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A B S T R A C T   

Introduction: End stage renal disease (ESRD) is the irreversible deterioration of renal function requiring renal 
replacement therapy by dialysis or transplant. Human leucocyte antigens (HLA) have been well examined 
however research still is required into the non-HLA antibodies. Antibody mediated rejection (AMR) can be seen 
in the absence of HLA antibodies on biopsies of patients who have received identical transplants; anti-endothelial 
cell antibodies may explain this. Investigation into endothelial cell antigens on donor and recipient endothelium 
may elucidate and stratify the degree of risk of any given transplant and may guide towards the best matched 
donor. 
Methods: Protein array analysis was carried out on 8 patient pairs using nitro-cellulose membranes and bio-
tinylated detection antibodies. The fluorescence emitted was captured by X-Ray film and results were recorded 
with ImageJ software. A fold increase of more than 2 was considered to be positive. 
Results: 11 proteins identified had a fold increase of increase ≥2 and were present in ≥2 patient pairs which may 
point to potential clinical utility. Nectin2/CD112 may be measured in order analyse graft survival time in 
transplant recipients. Prognosticating renal failure has clinical importance and potential markers that have been 
identified to aid which include MEPE, CRELD2, and TIMP-4. Novel pharmacological therapies for specific bio-
markers identified in this study include JAM-A, E-Selectin, CD147, Galectin-3, JAM-C, PAR-1, and TNFR2. 
Conclusion: Protein analysis showed differences in expression of antigens between patients with and without 
Chronic Kidney Disease (CKD). This information could be used at the matching stage of renal transplantation and 
also in the treatment of rejection episodes. The results highlight biomarkers that potentially prognosticate and 
pharmacological therapies that may ameliorate kidney disease and rejection in ESRD and transplant recipients. 

Abbreviations: ACE, Angiotensin-Converting Enzyme; ADAM8, A Proteinase with a Disintegrin and a Metalloproteinase Domain-8; ADAM9, A Proteinase with a 
Disintegrin and a Metalloproteinase Domain-9; ADPKD, Autosomal Dominant Polycystic Kidney Disease; AECA, Antibodies on Endothelial Cells; AKI, Acute Kidney 
Injury; ALCAM, Activated Leukocyte Cell Adhesion Molecule; AMR, Antibody Medicated Rejection; ARB, Angiotensin Receptor Blocker; BCAM, Basal Cell Adhesion 
Molecule; CD, Cluster of Differentiation; CD112, Nectin2; CI, Confidence Interval; CKD, Chronic Kidney Disease; CRELD2, Cysteine-Rich with EGF-like Domains 2; 
CRP, C-Reactive Protein; DBD, Deceased After Brain Death; DCD, Deceased After Circulatory Death; DNAM-1, DNAX Accessory Molecule-1; ECD, Expanded Criteria 
Donors; EDTA, Ethylenediaminetetraacetic acid; EMMPRIN, Extracellular Matrix Metalloproteinase Inducer (EMMPRIN); EMP, Endothelial Microparticles; ER, 
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1. Introduction 

End-stage renal disease (ESRD) is the irreversible deterioration of 
renal function requiring renal replacement therapy (RRT), either by 
dialysis or transplantation [1]. 

The gold standard treatment for ESRD is renal transplantation as it 
removes haemodialysis associated complications, reduces infection 
rates, improves quality of life and offers long term economic and societal 
benefit [2,3]. 

In RRT the rates of survival are similar when different modes of 
therapy are compared whether it be haemodialysis or peritoneal dialysis 
[4]. However transplants, the optimal RRT, offer a survival benefit and 
improved quality of life over dialysis despite increasing age and 
comorbidities adjusted for [5]. 

The UK has successfully paved the for international adoption of 
deceased after circulatory death (DCD) and brain death (DBD) donors, 
expanded criteria donors (ECD), into normal practice [6,7]. ECD were 
once considered to be an inferior transplant but evidence now suggests 
similar graft and patient survival when compared with ‘standard 
criteria’ deceased donor transplants [8]. These interventions to practice 
and policy increase the size of the donor pool. 

