these proteins, emphasizing proteolysis and
complement activation. These findings align with the proposed pathogenesis of AMR, which
involves the interaction between complement and coagulation activation [12]. The increased
activity of these pathways in non-responder patients may contribute to resistance to treatment.

The downregulated proteins in the non-responder group were primarily involved in ECM-matrix
interactions. The color graphic representation of proteins indicates that specific ECM-related
proteins exhibited decreased levels in non-responder patients, distinguishing them from the
responder group. Changes in proteins such as cadherin-2 and dystroglycan among the candidate
biomarkers suggest altered binding and interactions between cells and ECM, indicating remodeling
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[13]. These alterations were more prevalent in the non-responder patients, potentially indicating a
higher severity of AMR within this group.

Antibody-antigen binding in the immune response has been suggested with mitochondrial
damage and the production of reactive oxygen species [14]. This process can inhibit glycolysis
enzymes such as glyceraldehyde-3 phosphate dehydrogenase, phosphofructokinase-1, and
pyruvate kinase. Consequently, the pentose phosphate pathway is activated to compensate for the
reduced glycolysis cycle and to provide more NADPH for the antioxidant system [15]. The lower
levels of glycolysis enzymes such as maltase-glucoamylase and alpha-N-acetylglucosaminidase in
the non-responder patients may reflect a metabolic shift towards the pentose phosphate pathway
and indicate increased severity of oxidative stress and activation of the antioxidant system in this
group.

Further analysis of the differential proteins led to the identification of 10 proteins with the
highest sensitivity and specificity as candidate biomarkers for discriminating and predicting non-
responder patients. Among these biomarkers, IGFBP-6 exhibited the most heightened sensitivity
and increased expression in the urine proteome of non-responder patients. IGFBP-6 is a
glycoprotein secreted from various tissues that regulate cell proliferation, differentiation, and
survival by binding to IGF or inducing apoptosis independently [16]. Increased expression of IGFBP-
6 has been observed in the kidney in certain renal diseases such as FSGS, IgA nephropathy, and lupus
nephritis [17]. IGFBP-6 levels in the serum may also increase in kidney diseases, potentially due to
upregulation of its gene and reduced renal clearance, and decrease after transplantation [18].
Glucocorticoid therapy post-transplantation may lower growth hormone levels and increase IGFBPs
in the plasma [19]. The role of IGFBP-6 in renal acute rejection is not fully understood. Still, its
elevation in the urine proteome of non-responder patients may be associated with increased
apoptosis and tubular injuries, leading to the leakage of this low-molecular-weight protein into the
urine. Given the high sensitivity and specificity of IGFBP-6 as a biomarker, it appears that this protein
can predict the response to rejection therapy in AMR and could serve as a potential therapeutic
target.

CPVL is a serine carboxypeptidase that is expressed in immune cells such as macrophages and
monocytes and plays a role in phagocytic fragments digestion and antigen presentation [20]. It is
also expressed in kidney tissue [21], and its presence in the urine of patients with acute rejection
has been reported [22]. The specific role of this protein in acute graft rejection is still unknown. Still,
it may be involved in homeostasis as its gene region is mutated in Wilms's renal tumor, which is
associated with high blood pressure and impaired homeostasis [23]. In our study, we observed
lower urinary CPVL in non-responder patients. This suggests reduced tissue expression of this
protein in this patient group, and further exploration is warranted to investigate its potential as a
biomarker for predicting the response to acute rejection therapy.

