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Summary: 

Allograft rejection remains a major hurdle in successful transplantation 

despite improved immunosuppressive drugs and clinical care. The molecular 

changes in the renal allograft that lead to graft rejection need to be 

investigated. In the present work, polymorphisms in chemokine receptors and 

urinary chemokine levels were investigated for association with rejection. This 

study includes; (a) gene polymorphisms of chemokine receptors of CCR2 and 

CCR5 (CCR2V64I and CCR5-59029G>A and CCR5Δ32), (b) urinary levels 

of interferon induced protein-10 (IP-10), (c) urinary levels of monokine 

induced by interferon-gamma (MIG) and (d) urinary levels of monocyte 

chemotactic protein-1 (MCP-1). This is the first study on chemokine receptor 

polymorphisms and the urinary chemokine levels (IP-10, MIG and MCP-1) in 

cohorts of Pakistani renal transplant patients. The project was approved by the 

Institutional Ethical Review Committee and informed consent was taken from 

all the participants.                          

 Briefly, the gene polymorphisms CCR2V64I, CCR5-59029G>A and 

CCR5Δ32 were investigated in 606 renal transplant patients and their donors 

by amplified fragments length polymorphisms (RFLP). The results showed 

that the G/G genotype of CCR2V64I was associated with a high frequency of 

allograft rejection (P=0.009). The Kaplan-Meier curve also indicated a 

significant reduction in the overall time to rejection-free allograft survival for 

patients with the G/G genotype of CCR2V64I as compared to the A/A or G/A 

genotype (59.2±1.4 vs. 68±2.6 weeks, P=0.008) showing that individuals with 

the A allele, either in the homozygous or heterozygous state, have a greater 

chance to accept the graft. 
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Human IP-10 is classified as the CXC chemokine sub-family.  A total 

of 206 urine samples of (a) rejection (n=96), (b) non-rejection (n=22) and (c) 

controls (n=88) were quantified for IP-10 by enzyme-linked immunosorbent 

assay (ELISA) for association with rejection. The results showed statistically 

significant differences in the urinary IP-10 levels between the rejection vs. 

non-rejection groups (P=0.004). The Receiver operating characteristic curve 

(ROC) of IP-10 showed area under the curve (AUC) of 0.70±0.06 with 72% 

sensitivity and 64% specificity, at a cut-off value of 27pg/ml. 

 Human MIG also belongs to the CXC chemokine sub-family. A total 

of 266 urine samples from (a) rejection (n=108), (b) non-rejection (n=70), (c) 

stable grafts (n=42) and (d) control groups (n=46) were quantified for MIG 

and analyzed for association with rejection. The results indicated that although 

urinary MIG levels were higher in patients with rejection the association was 

not statistically significant (P>0.05). The ROC curve also showed AUC of 

0.54±0.04 with low sensitivity (46%) and specificity (55%) at cut-off value of 

6pg/ml.          

 Human MCP-1 belongs to the CC chemokine sub-family. A total of 

409 urine samples of (a) rejection (n=165), (b) non-rejection (n=93), (c) stable 

grafts (n=42) and (d) controls (n=109) were quantified for urinary level of 

MCP-1 by ELISA. The results showed that MCP-1 levels were different 

between the rejection and other groups (P<0.05). The ROC curve illustrated 

the area under curve of 0.83±0.04 with a sensitivity and specificity of 84% and 

74% respectively, at a cut-off value of 214pg/ml.  

In conclusion, this work shows the usefulness of chemokine receptor 

CCR2V64I polymorphism as a marker for the increased possibility of an 
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immune response against an allograft. Urinary levels of MCP-1, the ligand of 

CCR2, and IP-10 were increased and show good correlation with rejection. 

While urinary MIG did not show any association with rejection. These 

findings may help in developing new therapeutic strategies in renal 

transplantation based on patient genetic makeup. Additionally, non-invasive 

screening tests based on urinary levels of IP-10 and MCP-1 would help in the 

assessment of the immune status of the graft. 
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1.1. Renal Diseases: 

The global burden of renal diseases and urinary tract abnormalities is 

approximately 8.3 x 105 and 1.8 x 107 per annum respectively (Dirks et al., 

2006). Renal diseases are ranked 12th among the causes of mortality in both 

males and females (Dirks et al., 2006). They are characterized by reduced 

glomerular filtration rate (GFR: less than 60 ml/min./1.73m2) with or without 

proteinuria, abnormality in the urine sediments, abnormality in urine and 

blood chemistry measurements (creatinine, urea, electrolytes, proteins etc.) 

and abnormal findings in imaging and renal histology (Levey et al., 2003). 

 The kidneys are under constant threat by environmental factors (drugs, 

toxins, microbes), genetic factors (polycystic kidneys, alports syndrome), 

congenital factors (reduced number of nephrons), dietary habits (low water in-

take, high salt) and lifestyle (smoking, alcoholism) (Lei et al., 1998; Orth et 

al., 1998; Iseki, 2005; Song et al., 2009). These factors may culminate in 

damage to kidney structure and function.    

Renal diseases are also characterized as either acute (sudden onset) or 

chronic. Chronic kidney disease (CKD) is further classified into 5 stages 

depending on GFR and other associated clinical features. Ultimately, these 

conditions lead to a complete shutdown of renal function and are termed “end 

stage renal disease” (ESRD). 

 

1.2. Renal Transplantation:   

          Renal transplantation (RT) is a therapeutic option for ESRD patients, 

envisioned nearly half a century ago. In its initial stages, it was considered a 

risky therapy. However, the subsequent surgical and technological 
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advancements, based on increased knowledge underlying graft biology, turned 

RT into a viable option. The first successful renal transplantation was 

performed in Boston, USA, in 1954, when a kidney was transplanted between 

identical twins (Murray et al., 2011). This opened a new era for RT in the 

treatment of ESRD patients. 

The success of RT has improved significantly with the identification of 

immunological factors, which are major contributors in graft tolerance and 

rejection. These immunological factors include human leukocyte antigens 

(HLAs), ABO blood compatibility, immune cells (antigen presenting cells, T 

and B cells), immune regulatory molecules (cytokines, chemokines) etc. 

Additionally, discoveries of therapeutic agents/drugs against identified 

immunological factors such as immunosuppressive drugs (Cyclosporine-A, 

Tacrolimus, Azathioprine, Prednisolone), anti-interleukin-2 (IL-2; responsible 

for activation/proliferation of T-cells and B-cells) and antithymocyte globulin 

(ATG) to prevent graft rejection have revolutionized transplantation (Chinen 

and Buckley, 2010). As a result of these discoveries, the patient survival rate 

has increased by 90% and graft-survival by 80% (Clayton et al., 2010).  

Long-term renal allograft-survival with preserved renal function is the 

ultimate goal of transplantation. The main hurdles that impede long-term 

graft-survival include genetic differences between the donor and recipient and 

factors other than donor-recipient mismatch (drug toxicity, malignancies, 

infections etc). 

Genetic mismatches between donors and recipients particularly at 

immune regulatory genes such as human leukocyte antigens (HLA-I and –II 

loci) are key immune factors in graft rejection. The genetic differences 
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between donor and recipient may be the result of polymorphisms, mutations or 

epigenetic variation that lead to activation of the immune system. 

Furthermore, genetic variations in the immunosuppressive drug-metabolizing 

genes of the recipient produce different pharmacological responses. Hence, 

genetic variations at both immune regulatory genes and drug metabolizing 

genes, significantly contribute in immune regulation.  

Factors such as drug toxicity, infections (BKV, CMV), recurrence of 

primary renal disease [(focal segmental glomerulosclerosis 

(FSGS), immunoglobulin-A (IgA) nephropathy; membrano-proliferative 

glomerulonephritis (MPGN) type-I and -II etc.)], and post-transplant 

malignancies, all affect renal dysfunction and activate immune response. Thus, 

these factors have a major role in transplant outcome (rejection/graft loss). 

 Renal transplant patients need continuous monitoring of their graft 

function as it is at risk of numerous adverse conditions associated with 

immunological and non-immunological factors. Life-long monitoring of graft 

functioning is necessary for successful transplantation. However, the initial 

post–transplant duration (3 months) is the most important phase in transplant 

outcome (Magee and Pascual, 2004). During this phase, the risk of rejection, 

drug toxicity, infections and surgical complications is quite high. Therefore, 

optimum immunosuppressive drug levels are essential to suppress the immune 

system against the allograft while preventing infections and drug toxicity.  

Currently, graft function is monitored by biochemical tests (creatinine, 

urea, protein), imaging techniques and histopathological features associated 

with the clinical presentation. However, any deranged levels of creatinine, 

urea and/or presence of urinary protein (albumin) are considered as indicators 
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(markers) of renal allograft dysfunction, especially creatinine. Creatinine is a 

good renal-function marker but it has the disadvantage of being a late indicator 

of renal injury, as allograft injury/damage may already have been initiated. 