With an older demographic of patients who require a transplant, it is 
vitally important that long-term outcomes are looked at in order to 
reduce demand. “High risk” recipients, 60 and older, who receive a ECD 
transplant have lower mortality rates and improved quality of life when 
compared to those who remain on dialysis [9,10]. 

Education and raising awareness campaigns about organ donation 
has led to increased donation rates and the number of altruistic live 
donations has increased [11]. 

Prolonging the life of a transplanted organ is another means of 
alleviating the supply versus demand problem [12]. By optimally 
managing patients who already have had a transplant we reduce the 
demand for new donor organs [13]. 

Human leukocyte antigens (HLA) are proteins found on the surface of 
the majority of cells within the body and they play an important role in 
regulation of the immune system in transplantation. [14] In graft 
rejection, the immune system can recognise “non self” HLA proteins on 
the surface of cells and mount an immune response against that tissue. 
[15] 

Despite significant advances in our understanding of the immu-
nology of transplantation including the recognition of HLA antibodies 
and the damage they can cause, there are large gaps in our knowledge. A 
triad of alloimmunity, autoimmunity, and tissue injury has been posed 
as the pathogenesis for allograft dysfunction and overall reduced sur-
vival. [16] 

Enhanced protocols to prevent rejection and attenuate pathophysi-
ological processes of graft rejection, however there is room for 

improvement with discovery new molecular pathways and the better-
ment of the immunosuppression regimen [17]. 

Antibody mediated rejection (AMR) is where the host immune sys-
tem mounts an antibody response to a transplanted kidney resulting in 
specific findings on renal biopsy and it can be seen, in the absence of 
HLA antibodies, on the biopsies of patients who have received HLA 
identical transplants. [18] Antibodies on endothelial cells (AECAs) may 
explain this. [19] Little is known about these antibodies, including their 
pathogenicity. Endothelial cells can express multiple different antigens 
making it difficult to define specific antibodies. Thus, identifying 
endothelial cell antigen targets on donor and recipient endothelium may 
help to further stratify the degree of risk with any given transplant and in 
the case of live donation with multiple potential donors, it may guide 
towards the best matched donor [20]. 

This paper therefore has the following aims: 
To study serum from patients with CKD undergoing live kidney 

donation and their live kidney donors using a protein profiler array kit. 
The aim was to identify differences in proteins and soluble receptors 
potentially expressed on endothelial cells which could inform which 
antigens may be of importance and warrant further study. 

2. Materials and methods 

This study was approved by The West of Scotland Research Ethics 
Committee 4. Informed consent was obtained from patients undergoing 
live kidney donation and patients who were undergoing nephrectomy 
and donating a kidney. Blood samples were collected prior to the surgery 
and ideally before they underwent dialysis. The samples were sent for a 
full blood count, routine biochemistry including bone biochemistry, 
urea and electrolytes, C-Reactive Protein (CRP) and Parathyroid Hor-
mone (PTH). Ethylenediaminetetraacetic acid (EDTA) plasma was 
stored for FGF-23 analysis and vitamin D measurement. 

Protein profiler array kits (RnD systems. England, UK) were purchased 
to look at the soluble receptors expressed and released by non- 
haemopoetic cells. The analysis of the proteins was carried out as per 
the manufacturer’s instructions. 

Patient serum was left overnight on nitro-cellulose membranes and 
after pre-determined wash steps, incubated with a mix of biotinylated 
detection antibodies. Streptavidin-Horseradish Peroxidase was then 
added and activated with chemiluminescent detection reagents. The 
fluorescence emitted was captured by X-Ray film from 1 to 10 min. 

The X-ray films were scanned into a computer and analysed using 
ImageJ software to calculate optical density and fold change. The nitro- 
cellulose membranes were analysed through a standardized block pro-
cedure. The mean optical density of each protein was taken and placed 
in the equation below. 
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(CKD − LD)

LD
= Fold Change 

A fold change ≥2 was considered to be significant. 