APOAA4 is a glycoprotein involved in the reverse transport of cholesterol. Previous studies have
reported elevated levels of APOA4 in the plasma and urine proteomes of patients with acute
rejection [5, 24]. Our study found higher urinary levels of APOA4 in the non-responder group
compared to the responder group. APOA4 is filtered and reabsorbed by the kidneys, and its increase
in urine reflects impaired renal tubular function in proteinuric kidney diseases. Therefore, it has
been proposed as a predictive biomarker for chronic kidney disease [25]. The high urinary levels of
APOA4 in patients with AMR may indicate more severe glomerular damage and a lack of response
to treatment in these individuals.
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FABP1 is a protein produced in the epithelium of the proximal tubules and the liver, and it plays
arole in the transport and metabolism of fatty acids. Elevated urinary levels of FABP1 are indicative
of severe tubulointerstitial damage and impaired protein reabsorption in the proximal tubules [26]
and have been identified as a biomarker for the progression of chronic kidney disease and chronic
glomerulonephritis [27, 28]. High urinary FABP1 levels also predict adverse outcomes such as
transplant rejection in transplant patients [29, 30]. FABP1 is filtered and reabsorbed in the proximal
tubules, and its increase in urine is not accompanied by a change in serum levels [27]. FABP1
expression also increases in animal models of IgA nephropathy [31]. Therefore, hadthe non-
responder patients may have reduced FABP1 expression in the kidney tissue and reduced FABP1
reabsorption in the renal tubules. Furthermore, network analysis in the STRING database showed
protein-protein interactions among three proteins: DBI, FABP1, and APOA4. DBI protein facilitates
beta-oxidation of fatty acids after they are taken up by FABP1 [32]. FABP1 also binds to lipid
oxidation products to counteract the oxidative stress caused by lipid catabolism [32]. These two
proteins may increase in response to increased tissue energy demands in acute inflammatory
conditions in allograft rejection. Non-responder patients may express more of these proteins to
meet their needs in response to inflammation and oxidative stress.

SERPINF1 (pigment epithelium-derived factor; PEDF) is a serine protease inhibitor with anti-
angiogenic, anti-fibrotic, and anti-inflammatory effects and is highly expressed in the renal tubules
and glomeruli. High serum levels of PEDF are a compensatory response to glomerular injury and a
predictor of diabetic nephropathy progression [33]. Kidney expression and urinary PEDF levels are
also elevated in these patients [34]. PEDF levels decrease in patients undergoing dialysis and
normalize after transplantation [35, 36]. In our study, we found higher urinary PEDF levels in non-
responders. This is consistent with previous reports of increased urinary PEDF levels in acute and
chronic renal rejection [37, 38]. The exact mechanism of urinary PEDF elevation in acute rejection
is unclear. Still, it may be part of the rejection process because PEDF can affect podocytes, induce
apoptosis, increase proteinuria, and worsen kidney function through actin remodeling [39]. Thus,
high urinary PEDF levels in non-responders in our study may indicate more severe disease
progression and inflammation.

GP6 is a platelet membrane glycoprotein that acts as a receptor for collagen and triggers platelet
aggregation [40]. GP6 level is elevated in the serum in microangiopathy lesions [41] and in patients
with chronic kidney disease on dialysis but not in patients with successful transplantation [42].
Platelet factors are increased in various glomerulonephritis diseases and may affect the extracellular
matrix and cause more glomerular inflammation [43]. GP6 is involved in recruiting platelets and
monocytes to the vascular wall, regulating vascular permeability and activating leukocytes. It
prevents bleeding due to inflammation, thereby preserving the integrity of the inflamed vascular
wall [43]. GP6 deficiency or blockade has been shown to reduce platelet recruitment in
glomerulonephritis models [44]. In our study, we observed lower urinary GP6 levels in non-
responder patients, which may have resulted in increased inflammation and loss of basement
membrane integrity, leading to a more acute disease condition than in responder patients.

4.1 Study Limitations

The sample collection in this study was done on an accessible basis, and the sample size was
small. Therefore, the urinary biomarkers of treatment response in our identified AMR patients might
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not be representative or generalizable. Moreover, these biomarkers are only candidates and need
to be validated with a larger sample size and in an independent cohort to make our assessment of
these biomarkers more precise.

5. Conclusions

In conclusion, we analyzed the urine proteome. We discovered highly sensitive and specific
biomarkers for predicting the response to treatment in AMR patients. IGFBP-6 was identified as the
most suitable biomarker with the highest score, and its increased urinary level might expect the
response to treatment. However, further study is required to validate this biomarker as a predictive
biomarker. Bioinformatics analysis showed that, in addition to enhanced complement activity, the
extracellular matrix might undergo more changes in the non-responder patients. Moreover,
alterations in lipid metabolism could be a compensatory response to the increased oxidative stress
and inflammation in these patients. These findings may have clinical implications for AMR diagnosis,
prognosis, and treatment.
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