Another method for assessment of graft dysfunction is graft biopsy, a gold 

standard technique. It is performed to determine the causes of unexplained 

renal allograft dysfunction. The current therapeutic strategies depend on the 

results of renal graft pathology. However, graft biopsy is an invasive 

technique that restricts its usage in graft assessment.  

 To monitor the renal allograft functioning and immune status, there is a 

need of marker(s) for an early and accurate diagnosis of rejection using non-

invasive methods. Currently urine and blood samples are being investigated 

for the identification of markers for rejection and tolerance (Kurian et al., 

2009; Alachkar, 2012). 

 Advanced molecular technology (microarray) has identified various 

markers for different histopathological conditions such as acute cellular 

rejection, interstitial fibrosis and tubular atrophy and tolerance. It has also 

helped in the identification of genes involved in complement the system and 

fibrosis; cell signaling, stress and up-regulation of the immune system 

(Famulski et al., 2006; Scherer et al., 2009; Nakorchevsky et al., 2010). The 

strategies of integrating histopathological findings with molecular data (omics; 

genomic/epigenomics, transcriptomics, proteomics and metabolomics) have 

improved prediction of rejection outcome (Reeve et al., 2009; Sis et al., 2010; 

de Freitas et al., 2012). In addition, new quantitative methods based on 

microarray for assessment of rejection in renal transplantation have also 

showed significant correlation (Mueller et al., 2007; Halloran et al., 2010).                                                                                
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 Despite these advancements, findings are still inconclusive about the 

immunological quiescence that may support transplantation tolerance or 

rejection. The prediction of long-term outcomes in RT is hindered as no robust 

marker(s) is/are available to diagnose or predict rejection and to monitor the 

inflammatory status of recipients against transplanted organ (Naesens and 

Sarwal, 2010). The search for immunological and non-immunological players, 

their genes and functional polymorphisms that result in variations in protein 

expressions and regulation of molecular pathways are currently being 

investigated to be used as rejection markers as well as for therapeutic 

purposes.  

The future perspect for RT is to provide better health with optimum 

graft survival. The goals of personalized medicine in RT include the longevity 

of the graft with minimal to no requirement of immunosuppressive drugs and 

the detection of  early graft injury using noninvasive methods so as to render 

the invasive techniques such as renal biopsies obsolete. Thus, the 

identification of non-invasive biomarker(s), their role in prognosis of graft 

functioning and graft outcome is a major research area in the molecular 

biology of kidney transplantation. 

 

 

1.3. Chemokines and Chemokines Receptors: 

In RT, chemokines and chemokine receptors play a central role in host 

immune regulation against the allograft. Chemokines activate pro-

inflammatory cells and facilitate cell migration as well as differentiation and 

activation of cytotoxic cells particularly in renal injury and rejection 

mechanism. An increased level of chemokines at an early phase of 



 

7 
 

injury/rejection and their quantification by using non-invasive sampling (blood 

and urine) makes them ideal candidates to be used as biomarker for graft 

function as well as monitoring immune response. Currently, chemokines and 

chemokine receptors are being investigated as potential diagnostic, prognostic 

and therapeutic markers in renal disease and RT (Krensky and Clayberger, 

2011; Sayyed et al., 2011; Urushihara et al., 2011).     

The human chemokine family consists of 50 chemoattractant cytokines 

and at least 18 chemokine receptors. Chemokines are small signaling protein 

molecules (60-100 amino acids) having molecular weights of 7-12 kilodalton 

(kDa). These chemotactic proteins are produced constitutively in the non-

inflammatory state or may be induced in response to inflammatory signals. 

The main functions of chemokines are to maintain tissue homeostasis, cellular 

circulation and regulate immune system. They exert their biological activity 

by interacting with specific chemokine receptors; G-protein coupled receptors 

(GPCRs) on immune cells (Vassilatis et al., 2003). 

The human genome project has identified, two major chemokine gene 

clusters on chromosomal regions 4q13 and 17q12. Similarly, chemokine 

receptor genes have also been identified as clusters on chromosome 3. 

 

1.3.1. Chemokines Structure: 

All chemokines are structurally similar. This structural homology is 

mainly due to similar amino acid sequence among the chemokine families. 

The chemokine structure consists of an amino terminus, 3 beta-pleated sheets 

(β1-3), mucin stalk and an α-helix carboxyl terminus (Figure 1.1). 

Chemokines possess 2 main regions essential for proper structural folding, 
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interaction and activation of receptors. These include (a) a loop with the 

peptide back bone stretching between 2 and 3 cysteine residues (b) amino 

terminus (Baggiolini, 1998). 

The structural conformation of chemokines is dependent on disulfide 

bonds connecting conserved cysteine amino acids. These disulfide bonds are 

formed between the first and third and the second and fourth conserved 

cysteine residues. Chemokines are classified into four sub-families based on 

the presence of these conserved cysteine amino acids at the amino terminal of 

the primary protein structure. These chemokine families are named as CC, 

CXC, CX3C and XC (Figure 1.2). 

The CC chemokine family contains two conserved cysteine amino 

acids adjacent to each other. However, CXC and CX3C chemokines family 

contains a single and three amino acids respectively between two cysteine 

amino acids. The XC chemokine contains a single cysteine amino acid at the 

amino terminal. 

 

1.3.2. Chemokines Function: 

 Functionally, chemokines are classified as homeostatic and 

inflammatory. Homeostatic chemokines are involved in tissue homeostasis 

and cellular recirculation under non-inflammatory conditions. So far, they are 

limited in number. Most of the chemokines identified are inflammatory and 

participate in immune regulation. Interestingly, the biological activity of both 

types of chemokines is regulated by specific GPCRs. 
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Figure 1.1: The genomic and structural organization of chemokine sub-

families. (Adapted from: Rollins, 1997) 

 

 

 

Figure 1.2: Structure of chemokines sub-families: CC, CXC, CX3C and XC. 

 (Adapted from: Townson and Liptak, 2003). 
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The chemokine families are encoded by various chromosomal regions. 

The majority of chemokine ligands (L), encoded by specific chromosomal 

loci, are mentioned in Table 1.1. These chemokines ligands interact with 

corresponding signaling chemokine receptors present on specific immune 

cells. For example, the CCL chemokine ligands, encoded by 17q11.2 mainly 

act on monocytes; CXCL chemokine ligands located on 4q12-q13 act on 

neutrophils, CX3CL chemokine ligands  coded  by 16q13 act  on  monocytes 

and T-cells and the CL chemokine with T-cells (Locati et al., 2005). 

 
Table 1.1: Chemokine family, chromosomal region and the target 

immune cells 

 

Chemokine family 
 

Chromosomal region 

 

Targeted immune cells 

CCL 17q11.2 Monocytes, Macrophages, 
T-cells, Basophiles 

CXCL 4q12-q13 
4q21.21 

Neutrophils, B-cells, NK 
cells, T-cells 

CL 1q23 T-cells, NK cells 

CX3CL 16q13 Monocytes, T-cells, NK 
cells 

 

 

1.3.3. Chemokine Receptors: 

 All chemokine receptors are seven transmembrane proteins, associated 

with G-protein signaling molecules. They are found on many immune cells 

such as leukocytes, monocytes/macrophages and T-cells. All chemokine 

ligands bind specifically with GPCRs. So far, 18 chemokine receptors based 
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on G-protein dependent chemotactic activity have been identified (Zlotnik and 

Yoshie, 2012).  

Based on chemokine ligands’ interaction with receptors, chemokine 

receptors are named as CCR, CXCR, CX3CR and XCR. The CCR (CCR1 to 

10) and CXCR (CXCR1 to 6) receptor families are more frequent for CC and 

CXC ligands where as a single receptor has been identified for the XCL 

(XCR1) and CX3C (CX3CR1) families (Figure 1.3). 

The structural conformation of chemokine receptors is very important 

for their biological activity. Chemokine receptors consist of an amino terminal 

domain, conserved regions/domains (aspartic acid residues; Thr-X-Pro, TXP; 

Asp-Arg-Tyr, DRY) and a carboxyl terminal. The amino terminal is further 

categorized as Glutamic acid-Leucine-Arginine (ELR) positive domain. These 

chemokine receptors’ domains are essential for specific binding with 

chemokine ligands (Figure 1.4).  

A single chemokine can bind with multiple chemokine receptors 

(Nomiyama et al., 2011). Similarly, chemokine receptors also bind with 

multiple chemokine ligands to regulate specific immune cells (Figure 1.3). For 

example, CCL chemokine attracts monocytes via CCR1, CCR2 and CCR5; 

CXCL chemokine attracts neutrophils via CXCR1 and CXCR2, and CXCL9 

and CXCL10 attract T-cells and NK cells by CXCR3. This redundancy 

provides the molecular basis for a robust system which achieves the desired 

outcome with alternative pathways (Mantovani et al., 1999).This explains why 

immune cells express specific receptors on their surface, for example 

neutrophils possess CXCR receptors and T-cells express both CXCR and CCR 

to regulate their biological activity.  
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Figure 1.3: Chemokines family ligands and chemokine receptors (Rostène et 

al., 2007). 