2.1. Statistical analysis 

Chi-Squared Test of Independence was used to compare normally 
distributed groups. Normally distributed continuous data was analysed 
using Independent t-Tests and non-normal using a Mann-Whitney U test. 
95%CI: indicates 95% confidence intervals. P values less than 0.05 were 
considered to be statistically significant. Numbers in brackets are per-
centages unless stated otherwise. 

3. Results & discussion 

Table 1 highlights serum from patients with CKD, undergoing live 
kidney donation (n = 8) and their live donors (n = 8). This shows the 
mean age of the donors and recipient was similar (50 ± 7.7 vs 49.7 ±
14.1 years;p = 0.96). 50% of both the live donors and recipients were 
male. 5 (62.5%) of the recipients were on RRT at the time of the 
transplant. 

The renal function of the patients with CKD was significantly worse 
than that of the live donors (Creatinine: 664.9 ± 304.5 vs 67.4 ± 7.6 
μmol/L; 95%CI: 343.0–852.1; p = 0.001). Potassium and bicarbonate 
levels were significantly different for CKD patients when compared 
against live donors. (Potassium: 4.44 ± 0.31 vs 4.13 ± 0.2 mmol/L 95% 
CI: 0.04–0.58; p = 0.03) (Bicarbonate 23.1 ± 3.2 vs 19.7 ± 3.7 mmol/L; 

95%CI:(− 7.8)–(− 0.2);p = 0.04). FGF-23 levels were significantly higher 
in patients with CKD (1640.3 ± 182.6 vs 46 ± 6.8rU/ml; 95%CI: 
1304.0–1884.6; p ≤0.001). White cell count (WCC) was significantly 
increased for CKD patients (WCC 10.1 ± 4.8 vs 5.4 ± 1.0 × 109/L; 95% 
CI: 0.62–8.7; p = 0.029). 

From the 8 patient pairs, 6 showed a fold increase ≥2 in at least 1 
analyte that can be seen in Table 2. Pair 1 had twenty analytes that had a 
≥ 2 fold increase conversely pair 2 and 8 had none. 

Table 3 shows eleven analytes that had a ≥ 2 fold increase and were 
present in 6 of the 8 pairs. CD112 was(mode = 8.1 mean = 5.04) present 
5 out of 6 pairs. 3 analytes were present in 3 patient pairs, MEPE(mode 
= 8.79 mean = 4.29) which had the highest mode, JAM-A(mode = 6.15 
mean = 4.22) and CRELD2(mode = 3.28 mean = 3.16). 

The CKD and live donor patients were of a similar age and gender. 
Recipients, those with CKD, had clinically and statistically significantly 
higher levels of creatinine, urea and FGF23 compared to the live donors. 

Recipients also had significantly higher levels of hypertension, hy-
percholesterolemia and hyperkalemia when compared to those living 
donor patients. 

Eleven proteins had a fold increase ≥2 and were present in ≥2 pa-
tient pairs. 

The most significant result was Nectin2 (CD112) that was found in 5 
patient pairs with a mode fold change of 8.1 and mean of 5.04. CD112 is 
associated with endothelial cells and works with Nectin3 that is found 

Table 1 
Demographics of the patients who underwent protein analysis of the blood.   

Living Donor 
n = 8 

Recipient (CKD) 
n = 8 

P value 

Sex, male 4 (50) 4 (50)  
Age (SD) 50.0 (7.7) 49.7 (14.1) 0.96 
Renal Replacement Therapy 0 5 (62.5)  
Primary Renal Diagnosis 0 8   

Glomerulonephritis 0 1 (12.5)   
Amyloid 0 1 (12.5)   
ADPKD 0 1 (12.5)   
Reflux and chronic 

pyelonephritis 
0 3 (37.5)   

Unknown 0 2 (25)  
Hypertension 1 (12.5) 8 (100)  
Hypercholesterolaemia 0 3 (37.5)  
Medication 0 8 (100)   

Aspirin 0 1 (12.5)   
Clopidogrel 0 0   
ACE Inhibitors or ARBs 0 4 (50)   
Beta Blocker 0 3 (37.5)   
Diuretic 0 4 (50)   
Statin 0 1 (12.5)   

Unknown 1 (12.5) 0  
Electrolytes     

Sodium 139.4 (1.8) 137.9 (2.6) 0.19  
Potassium 4.13 (0.2) 4.44 (0.31) 0.03*  
Chloride  106 (3.1) 101.9 (5.8) 0.1 

Bicarbonate (SD) 19.7 (3.7) 23.1 (3.2) 0.04* 
Urea (IQR) 4.4 (4.1–4.7) 21 (10− 32) 0.001* 
Creatinine (SD) 67.4 (7.6) 664.9 (304.5) 0.001* 
Adjust calcium (SD) 2.4 (0.05) 2.5 (0.2) 0.09 
Phosphate (SD) 1.1 (0.2) 1.4 (0.5) 0.13 
FGF-23 (IQR) 49.1 

(39.1–51.3) 
1640.3 
(1456–1337) 

0.016* 

Glucose (SD) 5.3 (0.7) 5.8 (1.9) 0.53 
Platelets (SD) 208 (48.0) 192.8 (81.5) 0.64 
Albumin (SD) 39 (5.2) 36.8 (7) 0.49 
WCC (SD) 5.4 (1.0) 10.1 (4.8) 0.021* 
CRP (IQR) 1.2 (0.5–3.5) 1.5 (0.9–3.9) 0.85 

RRT included haemodialysis and peritoneal dialysis. No patients had a history of 
cardiovascular disease, were not diagnosed with diabetes and did not smoke. 
Urea, FGF-23 and CRP are median and interquartile range (IQR). 

Table 2 
Analytes that had a fold change of two or more.  

Patient Pairs with ≥2 Fold increase 

Identifier Analyte Increase 

Pair 1 
CKD21/LD22 

CD31/PECAM-1 6.52 
EMMPRIN/CD147 6.36 
JAM-A 6.15 
TNFR2/TNFRSF1B 5.54 
Osteopontin 5.27 
ALCAM/CD166 5.17 
ADAM8 4.59 
Nectin-2/CD112 4.33 
BCAM 3.93 
ICAM-2/CD102 3.4 
E-Selectin/CD62e 3.4 
CRELD2 3.28 
Galectin-3 3.17 
Integrin β4/CD104 2.35 
CD44H 2.18 
PAR1 2.18 
ADAM9 2.17 
CD9 2.14 
APP (pan) 2.1 
MEPE 2.01 

Pair 3 
CKD20/LD21 

MEPE 8.79 
E-Selectin/CD62e 3.89 
Nectin-2/CD112 3.55 
Cathepsin D 2.31 
TNFR2/TNFRSF1B 2.28 
JAM-A 2.09 
JAM-C 2.06 

Pair 4 
CKD04/LD04 

CRELD2 3.08 
Nectin-2/CD112 2.43 
Jagged 1 2.33 
TIMP-4 2.24 

Pair 5 
CKD10/LD13 

Nectin-2/CD112 6.78 
JAM-A 4.42 
JAM-B/VE-JAM 4.14 
JAM-C 3.47 
CRELD2 3.12 
TIMP-4 3.01 
MEPE 2.06 

Pair 6 
CKD11/LD14 

Nectin-2/CD112 8.1 
EMMPRIN/CD147 2.66 
PAR1 2.07 

Pair 7 
CKD14/LD17 

Galectin-3 2.31  
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on the surface of T-lymphocytes to aid white cell extravasation into 
endothelial cells [ 21]. More specifically, DNAX Accessory Molecule-1 
(DNAM-1), present on natural killer and CD8+ cells, has been shown 
to play an important role in the graft vs host disease and provokes a 
cytotoxic cell mediated response to those cells expressing CD112, 
inducing rejection [21–23]. Those with DNAM-1 also have an increased 
susceptibility to auto-immune conditions such as type 1 diabetes [24]. 