 

 

Figure 1.4: Chemokine ligand and chemokine receptors interaction with    

 a) ELR positive and b) ELR negative domains (Mantovani et al., 2006). 
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Chemokine expression is regulated at the transcriptional and 

translational levels (Schlöndorff et al., 1997). Similarly, the expression of 

chemokine receptors is also regulated at the transcriptional and translational 

levels. The expression of chemokine receptors on immune cells correlates with 

the response to chemokines. For example; the expression level of chemokine 

receptors CCR1 and CCR2 in circulating T-cells is regulated by IL-2 

cytokines. IL-2 strongly up-regulates the expression of CCR1 and CCR2 on T-

cells and subsequently triggers recruitment into sites of immune and 

inflammation reactions (Loetscher et al., 1996). This expression regulation 

provides a control mechanism for the migration of leukocytes and other 

immune cells. 

Chemokine ligand-receptor interaction triggers activation signals 

which cause dissociation of G-protein from receptor and activates a cascade of 

signaling events in the cytoplasm of the cells. These signals ultimately result 

in physiological processes such as migration, trafficking, differentiation and 

degranulation of the cells. 

 

1.3.4. Chemokines and Chemokine Receptors in Immuno-inflammatory 

Mechanism during Renal Injury:  

 Inflammatory cells play a crucial role in renal injury as well as 

allograft rejection. Renal injury could be the result of ischemia, toxins, 

immunological factors and surgical procedures. These renal injuries generate 

pro-inflammatory and inflammatory signals through chemokines, cytokines, 

growth factors etc. from renal cells (epithelial cells, endothelial cells, 
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mesangial cells, interstitial cells) to attract neutrophils, monocytes, NK cells 

and T-cells to the site of kidney injury.  

Renal injury affects renal function significantly. The severity of renal 

injury also correlates with renal functioning. During injury, the expression 

levels of chemokines and corresponding receptors, and the number of 

infiltrating immune cells are increased which also correlate with renal injury 

(Girlanda et al., 2008). 

Chemokines contribute in three major aspects of graft biology a) 

leukocytes recruitment in ischemia – reperfusion injury (IRI), b) mediation of 

host response to infections and c) control of inflammatory components of 

acute or chronic rejection (Gerard and Rollins 2001; Hu and Knechtle, 2006). 

Chemokines, with their receptors, play a major role in leukocyte migration 

into the renal allograft; facilitate migration of dendritic cells and T-cells 

between lymph nodes and transplanted organ.   

The interaction of chemokines and chemokine receptors ultimately 

result either in resolution or progression of renal injury (Anders et al., 2003). 

Rapid down-modulation of chemokines signals supports resolution of acute 

inflammation. However, repeated episodes of renal injury result in continuous 

chemokine secretion and leukocyte influx into the glomeruli or interstitial 

spaces. These infiltrating leukocytes further contribute to injury by releasing 

inflammatory and profibrotic factors. These signals significantly contribute to 

renal rejection and graft dysfunction. 
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1.3.5. Chemokines and Chemokine Receptors in Immuno-inflammatory 

Mechanism during Renal Allograft Rejection: 

Renal graft rejection is a highly complex immunological process that 

results from the interaction between the graft and the host immune response. 

This immunological response is suppressed by immunosuppressive drugs. 

However, drug over-dosing (drug toxicity) is one of the main causes of renal 

injury. Additionally, drug over-dosing suppresses the immune system which 

may also increase the chance of renal infection (pyelonephritis). This may 

further exacerbate renal injury and could activate the immune system involve 

in the rejection mechanism. Rejection is characterized as a major 

immunological cause of renal injury which leads to fibrosis or graft rejection. 

Initially, surgical procedures of graft implantation cause trauma and 

ischemic-reperfusion related injuries result in the production of pro-

inflammatory cytokines and chemokines and activation of vascular 

endothelium. The pro-inflammatory stimuli by cytokines (Interferon gamma, 

INF-γ and Tumor necrosis factor, TNF) rapidly induce other cytokines and 

chemokines (CCL2/MCP-1, CXCL8/IL-8, CXCL10/interferon gamma 

inducible protein, IP-10) within a few hours of renal injury and 

CCL5/RANTES after 12-48 hours (Segerer et al., 2000; Song et al., 2000; 

Fang et al., 2012). Additionally, growth factors, immune complexes and 

complement activation factors also induce chemokine production.  The pro-

inflammatory signals also activate vascular endothelium and tubular 

epithelium of the renal allograft (Thorburn et al., 2009). The activation 

includes up-regulation of HLA, co-stimulating molecules and adhesion 

molecules, and the release of inflammatory chemokines (CXC and CC 
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chemokines). During inflammation, the expression of chemokines (CCL2, 

CXCL1, CXCL2) on epithelium and corresponding chemokine receptors 

(CXCR and CXCR2) on monocytes and leukocytes are up-regulated and direct 

immune cells to the inflamed renal site (Nguan and Du, 2009). This initial 

innate immune response to renal injury subsides with the healing mechanism 

in HLA-matched graft. However, in the HLA-mismatched graft, early non-

specific ischemic-reperfusion injury is reported to be an immunological cause 

of graft rejection (Pascual et al., 2002). 

HLA-mismatch between donor and recipient activates the adaptive 

immune response against allograft. The adaptive immunity involves 

infiltration of specific alloreactive T-cells, dendritic cells, NK cells and 

macrophages. These immune cells are regulated by chemokine receptors 

(CCR5, CXCR3) and ligands (CXCL9, CXCL10) to the inflamed site of 

allograft (Mantovani et al., 2004). The infiltration of activated lymphocytes 

causes significant renal injury/damage and stimulates fibroblast proliferation 

and matrix synthesis. Histopathological findings such as presence of 

leukocytes in the intrestitium and tubulitis are the hallmark of rejection 

(Racusen et al., 1999). The occurrence of repeated episodes of rejection is 

associated with loss of renal function and scarring, which ultimately results in 

graft-loss.  

Chemokines and chemokine receptors are crucial in the immuno-

regulatory response against the allograft. The expression of number of 

chemokines and chemokine receptors have showed increased expression in 

rejection (Inston and Cockwell, 2002; Panzer et al., 2004; Segerer et al., 2005; 

Hoffmann et al., 2010; Krensky and Clayberger, 2011; Saxena et al., 2012). 
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Interestingly, the levels of chemokines in blood and urine correlate with 

histopathological findings at times of rejection. This indicates the role of 

chemokines in modulating the rejection mechanism particularly during early 

phase of rejection against the graft. Therefore, these chemokine factors could 

be good early indicators for graft rejection. 

 

1.3.6. Urinary Chemokines and Transplant Outcome 

 Chemokine receptors and their ligands are important mediators of 

allograft injury.  As the expression of chemokine receptors is up-regulated 

during allograft injury, the measurement of their corresponding ligands could 

be a potential tool for the surveillance of the graft damage. Using a non-

invasive sample (urine) for the quantification of chemokines would be ideal 

for surveillance of immune response against allograft (Roedder et al., 2011; 

Pereira et al., 2012). Several studies have been carried out to measure human 

chemokines in the urine of kidney transplant patients for various pathological 

conditions. These studies have showed an increased level of certain 

chemokines (CXCL9, CXCL10, CXCL11) in patients with acute and chronic 

rejection and infection compared to stable grafts and healthy individuals (Hu 

et al., 2004; Schaub  et al., 2009; Jackson et al., 2011; Ho et al., 2013).  

Identification of acute rejection, chronic rejection and stable graft 

functioning are important in renal transplantation. Increased urinary 

chemokine levels have shown association with rejection. They also have a 

good prediction power for rejection episodes much earlier than serum 

creatinine (Kanmaz et al., 2004; Hauser et al., 2005). Therefore the response 

of patients to anti-rejection therapy could be monitored by down regulation of 
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chemokine levels (Sun et al., 2003). As chemokines and chemokine receptors 

participate in pathological changes at particular points of renal injury, the 

quantification of urinary chemokines serve as biomarkers needed for early 

non-invasive diagnosis of rejection. This could also detect significant 

subclinical, acute to chronic rejection and graft loss. 

  

1.3.7. The Functional Polymorphisms in Chemokines and Chemokine 

Receptors: 

Genetic factors are well-known to play a key role in transplantation 

including the genetic makeup of the recipients as well as genetic differences 

between donors and recipients in immunoregulatory genes. These genetic 

factors regulate innate and adaptive immunity. Genetic variations such as 

single nucleotide polymorphisms (SNPs) can increase or decrease the 

transcriptional activity of a gene as well as functional changes in a protein and 

contribute to an individual’s immune response against an allograft. Several 

SNPs in the genes of chemokine ligands and chemokine receptors which have 

shown association with renal diseases and transplant outcome have been 

identified (Simeoni et al., 2005; Ma Angeles et al., 2012). 