This pathway aids co-stimulation of the T-Cell-antigen presenting 
cell interaction therefore, hindering the binding of CD112 could hypo-
thetically reduce DNAM-1 binding and reduce the graft vs host response 
aiding survival time of the graft such as that seen in mice [25,26]. 
Further research is needed into role of pathophysiology of CD112 to gain 
understanding of its pathway. 

MEPE (matrix-extracellular-phosphoglycoprotein) was found in 3 
patient pairs with a mode fold change of 8.79 and mean of 4.29. MEPE is 
a known phosphatonin and is implicated in bone-renal pathophysiology 
causing hypophostaemic bone diseases [27,28]. As well as acting on the 
bone, preventing mineralization, it also works at the renal proximal 
tubules where FGF-23, another known phosphatonin, works decreasing 
reabsorption of phosphate [29,30]. The levels of FGF-23 in the patients 
were significantly higher (p = 0.016) than those in the donor group as 
were the concentrations of MEPE. Therefore, MEPE may contribute to 
the phosphate homeostasis in the hyperphostaemic CKD patient by 
trying to produce a hypophosphataemic response alongside FGF-23 
[31]. FGF-23 has been highlighted to an independent risk factor of 
CKD-related cardiomyopathy in both adult and paediatric populations, 
and in this population hypertension was prevalent in all recipients [32]. 

Hyperphosphatemia has been shown in the literature to have im-
plications for vascular calcification and endothelial dysfunction, inde-
pendent of FGF-23, suggesting a two-prong assault in chronic kidney 
disease [31,33]. However, it is to be noted that there was no significant 
difference between the living donor and recipients – though this may be 
due to action of MEPE producing a hypophosphatemic response. 

Junctional adhesion molecule-A (JAM-A) is a cell adhesion molecule 
expressed on epithelial, endothelial cells, haemopoetic stem cells (HSC) 
(CD34+), leucocytes, platelets and erythrocytes [34]. JAM-A was found 
in 3 pairs with a mode fold change of 6.14 and mean of 4.22 It is 
important in tight junction assembly, leucocyte transmigration, platelet 
activation, angiogenesis and virus binding [35]. HSCs contribute to the 
regeneration of renal tubules after renal ischaemic-reperfusion injuries 
and have been shown to ameliorate acute renal failure [36]. In rat 
models, JAM-A has been shown to be a potential mechanism for arterial 
hypertension, with it preceding hypertension and therefore being 
labelled as a possible prognostic pathogenic marker for hypertension 
[37]. These results suggests a link between hypertension and JAM-A 
however given that only 3 out of a possible 8 pairs were involved, the 
mechanism of hypertension is likely multi-factorial rather than singular 
in aetiology. Further investigations are needed to understand whether 

the body up-regulates HSCs in response to deterioration in renal func-
tion providing not only a marker of ischaemic damage but also a possible 
novel treatment through HSCs. 

Cysteine-rich with EGF-like domains 2 (CRELD2) is an endoplasmic 
reticulum (ER) stress biomarker in kidney disease, excreted in the urine, 
it’s presence has a potential utility in early diagnosis, stratification and 
progression of disease, with potential novel ER-targeted therapies 
[38,39]. CRELD2 was found in 3 pairs with a mode fold change of 3.28 
and mean of 3.16. This finding adds to the literature that CRELD2 is 
released in kidney disease and could be a potential target for future 
medications and for disease stratification. 

Endothelial microparticles (EMPs) are released upon endothelial cell 
activation or apoptosis, and therefore express activation molecules on 
their surface, such as E-selectin (CD62E), which are associated with 
reduced renal function [40,41]. E-selectin mediates slow rolling, and 
promotes local signaling in arresting leukocytes and transmigrating 
these into renal interstitium in patients with diabetic nephropathy, 
causing potential harm to the kidney [42]. With medications targeting 
vascular inflammation in cardiac mice models, this may translate to 
benefit in renal inflammation and ameliorate atherosclerosis with po-
tential novel drug therapies [43,44]. E-Selectin was seen in 2 pairs with 
a mode fold change of 3.89 and mean of 3.65. 

CD147, extracellular matrix metalloproteinase (MMP) inducer 
(EMMPRIN), has many pathophysiological roles in the kidney disease 
from AKI causing ischemia, inflammation and a loss of self-tolerance to 
the progression of CKD caused by an imbalance in extracellular matrix 
protein turnover. [45] CD147 works synergistically with E-Selectin 
acting as a physiological ligand in adhesion to vascular endothelial cells 
to promote inflammatory stimulation through leukocyte infiltration. 
[46] CD147 can be used as a biomarker to stratify AKI however it’s 
accumulation increases extracellular matrix proteins in renal tissues 
which can cause fibrosis [45]. Given the multitude of pathways that 
CD147 is involved in renal dysfunction, it may be a therapeutic target for 
both the acute and chronic inflammatory states [47]. CD147 was seen in 
2 patient pairs with a mode fold change of 6.36 and mean of 4.51, in one 
of the pairs it was present with E-Selectin. 

Galectin-3 expression is linked to CKD and the promotion of renal 
fibrosis in patients with the suspected mechanism of action being driven 
by macrophage recruitment and proinflammatory cytokines. [48] 
Galectin-3 may be an important mediator in diabetic nephropathy 
contributing to advanced glycation end products and progression of the 
disease process. [49] Previously it has been shown in pre-transplant 
patients galectin-3 levels are elevated and drop significantly 3 months 
post transplant [50]. In this study, galectin-3 was found in 2 patient 
pairs with a mode fold change of 3.17 and mean of 2.74. Given that 
galectin-3 influences myofibroblast and inflammation it could be 
considered a biotarget for pharmacological intervention [51]. 

Junctional adhesion molecule C (JAM-C) promotes transendothelial 
cell neutrophil migration however has also been implicated in reverse 
transendothelial cell migration causing systematic inflammation [52]. 
Subsequently it has been shown that inhibiting JAM-C in cisplatin- 
induced AKI promotes faster resolution of the AKI secondary to 
decreased renal neutrophil infiltration. It has been shown that the use of 
Piperidine Nitroxide 4-MethoxyTEMPO may be a potential approach in 
minimizing inflammatory cell recruitment through JAM-C blockade 
[53]. JAM-C was found in 2 patient pairs with a mode fold change of 
3.47 and mean of 2.77. 

Protease-activated receptor-1 (PAR-1) is 1 of 4 identified trans-
membrane G-protein coupled receptors, of which are mainly expressed 
in the vascular and tubular cells of the kidney [54]. PAR-1 is implicated 
in renal disease as a profibrotic molecule with activation sensitising the 
endothelial cells to thrombin mediating inflammation and immune re-
sponses. [55] New medications such as Vorapaxar, an anti-fibrotic 
clinically approved PAR-1 antagonist, and has been shown to amelio-
rate kidney injury and tubulointerstitial fibrosis. PAR-1 was found in 2 
patient pairs with a mode fold change of 2.18 and mean of 2.12. 

Table 3 
Proteins that have a fold difference greater than two. Frequency refers to the 
number of times the protein appeared across the 6 pairs.  