Studies based on renal allograft biopsies with various histopathological 

conditions such as acute cellular and chronic rejection have shown high 

expression levels of chemokine receptors (CXCR3 and CCR5) and 

corresponding ligands (CXCL9,  CXCL10,  CXCL11, CCL5)  (Segerer et al., 

2000; Nelson et al., 2001; Akalin et al., 2001; Sarwal et al., 2003; Flechner et 

al., 2004). This intra-graft expression showed the role of 

chemokine/chemokine ligand pathways in the recruitment of effector cells to 
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allograft (Obara et al., 2005; Wang et al., 2008; Bedognetti, 2011). The 

CXCR3/CXCR3 ligand and CCR5/CCR5 ligand pathways are main 

components of immunological constant of rejection (ICR). The various 

expression levels during rejection episode could be influenced by 

polymorphisms in the receptors of CCR2 and CCR5.   

Various chemokine polymorphisms in CCR and CXCR have been 

reported (Geraghty et al., 2002). However, certain polymorphisms increase the 

expression levels of chemokine receptors on immune cells, and subsequently 

participate in renal allograft dysfunction, repeated rejection and graft loss 

(Abdi et al., 2002; Hancock, 2002; Kruger et al., 2002; Yigit et al., 2007; Cha 

et al., 2009; Gorgi et al., 2011). While the chemokine polymorphism, 

CCR5Δ32 of CCR5, reduces the risk of rejection in kidney allograft 

(Fischereder et al., 2001). Some studies have shown a lack of association of 

these polymorphisms with graft outcome (Brabcova et al., 2007; Azmandian 

et al., 2012).  

Genetic difference between donors and recipients in chemokines and 

their chemokine receptors is another important factor in mediating response 

against renal allograft. Multiple studies have reported the role of the donor’s 

genetic makeup, particularly chemokine polymorphisms in the allograft 

rejection (Hoffmann et al., 2004; Cha et al., 2009; Kang et al., 2008). 

The functional polymorphisms in chemokine receptors (CCR5 and 

CCR2) may help in predicting the host immune response against renal 

allograft. Additionally, therapeutic strategies could be designed by identifying 

the high risk renal transplant patients to minimize the incidence of rejection 

episodes and prolong graft survival.  
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1.4. Current Study:        

 The current study investigates the role of genetic variations 

(polymorphisms; SNPs) in chemokine receptors.  Chemokine receptors 2 and 

5 were genotyped for CCR2V64I, CCR59029G>A and CCR5Δ32 (chapter 3) 

and determined their association with renal transplant outcome. Additionally, 

urinary chemokine levels of human interferon gamma inducible protein-10 

(IP-10/CXCL-10; chapter 4); human monokine induced by interferon-gamma 

(MIG/CXCL9; chapter 5) and human monocyte chemotactic protein-1 (MCP-

1/CCL2; chapter 6) were also quantified at different histopathologically 

confirmed events. The measured urinary chemokine levels were used for 

association studies with rejection, non-rejection and stable graft.                 

 

1.4.1. Chemokine Receptor Gene Polymorphisms (CCR2V64I, CCR5-

59029G>A and CCR5Δ32):  

Chemokine receptor-2 (CCR2) and -5 (CCR5) are GPCRs. They are 

encoded by two genes located in a cluster of chemokine receptor genes on 

p21.3-p24 region of chromosome 3 (Liu et al. 1996; Samson et al., 1996 a and 

b). The CCR2 and CCR5 genes comprise of 3 and 4 exons respectively, 

spanning approximately 6-7 kb of genomic sequence (Mummidi et al. 1997; 

Wong et al., 1997). The CCR2 gene encodes a receptor for monocytes 

chemoattractant protein-1(MCP-1) where as CCR5 gene encodes a receptor 

for regulated on activation normal T-cell expressed and secreted protein 

(RANTES) and macrophage inflammatory protein-1 (MIP-1α and -β) ( Charo 

et al., 1994). Both CCR receptors are expressed on the surface of T-cells, B-

cells, monocytes/macrophages, basophils and NK cells. 



 

21 
 

Genetic variations such as SNPs and mutations in the coding region of 

CCR2 and CCR5 chemokine receptors influence their expression and function. 

These genetic variations have been implicated in kidney transplantation 

rejection. The V64I polymorphism of CCR2, CCR5-59029G>A 

polymorphism and CCR5 32 bp deletion (CCR5Δ32) have been widely 

studied due to their association with kidney allograft rejection. 

Smith et al. (1997) identified the V64I polymorphism in the first 

transmembrane region of CCR2. The V64I polymorphism of CCR2 is due to a 

single nucleotide change (G to A) at codon position of 64 that results in amino 

acid change from valine to isoleuicine. This polymorphism has been shown to 

be correlated with the reduction of CCR2 function in the anti-allograft 

immune response and to be involved in the down modulation of CCR5 

expression which is important in the graft rejection (Segerer et al., 2001; 

Nakayama et al., 2004). Various renal transplant studies have shown the 

association of CCR2V64I polymorphism with either allograft rejection or 

stable allograft function (Prasad et al., 2007; Omrani et al., 2008; Gorgi et al., 

2011).  

The CCR5-59029G>A is a polymorphism of CCR5 in the promoter 

region that increases its expression level and subsequently its activity by 

attracting monocytes and T-cells. Another mutation in the CCR5 gene is a 32 

bp deletion (CCR5Δ32) that results in a frame shift and premature termination 

of translation of the transcript (Samson et al., 1996 c).  These genetic 

variations in CCR5 have been associated with repeated rejection episodes, 

graft rejection as well as graft survival (Fischereder et al., 2001; Prasad et al., 

2007; Omrani et al., 2008; Gorgi et al., 2011).  
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This study evaluates the association of CCR2V64I, CCR5-59029G>A 

and CCR5Δ32 genetic variations with renal allograft rejection and survival in 

our study groups. The premise of the study is that these chemokine receptor 

polymorphisms help in identifying transplant patients at high risk for allograft 

rejection and minimize the rejection incidences. Therapeutic strategies based 

on chemokine biology may result in long-term allograft survival.  

  
1.4.2. Urinary Interferon-Gamma Induced Protein-10 and its Association 

with Renal Allograft Rejection: 

 Interferon-gamma inducible protein-10 (IP-10 or CXCL10) belongs to 

CXC chemokine sub-group of chemokines super family. It has chemotactic 

properties for T helper cells (Th1), NK cells, DC cells and macrophages 

(Loetscher et al., 1996; Bonecchi et al., 1998; Romagnani et al., 2001). IP-10 

is secreted by several immune cells (leukocytes, neutrophils) and non-immune 

cells (epithelial cells, endothelial cells) and its biological activity is manifested 

by binding to CXCR3 receptors. The CXCR3 receptors and IP-10 have a 

central role in the immune response against transplanted organs (Panzer et al., 

2004; Romagnani and Crescioli, 2012).  

 IP-10 is named as it was identified as an early response gene induced 

on treatment with interferon in many cells. The IP-10 gene is located on 

chromosome 4q21.1 and consists of four (4) exons. The molecular size of IP-

10 protein is 10 kDa and it is composed of 98 amino acids. 

IP-10 and its corresponding chemokine receptor (CXCR3) have a 

central role in immune response against various transplant organs (renal, heart, 

lung). IP-10 derived either from donor or recipient, is also associated with 

rejection. As IP-10 has shown potent chemoattractant property for T cells, 
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donor derived IP-10 chemokine participate in initiating early rejection process 

(Hancock et al., 2001). An increased IP-10 level along with other co-

stimulating cytokines also promotes survival and expansion of certain T-cell 

subtypes and triggers apoptosis (Sidahmed et al., 2012). Therefore, it 

contributes to rejection and early graft loss.     

 Multiple studies have shown increased expression of IP-10 in graft, 

blood (pre-transplant and post-transplant) and significant association with 

acute rejection, chronic allograft nephropathy and graft loss (Rotondi et al., 

2004; Tatapudi  et al., 2004; Lazzeri et al., 2005; Matl et al., 2010; Lo et al., 

2011; Mao et al., 2011). It has been shown that IP-10 chemokine in urine 

identifies early renal allograft inflammation and renal injury with better 

sensitivity and predictability than serum IP-10 (Jackson et al., 2011). 

Interestingly, it also indicates the response of patients to anti-rejection therapy 

by down regulating the IP-10 levels (Matz et al., 2006; Mao et al., 2011). 

Stability and reproducibility of IP-10 levels in non-invasive samples (urine 

and blood) make it an ideal marker for transplantation studies.  

 

1.4.3. Urinary Monokine Induced by Interferon-Gamma and its 

Association with Renal Allograft Rejection: 

The monokine induced by interferon-gamma (MIG or CXCL9) is a 

major chemoattractant for T-lymphocytes. It is induced in response to INF-γ 

by various cells such as monocytes/macrophages, neutrophils, endothelial 

cells, epithelial cells, and also by liver and kidney. It has a role in many 

diseases such as autoimmune diseases, renal diseases and allograft rejection 

(Koga et al., 1999; Romagnani et al., 1999; Auerbach et al., 2009; Asaoka et 

al., 2012). 
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The MIG gene is located on chromosome 4 at q12-21 (Lee and Farber, 

1996; O'Donovan et al., 1999). The functional protein is composed of 103 

amino acids and belongs to CXC chemokine sub-family. Its activity is 

regulated by CXCR3-GPCRs on Th1 cells. Thus, it is regulated predominantly 

by Th1 immune response. Interaction of MIG with CXCR3 causes 

inflammatory cells infiltration that leads to renal disease and acute renal 

allograft rejection (Lazzeri et al., 2002). 

Various studies have shown that MIG levels are associated with renal 

rejection and also identify subjects with high risk of rejection (Koga et al., 

1999; Rotondi et al., 2010; Jackson et al., 2011; De Muro et al., 2013). High 

urinary levels of MIG and its association with rejection make it a potential 

non-invasive biomarker for graft monitoring (Schaub et al., 2009). Multiple 

studies have showed the diagnostic power of urinary MIG for rejection is 

better than serum creatinine. Additionally, it could also reflect the immune 

response to anti-rejection therapy (Hu et al., 2004; Hauser et al., 2005). On the 

other hand, therapeutic approaches that neutralize MIG during early post 

transplant periods have showed significant results in preventing chronic graft 

vasculopathy and graft fibrosis (Miura et al., 2003). 

1.4.4. Urinary MCP-1 and its Association with Renal Allograft Rejection:

 Human monocyte chemotactic protein-1 (MCP-1/CCL2) is a 

chemotactic ligand, and belongs to the CCL chemokine family. It is produced 

in response to inflammatory mediators such as TNF and INF-γ (Rollins, 

1997). MCP-1 is a major chemoattractant and activator of monocytes and 

other immune cells (NK cells and T-cells) and contributes to inflammation and 

recruitment of immune cells to the inflamed or injured site (Ajuebor et al., 
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1998; Robertson et al., 2000). Various studies have shown the involvement of 

MCP-1 in renal injury, wound healing and renal transplantation (Rovin et al., 

1996; Low et al., 2001; Rice et al., 2002; Eardley et al., 2006; Dantas et al., 

2007; Wu et al., 2010).       

 The MCP-1 ligand is protein in nature and its gene is located at q11.2 

on chromosome 17. The MCP-1 is composed of 76 amino acids having 

molecular size of 13kDa (Van Coillie et al., 1999). The MCP-1 ligand is 

specific for the GPCR, CCR2. The ligand mediates its activity by interacting 

with CCR2 of monocytes, NK cells and T-cells. Additionally, it also regulates 

the expression levels of CCR2 on immune cells (Cho et al., 2007).   

 As MCP-1 is an early chemoattractant released after ischemia 

reperfusion renal injury and initial allograft rejection, it contributes 

significantly to immune regulation against renal transplantation. Various renal 

transplant studies have shown MCP-1 association with transplant outcome 

such as up-regulation of MCP-1 ligands and corresponding receptors (CCR2), 

gene polymorphisms in MCP-1 gene, and also urinary levels of MCP-1 

(Grandaliano et al., 1997; Kruger et al., 2002; Rüster et al., 2004; Lacha et al., 

2005; Dubiński et al., 2008; Kang et al., 2008).                                                    

 The quantification of urinary MCP-1 levels of renal transplant patients 

during rejection is a non-invasive immune monitoring approach. Multiple 

studies have shown that urinary MCP-1 levels are associated with graft 

dysfunction (Prodjosudjadi et al., 1996; Grandaliano et al., 1997; Sun et al., 

2003; Ho et al., 2010; Ho et al., 2012). Detection of urinary MCP-1 may 

provide early and non-invasive diagnostic and prognostic approach for graft 

dysfunction.  
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2.1. Subjects: 

The project was approved by the Ethical Review Committee (E.R.C), 

SIUT. The project was in accordance of Helsinki declaration as well as 

institutional guidelines. Renal patients transplanted during June 2009 to 

January 2013 were included in this study. Informed consent was taken from all 

the participating kidney donors and recipients. 

 

2. 2.  Methods: 

2.2.1. Specimens: Blood and urine samples were collected at (a) operation 

time (b) just before graft biopsy and (c) 1-10, 14, 20 and 60 day post-

transplant. Blood samples (4 ml) were collected in EDTA containing 

vacutainers (Becton Dickinson®, Franklin Lakes, NJ, USA) and stored at 4°C 

until DNA extraction. Urine samples (100 ml) were collected in sterile 

containers and centrifuged in 50 ml falcon tubes at 3200 rpm for 20 minutes at 

4°C. The urine supernatant was aliquoted in two separate (2 ml) 

microcentrifuge tubes and a 50 ml sterile container. The samples were stored 

at -80°C and used for quantification of chemokines by immunoassay. 

The methods used in this thesis such as DNA isolation and 

purification, polymerase chain reaction (PCR), restriction fragment length 

polymorphism (RFLP) and enzyme-linked immunosorbent assay (ELISA) are 

described in standard laboratory manuals (Sambrook and Russell, 2001).  

 

2.2.2. DNA Isolation:  

Genomic DNA was purified from whole blood by the standard phenol-

chloroform-isoamyl alcohol method. Whole blood (4 ml) was transferred to 
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falcon tube and 12 ml of red blood cell lysis buffer (RCLB; 0.15M ammonium 

chloride, 10mM potassium bicarbonate, 0.5M EDTA, pH 7.4) was added for 

red blood cell lysis. The samples were placed on ice for 30 minutes. The blood 

samples were centrifuged at 1200 rpm for 10 minutes at 4°C. The supernatant 

was discarded and pellet was resuspended in 10 ml RCLB. The centrifugation 

step was repeated and supernatant was again discarded.   

Lymphocytes obtained centrifugation, were resuspended in 4.5 ml of 

Saline-Tris-EDTA buffer (STE buffer; 3M NaCl, 1M Tris pH 8.0 and 0.5M 

EDTA pH 8.0).  250 ul of 10% sodium dodecyl sulphate (SDS) was added 

drop-wise with gentle vortexing, followed by 5 µl of 20 mg/ml Proteinase-K. 

The samples were incubated overnight for Proteinase-K digestion in a shaking 

water bath at 55oC. 

The following day, first extraction was performed with equal volumes 

of Tris-equilibrated phenol (pH 8.0), mixed gently for 10 minutes and kept on 

ice for 10 minutes. The samples were centrifuged at 3200 rpm for 30 minutes 

at 4oC. The aqueous layer was carefully removed with the help of cut-off 

micropipette tips (to avoid shearing of DNA) to a sterile 15 ml falcon tube. 

The second extraction was performed with an equal volume of chloroform-

isoamyl alcohol (24:1 v/v). The sample was mixed gently for 10 minutes, 

placed on ice for 10 minutes and then centrifuged at 3200 rpm for 30 minutes 

at 4oC. The aqueous layer was collected in another 15 ml falcon tube. 

The nucleic acid (DNA) was precipitated by adding 10M ammonium 

acetate (one tenth the volume of aqueous layer) and an equal volume of 

isopropanol. It was mixed gently to precipitate DNA and stored at -20oC 

overnight.  
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The next day, DNA was pelleted by centrifugation at 3200 rpm for 60 

minutes at 4oC. The DNA pellet was washed with 70% ethanol and 

centrifuged at 3200 rpm for 40 minutes. The DNA pellet was air dried and 

resuspended in 500 ul of Tris-EDTA buffer (TE: 10mM Tris, 1mM EDTA, pH 

8.0). 

 

2.2.3. Quantification of DNA Samples: 

The optical density (O.D) of DNA samples was measured at 260nm 

and 280nm using a spectrophotometer (Lambda EZ-201, Perkin Elmer®, USA) 

and DNA concentration was calculated by the following formula: 

 
Absorbance at 260nm x dilution factor x 50 = DNA concentration (µg/ml) 
 

Where,  
        50 = Correction factor for double stranded DNA. 
 

The DNA absorbance ratio (OD260/OD280) of 1.7-2.0 was used for 

chemokine receptor gene polymorphisms (CCR2V64I, CCR5-59029G>A and 

CCR5Δ32). 

 

2.2.4.   Polymerase Chain Reaction: 

The polymerase chain reaction was performed with GoTaq®, flexi 

DNA polymerase kit (Promega®, Medison, WI, USA). The reaction 

(Master Mix) for PCR was prepared, containing 1X PCR buffer, 1.5mM 

MgCl2, 0.1mM dNTPs, 0.9U Taq Polymerase, 0.3µM of each Primers 

(forward and reverse) and 50-75ng of genomic DNA in a total volume of 15µl.    
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The polymerase chain reaction was used to amplify polymorphic 

region of a) CCR2V64I b) CCR5-59029G>A and c) CCR5Δ32 under specific 

PCR conditions. The detailed methodology for genotyping of each gene is 

provided in the following section.  