Analytes with a ≥ 2 Fold Increase and Present in ≥2 Patient Pairs 

Analyte Frequency Fold Change 

Mode Mean 

Nectin-2/CD112 5 8.1 5.04 
MEPE 3 8.79 4.29 
JAM-A 3 6.15 4.22 

CRELD2 3 3.28 3.16 
E-Selectin/CD62e 2 3.89 3.65 
EMMPRIN/CD147 2 6.36 4.51 

Galectin-3 2 3.17 2.74 
JAM-C 2 3.47 2.77 
PAR1 2 2.18 2.12 

TIMP-4 2 3.01 2.62 
TNFR2/TNFRSF1B 2 5.54 3.91  
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Tissue Inhibitors of Metalloproteinase (TIMP) 1, 2, 3 and 4 have been 
identified in the normal kidney however TIMP-4 expression is conten-
tious, with one source stating it is only present when pathology is pre-
sent. [56–58] TIMP’s have a complex relationship with Matrix 
Metalloproteinases (MMPs) during morphogenesis, wound healing, tis-
sue repair and remodeling in response to injury. [57] However unreg-
ulated TIMP’s work concurrently with MMPs in cancers, rheumatoid 
arthritis, heart, lung and kidney disease [57,59]. TIMP-4 may be an 
active inflammatory mediator in atherosclerosis, inflammation induced 
apoptosis and extracellular matrix deposition inhibiting collagenolytic 
activity causing glomerulosclerosis and kidney injury as described in 
hypertensive rat models. [60,61] However, contradictorily, loss of 
TIMP-4 has recently been shown to promote atherosclerotic plaque 
deposition in mice models. [62] TIMP-4 was found in 2 patient pairs 
with a mode fold change of 3.01 and mean of 2.62. The results of this 
study add to the literature that patients with CKD have increased levels 
of TIMP-4 and may provide a novel biomarker for prognosticating the 
severity of CKD. Further research into patients with CKD as a result of 
diabetic nephropathy versus hypertensive nephropathy may highlight 
TIMP-4’s pathological role. 

Tumour Necrosis Factor (TNF) exerts it’s biological responses via 
Tumour Necrosis Factor Receptor Superfamily, Member 1B (TNFR2/ 
TNFRSF1B), which is one of two cell surface receptors causing down-
stream apoptosis and necrosis within the kidney – and elsewhere in the 
body [63]. It is implicated in renal disease and may modulate the kidney 
rejection process; with identification and inhibition through biologics 
potentially reducing morbidity and improving outcomes. [64] Circu-
lating TNFR2, but not TNF, has also been shown to independently pre-
dict mortality in patients with ESRD who are undergoing haemodialysis 
[65]. TNFR2 was found in 2 patient pairs with a mode fold change of 
5.54 and mean of 3.91. Whilst this study did not necessarily look into the 
outcome of the grafts in order to look into the longitudinal morbidity 
and mortality post-transplant; these results may suggest a research op-
portunity to look into circulating TNFR2 and graft failure, and potential 
drug targeted therapies to ameliorate these effects. 

3.1. Limitations and difficulties 

The protein array was carried out by a single researcher and serum 
from each live donor and CKD pair was examined on the same array kit. 
The control wells showed that the results are consistent. Intra-observer 
reliability and investigator bias were lowered by an automated approach 
to the analysis of proteins. By using automated software this dampened 
investigator bias in order to improve internal validity of the study. 

3.2. Recommendations for further research 

Protein array analysis of donor and recipient serum suggests novel 
proteins and pathways adding to the literature the pathophysiology of 
endothelial dysfunction in patients with CKD. Identifying significant 
differences in endothelial cells could be of importance at the matching 
stage of renal transplantation. Ultimately it may be feasible to perform 
flow cross match between donor and recipient cells to determine 
endothelial reactivity, thereby informing the management of immuno-
suppressive regimens, preventing rejection, and leading to longer graft 
survival. 

4. Conclusion 

These results provide evidence for biomarkers and potential oppor-
tunities to reduce morbidity in patients undergoing renal transplant. 
Ultimately it may be feasible to analyse biomarkers in the blood or 
perform flow cross match between donor and recipient cells to deter-
mine endothelial reactivity, thereby informing the management of 
immunosuppressive regimens, preventing rejection, leading to longer 
graft survival. 

Protein analysis showed differences in expression of antigens be-
tween patients with and without CKD. This information could be used at 
the matching stage of renal transplantation and also in the treatment of 
rejection episodes. The results highlight biomarkers that potentially 
prognosticate and pharmacological therapies that may ameliorate kid-
ney disease and rejection in ESRD and transplant recipients. 
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