 

2.2.4.1. Genotyping of CCR2V64I:  

The CCR2V64I polymorphic region was amplified under specific PCR 

conditions by using sequence specific primers (SSPs) described by Abdi et al., 

2002. The preparation of PCR master reaction mix were used are described in 

Table 2.1. 

 

 

Table 2.1: Polymerase chain reaction condition for genotyping of 

CCR2V64I 

 

 

 

 

 

 

 

 

 

 

 

 

PCR Reaction Mix Working 
Concentration 

Required vol. per 
reaction 

PCR Buffer II  (10X )   1X 1.50ul 

MgCl2  (25mM) 1.5mM 0.90ul 

dNTPs (2.5mM) 100uM 0.75ul 

Taq Polymerase (2U/ul) 0.9U 0.45ul 

Primers  (forward; 10uM) 0.3uM 0.45ul 

Primers  (reverse;10uM) 0.3uM 0.45ul 

Deionized water  9.2ul 

DNA sample (50ng/ul) 65ng 1.3ul 

Total volume  15.00ul 
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 The PCR was performed using a thermal cycler (Gene Amp® PCR 

System 9700, Applied Biosystems, USA). The thermal cycling conditions for 

CCR2V64I are given below 

 
Thermal Cycler Conditions:  

                             
1 cycle of   95C for 4 minutes    (DNA denaturation step) 

   
   35 cycles of  94C for 30 seconds   (DNA denaturation step) 

    65C for 45 seconds   (Primer annealing step) 

    72C for 1 minute        (Extension step) 

1 cycle of  72C for 7 minutes     (Final extension) 

Hold                4ºC 

The amplified PCR product size of CCR2V64I was 173 bp; and correct 

fragment size was ascertained on agarose gel electrophoresis using 100 bp 

DNA ladder (Promega®, Medison, WI, USA). 

 

2.2.4.2. Genotyping of CCR5-59029G>A: 

The PCR was used to amplify CCR5-59029G>A promoter region 

under specific PCR conditions by using SSPs described by Abdi et al., 2002. 

The master reaction mix for CCR5-59029G>A is described in Table 2.2.  

 Thermal cycler conditions were same as given above for CCR2V64I. 

The PCR amplified product size of CCR5-59029G>A was 268 bp. Agarose 

gel electrophoresis with a 100 bp ladder was performed to visualize the PCR 

product of the CCR5 gene. 
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Table 2.2: Polymerase chain reaction condition for the genotyping of      

CCR5-59029G>A 

 

PCR Master Reaction Mix 

 
Working 

Concentration 

 
Required vol. per 

reaction 

PCR Buffer (II)  10X 1X 1.50ul 

MgCl2  (25mM) 1.5mM 0.90ul 

dNTPs (2.5mM) 100uM 0.75ul 

Taq Polymerase (2U/ul) 0.9U 0.45ul 

Primers  (forward;10uM) 0.3uM 0.45ul 

Primers  (reverse;10uM) 0.3uM 0.45ul 

Deionized water  9.0ul 

DNA sample (50ng/ul) 75ng 1.5ul 

Total volume  15.00ul 
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2.2.4.3. Genotyping of CCR5Δ32: 

The PCR was used to amplify CCR5Δ32 under specific PCR 

conditions by using SSPs described by Abdi et al., 2002. The PCR master 

reaction mix for CCR5Δ32 is described in Table 2.3.  

 

Table 2.3: Polymerase chain reaction condition for the genotyping of 

CCR5Δ32:  

          

 

 

 

 

 

 

 

 

 

 

 

Thermal cycling conditions used for amplification of CCR5Δ32 were 

1 cycle of    95C for 4 minutes     (DNA denaturation step) 

      35 cycles of   94C for 30 seconds   (DNA denaturation step) 

    57C for 45 seconds   (Primer annealing step) 

    72C for 1 minute     (Extension step) 

1 cycle of   72C for 7 minutes     (Final extension) 

Hold                      4ºC 

PCR Master Reaction Mix Working 
Concentration 

Required vol. per 
reaction 

PCR Buffer II  (5X) 1X 3.0ul 

MgCl2  (25mM) 1.5mM 0.9ul 

dNTPs (2mM) 100uM 0.75ul 

GoTaqTM Polymerase (5U/ul) 0.5U 0.1ul 

Primers  (forward; 20uM) 0.3uM 0.225ul 

Primers  (reverse; 20uM) 0.3uM 0.225ul 

Deionized water   8.8ul 

DNA sample (100ng/ul)  50ng 0.5ul 

Total volume   15.00ul 
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 The PCR amplified products were analyzed on a 3% agarose gel 

electrophoresis to identify CCR5Δ32.  

 The CCR5Δ32 polymorphism was scored on the presence or absence 

of the 32 base pair fragment.  The amplicon size of a 233 bp showed wild type 

while a 201 bp indicated a 32 bp deletion fragment of CCR5. (Fig 2.1)   

 

 

 2.3. Agarose Gel Electrophoresis:     

 Agarose gel electrophoresis was used to ascertain amplification of 

CCR2V64I, CCR5-59029G>A and CCR5Δ32. 3% agarose gel (Promega®, 

Madison, WI, USA) was prepared by adding 9g of agarose to 300 ml with 1X 

TBE buffer [(10X TBE: Tris base (0.6M), Boric acid (0.9M), disodium EDTA 

(25mM) pH 8.0)]. The agarose suspension was heated in a loosely capped 

bottle till completely dissolved. 5µl of Ethidium bromide (10mg/ml) was 

added, mixed and then placed in a water shaking bath at 55ºC for 10 min. The 

gel was poured into the casting tray of a horizontal gel electrophoresis (Sigma 

Chemical Co. ST. Louis, USA.) having 3mm comb. The comb was withdrawn 

from solidified gel and the gel was placed in a buffer tank containing 

sufficient 1X TBE buffer to cover it. 

 The PCR product (5ul) was mixed with 5ul of Orange G loading dye 

[6X Orange G loading dye containing 0.125% Orange-G, 20% Ficoll and 

0.5M EDTA, pH 8.0) and loaded into the wells with the help of micro-

pipettor. 5ul of DNA molecular weight marker (100bp DNA ladder; 

Promega®, Madison, WI, USA) having band size ranging from 100-1500bp 

was loaded in each gel.          
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 Gel electrophoresis was carried out at a constant 200 volts for 30 

minutes. The gel bands were examined under ultraviolet light (UV). The gels 

were annotated and recorded using a gel documentation system (Gel Doc 

System®, Bio- Rad, Milan, Italy). 

 After getting the specific PCR product of CCR2V64I and CCR5-

59029G>A on gel electrophoresis, the PCR product was used for restriction 

fragment polymorphisms analysis. 

 

 2.4. Restriction Fragments Length Polymorphisms (RFLP): 

 Restriction Fragment length polymorphisms is a method to detect 

difference in homologous DNA sequence. This technique is based on a 

nucleotide base change that results in the creation or abolition of restriction 

site. This region is amplified by designing primers for a flanking region of 

restriction site. The amplified products are subsequently digested with 

appropriate restriction enzyme under appropriate conditions. The banding 

patterns are analyzed using 3% agarose gel. 

 The functional polymorphisms of CCR2V64I and CCR5-59029G>A 

were investigated by RFLPs method, using restriction enzymes. The detailed 

condition for RFLPs for CCR2 and CCR5 are given below. 

 

2.4.1. Restriction Fragments Length Polymorphisms of CCR2V64I: 

 The reaction mix and condition for the RFLPs assay of CCR2V64I are 

described in Table 2.4.  
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Table 2.4: Reaction mix for restriction fragment polymorphism 

CCR2V64I: 

Reagents Volume / Reaction 

CCR2V64I amplified product (173 bp) 

Water 

10X buffer O 

BsaBI enzyme (10u/µl) 

10.0µl 

9.4µl 

1.0µl 

0.2µl 

 

 10µl of the PCR products were digested with 2U BseJI (BsaBI: 

Fermentas®, Life Sciences) for CCR2V64I with 10X buffer O at 65ºC 

overnight in water bath. The DNA banding pattern of CCR2V64I was 

recorded using gel documentation system and results were used for statistical 

Figure 2.2 analysis. 

 

2.4.2. Restriction fragment length polymorphism of CCR5-59029G>A:  

 The PCR product (268bp) of CCR5-59029G>A was digested with 

Bsp12861 (Fermentas®, Life Sciences) for overnight at 37°C to find out the 

presence of polymorphism (G or A) at 59029 (Table 2.5).  

 10µl of the PCR products were digested with 2U of Bsp12861 for 

CCR5-59029G>A with Buffer 10X (Bsp12861 at 37ºC overnight in water 

bath. The digested products were run on 3% agarose gel at a constant 200 

volts for 30 minutes. DNA banding pattern was recorded using gel 

documentation system and data were analyzed for statistical analysis 
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Table 2.5: Reaction mix for restriction fragment length polymorphism of 

CCR5-59029G>A 

Reagents Volume / Reaction 

PCR Product (268bp) 

Water 

Buffer 10X (Bsp12861) 

Bsp12861 Enzyme (10u/µl) 

10.0µl 

18.8µl 

2.0µl 

0.2µl 

 

 . 
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Figure 2.1: Genotyping of CCR5Δ32. It shows heterozygous at CCR5Δ32 

(double bands) and wild type (no CCR5Δ32 region; a single band) 
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Figure 2.2: Genotyping of CCR2V64I. The BsaBI restriction enzyme 

digested the PCR product (173 bp) of CCR2V64I yielded two fragments of 

149 bp and 24 bp due to the presence of homozygous AA genotype; whereas 

the 173 bp amplicon of CCR2 remained uncut, indicate the presence of 

homozygous GG genotype. Further, two bands of 173 bp and 149 bp were 

observed in heterozygous GA genotype on 3% agarose gel. 

 

 

 

 

 

 

Heterozygous GA Homozygous GG Homozygous AA 
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Figure 2.3: Genotyping of CCR5-59029G>A. The Bsp12861 result a single 

fragment of (130 bp) for homozygous genotype (GG), two fragments of 130 

bp and 258 bp for the heterozygous (GA) genotype and un-cut fragments for 

homozygous (AA).  
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2.5. Quantification of Urinary Chemokines using Enzyme-Linked 

Immunosorbent Assay (ELISA): 

 An enzyme-linked immunosorbent assay (ELISA) was used to measure 

the urinary levels of a) human interferon induced protein-10 (CXCL10/IP-10) 

b) human monokine induced by interferon-gamma (CXCL9/MIG) and c) 

human CCL2/MCP-1 using R&D Systems ELISA kits (R&D Systems; 

Minneapolis, MN, USA). The detailed methodology for each chemokine 

analysis is described in the section below. 

 

2.5.1. Human Interferon-Gamma Inducible Protein-10:  

 Urinary Human IP-10 concentration was measured in urine samples of 

transplant patients using the Human urinary IP-10/CXCL10 ELISA kit 

(Quantikine®, R&D Systems; Minneapolis, MN, USA). The IP-10 stock 

standard, working standard dilutions and samples were prepared and assayed 

as described in the kit manual. 

 Initially, the IP-10 stock standard of 5000pg/ml was prepared by 

reconstituting 5ng of standard with 1ml of deionized water. This IP-10 stock 

standard was used for making serial dilution of standards (STD) of various 

concentrations such as 500pg/ml (STD-1), 250pg/ml (STD-2), 125pg/ml 

(STD-3), 62.5pg/ml (STD-4), 31.2pg/ml (STD-5), 15.6pg/ml (STD-6) and 

7.8pg/ml (STD-7).  

 The STD-1 (500pg/ml) was prepared by pipetting 100ul of IP-10 stock 

standard (5000pg/ml) and mixed with 900ul RD5K calibrator diluents in a 

1.5ml microcentrifuge tube. For Serial dilution of standards (STD-2 – STD-7) 

500ul of calibrator diluent was pipetted into 6 separate 1.5ml microcentrifuge 
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tubes. The STD-2 was prepared by pipetting 500ul of STD-1 and mixed with 

500ul of calibrator diluent in 1.5ml tube. Similarly, other working standards 

(STD-3 – STD-7) were prepared. 

 The plate lay-out was prepared in such a way that first standard (high 

concentration to the lowest concentration standards), then blanks (H1and H2) 

and at last, urine samples (A3–H12) were assigned wells. All working 

standards, blanks and samples were assayed in duplicate. Initially, 150uL of 

Assay diluent RD1-56 (RD1-56: buffered protein base with preservative) was 

added to each plate well. As per plate lay-out, 100ul of each STD (500pg/ml, 

250pg/ml, 125pg/ml, 62.5pg/ml, 31.2pg/ml, 15.6pg/ml and 7.8pg/ml), 100ul 

of assay diluent as a blank and 100ul of urine sample was added to the 

respective wells. The plate was covered by an adhesive strip and incubated for 

2 hours at room temperature. 

 After incubation period, each well was aspirated and washed 4 times 

with wash buffer (wash buffer was prepared by taking 20ml of wash buffer 

and q.s. to 500ml with deionized water). Finally, the plate was inverted and 

blotted on tissue paper to soak any remaining buffer. 

  Anti-human IP-10 conjugate (200ul) was added into each well. The 

plate was covered by an adhesive strip and incubated for 2 hours at room 

temperature. After incubation, each well was aspirated and washed 4 times 

with wash buffer and blotted as before. Freshly prepared Substrate solution 

(200ul) was added to each well and incubated for 30 minutes at room 

temperature in darkness. 50ul of stop solution was added to each well which 

resulted in a change of colour from blue to yellow.  
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 The optical density of each sample was determined using a microplate 

reader (Synergy 2, BioTek® Instrument, Inc., USA). The plate was read at 

450nm with the wavelength correction was set at 540nm. A standard curve 

was generated using standards (STD-1 to STD-7) and concentration in urine 

samples was calculated using Gen5 (version 1.08) data collection and analysis 

software. 

 The measured urinary level of IP-10 was used for association with 

renal outcome using statistical software. 

 

2.5.2. Human Monokine Induced by Interferon-Gamma: 

 Human MIG concentration in urine samples was another chemokine 

used to investigate for rejection and non-rejection, stable graft and controls 

using Human CXCL9/MIG ELISA kit (Quantikine®, R&D Systems; 

Minneapolis, MN, USA).  

 First the MIG stock standard and working standards were prepared. 

MIG stock of 20,000pg/ml was prepared by reconstituting 20ng of standard 

with 1ml of deionized water. The MIG stock standard was used for making 

serial dilution of standards (STD) such as 2000pg/ml, 1000pg/ml, 500pg/ml, 

250pg/ml, 125pg/ml, 62.5pg/ml, 31.2pg/ml and 15.6pg/ml.  

 The STD-1 (2000pg/ml) was prepared by adding 100ul of MIG stock 

standard (20,000pg/ml) and mixed with 900ul RD5P (2.5X) calibrator diluent 

[RD5P (2.5X); 10ml of RD5P q.s. to 20ml with deionized water)] in a 1.5ml 

microcentrifuge tube. Serial dilutions of other working standards (STD-2 to 

STD-8) was prepared by pipetting 500ul of calibrator diluent into 7 separate 

microcentrifuge tubes of 1.5ml for each standard. The STD-2 was prepared by 
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pipetting 500ul of STD-1 and mixed with 500ul of calibrator diluents of STD-

2 tube. Similarly, other working standards from STD-3 to STD-8 were 

prepared. 

 Initially, 100uL of assay diluent RD1W (RD1W: buffered protein base 

with preservatives) were added to each plate well. 100ul of each standard 

(2000pg/ml, 1000pg/ml, 500pg/ml, 250pg/ml, 125pg/ml, 62.5pg/ml, 

31.2pg/ml and 15.5pg/ml) were pipetted from high concentration standard to 

lowest concentration standard. For a blank, 100ul of assay diluent RD1W was 

added to wells (H1 and H2). 100ul of urine sample was added to respective 

wells. The plate was covered by adhesive strip and incubated for 2 hours at 

room temperature. 

 After incubation, each well was aspirated and washed four times with 

wash buffer (wash buffer; 20ml of wash buffer q.s. to 500ml with deionized 

water). Finally, the plate was inverted and blotted against tissue paper to soak 

any remaining buffer. 

 Anti-human MIG conjugate (200ul) was added into each well. The 

plate was covered by adhesive strip and incubated for further 2 hours at room 

temperature. After incubation, each well was aspirated completely and washed 

four times with wash buffer. Substrate solution (200ul) was added to each 

well and incubated for 30 minutes at room temperature in darkness. 50ul of 

Stop solution was added to each well which resulted in a change of color from 

blue to yellow.  

 The optical density of each sample was determined using the 

microplate reader (Synergy 2, BioTek® Instrument, Inc., USA). The plate was 

read at 450nm with the wavelength correction was set at 540nm. The standard 
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curve was generated based on standards (STD-1 to STD-8) and concentration 

of samples was calculated using microplate data collection and analysis 

software, Gen5 version 1.08.  

 The measured concentration of urinary level of MIG was used for 

association with renal outcome using statistical software. 

 

2.5.3. Human Monocyte Chemotactic Protein-1: 

 The quantitative determination of Human MCP-1/CCL2 concentration 

was investigated in urine samples of transplant patients (stable graft, rejection 

and control). Human urinary MCP-1/CCL2 was quantified by ELISA 

(Quantikine®, R&D Systems; Minneapolis, MN, USA).   

 The MCP-1 stock standard (2000pg/ml) was prepared by 

reconstituting 10ng of standard with 5ml of RD5L (1X) calibrator diluent 

[RD5L (1X); 10ml of RD5L and 40ml of deionized water)]. This MCP-1 stock 

standard was used for making serial dilution of various working standards 

(STD) such as 1000pg/ml (STD-1), 500pg/ml (STD-2), 250pg/ml (STD-3), 

125pg/ml (STD-4), 62.5pg/ml (STD-5) and 31.2pg/ml (STD-6).                                                          

 The plate lay-out was prepared by assigning wells for MCP-1 

standards (A1-G2), blanks (H1 and H2) and urine samples (A3-H12) and all 

samples (standards, blanks and urine samples) were assayed in duplicate. As 

per lay-out, 200ul of each working standards were pipetted from high 

concentration standard (STD-1; 1000pg/ml, in A1 and A2 wells) to lowest 

concentration standard (STD-6; 31.2pg/ml, in G1 and G2 wells). The 200ul of 

calibrator diluent was added to each well (H1 and H2), as a blank. As 2-fold 

dilution of urine samples was recommended, 100ul of calibrator diluent was 
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added followed by adding 100ul of urine sample to each well. The plate was 

covered by adhesive strip and incubated for 2 hours at room temperature. 

 After the incubation period, fluid from each well was aspirated 

completely, followed by washing steps. In the washing procedure, each well 

was filled with 400ul of wash buffer (wash buffer was prepared by taking; 

20ml of wash buffer and q.s. to 500ml with deionized water). The wash buffer 

was aspirated completely from each well. This washing procedure was 

repeated 3 times and, at last, the plate was inverted and blotted against tissue 

paper to soak any remaining buffer. 

 Anti-human MCP-1 conjugate (200ul) was added to each well and 

the plate was covered with adhesive strip and incubated for 1 hour at room 

temperature. After incubation, fluid from each well was aspirated and washed 

3 times as performed previously. 

 Freshly prepared 200ul of Substrate solution [(substrate solution; 

12.5ml of stabilized hydrogen peroxide (solution A) was mixed with 12.5 ml 

of stabilized chromogen, (tetramethylbenzidine; solution B)] were added in 

each well and incubated for 20 minutes at room temperature in darkness. The 

blue colour of various intensities was observed in working standards and 

samples. 50ul of Stop solution (2N sulphuric acid) was added to each well 

which resulted in change of blue colour to yellow colour. Finally, the plate 

was read for the quantification of urinary MCP-1. 

  The optical density of samples was read using the microplate reader 

(Synergy 2, BioTek® Instrument, Inc., USA). The plate was read at 450nm 

with the wavelength correction set at 540nm. The standard curve was 

generated based on standards and concentration of samples was calculated by 
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the microplate data collection and analysis software, Gen5 version 1.08.                                     

 The measured concentration of MCP-1 was multiplied by 2 (dilution 

factor), as samples were diluted. The concentration of MCP-1 was used for 

association with renal outcome using statistical software. 

 

2.6. Histopathological Classifications:     

 Renal allograft biopsy is a standard gold method to evaluate 

undetermined cause of renal dysfunctional or recurrent glomerular disease. It 

is an invasive procedure which is performed on the renal graft by indication of 

delayed graft functioning, increase in serum creatinine levels (acute or 

chronic) by at least 20% of the baseline levels, proteinuria >1g  (Racusen et 

al., 1999; Serón et al., 2008; Kazi and Mubarak, 2012). In this thesis, all the 

renal allograft biopsies were indicated (i.e. unknown cause of increased serum 

creatinine levels by 20%). 

 Renal graft tissues were microscopically examined for pathological 

features by pathologists, at the Department of Pathology, SIUT. The 

pathological conditions were categorized according to Banff 97 classification 

and its updates (Racusen et al., 1999). The major histopathological findings 

include rejection (cellular or vascular rejection), drug toxicity, pyelonephritis, 

interstitial fibrosis and tubular atrophy etc. These histopathological events 

occurred as a single event or a combination of events.  
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2.7. Statistical Analysis: 

 The data were analyzed using Statistical Package for Social Sciences 

for Windows® (SPSS® version 17; SPSS Inc., Chicago, IL, USA) and 

MedCalc® statistical software (version 12.7.5) for Windows® 

(http://www.medcalc.org/). The specific tests were applied to analyze data and 

explained in detail in their respective chapters. 
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3. The effect of chemokine receptors genes polymorphisms 

(CCR2V64I, CCR5-59029G>A and CCR5Δ32) on renal 

allograft survival in Pakistani transplant patients. 
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3.1.   Introduction:  

Recent advances in understanding the role of the immune system in 

kidney allograft tolerance has markedly improved the short-term graft survival 

rate (<15% acute rejection/year; Nankivell and Alexander, 2010). However, 

long-term graft survival is still a major problem. Events that may influence the 

short and long-term graft survival include acute rejection, chronic rejection, 

interstitial fibrosis and tubular atrophy (IFTA) and delayed graft function. 

Several immune-regulatory molecules have been implicated in allograft 

rejection. Variations in the genes that encode these molecules have been 

shown to influence their expression and function.  Chemokines and their 

receptors are implicated in kidney transplant rejection (Fischereder and 

Schroppel, 2009; Goldfarb-Rumyantzev et al., 2010; Bedognetti, 2011).  

Chemokine receptor 2 (CCR2) is specific for the monocyte 

chemotactic protein-1 (MCP-1). It is expressed on the surface of monocytes, 

activated memory T cells, B cells and basophils. It plays an important role in 

attracting the monocytes and T-cells to the site of injury. A point mutation (G 

to A) in the CCR2 gene at codon position 64 leads to an amino acid change 

from valine to isoleucine (V64I) in the trans-membrane region of the protein. 

This polymorphism has been shown to be correlated with the reduction of 

CCR2 function in the antiallograft immune response and to be involved in the 

down modulation of CCR5 expression which plays an important role in graft 

rejection (Segerer et al., 2001; Nakayama et al., 2004). CCR2+/64I 

(heterozygous for minor allele) and CCR2-64I/64I (homozygous for minor 

allele) have been found to be associated with the reduced incidence of 

rejection episodes (Hancock, 2002; Yigit et al., 2007; Singh et al., 2008). 
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Contradictory results have been reported by Gorgi et al. (2011), who have 

concluded that the CCR2-64I allele is involved in an increased risk of acute 

rejection in Tunisian allograft recipients.    

The pro-inflammatory chemokines, RANTES (regulated on activation 

normal T-cell expressed and secreted protein) and MIP-1 (macrophage 

inflammatory protein-1) interact specifically with the CCR5 receptor. This 

receptor is expressed on activated memory T cells, natural killer cells, 

immature dendritic cells and monocytes/macrophages. It is involved in the 

inflammatory response, immune cell trafficking, angiogenesis and metastasis. 

Polymorphisms of the CCR5 gene have been shown to be associated with 

renal allograft rejection (Krensky and Clayberger, 2011). A promoter region 

polymorphism (59029G>A) of CCR5 increases the expression level and 

subsequently its activity by attracting monocytes or T-cells. Therefore, the 

allograft recipients carrying the A/A genotype of CCR5-59029G>A 

polymorphism have poor graft survival or repeated rejection episodes (Cha et 

al., 2009). Conflicting results have also been reported in different populations 

that show a reduction of the incidence of AR in the A/A and G/A genotypes 

(Abdi et al., 2002; Yigit et al., 2007; Omrani et al., 2008). The other mutant 

form of CCR5 gene is CCR5Δ32, in which the deletion of a 32 base-pair 

sequence results in a nonfunctional receptor (Omrani et al., 2008).  

Fischereder et al., (2001) have shown that the mutant receptor significantly 

influences renal allograft survival. These observations suggest that the same 

genetic variation may play different roles in different ethnic groups in the 

context of allograft outcome.  
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This study was carried out to determine the role of polymorphisms of 

the CCR2 and CCR5 genes in long term graft survival among kidney allograft 

recipients in our population. The effects of the donor’s genotype on the 

allograft outcome were also evaluated.   

3.2. Material and Methods: 

 This study was conducted on consecutive patients that received kidney 

transplants between June 2009 and February 2011 at the Sindh Institute of 

Urology and Transplantation (SIUT). The research protocol was approved by 

the Institutional Review Board and conformed to the Tenets of the Declaration 

of Helsinki. Written informed consent was obtained from all the subjects.  

 
Inclusion and Exclusion Criteria of Patients and Donors:  
 

All patients undergone live-related renal transplant procedure for the 

first time. Recipients received kidney from their blood/law related donors 

(N=606). Donors were selected after comprehensive pre-transplant evaluation 

i.e. examination for the presence of any disease, donor-recipient 

immunological match, non-obese (Body Mass Index of 18-25) etc.  

During post-transplantation, patients with unknown cause of renal 

dysfunction underwent renal graft biopsy procedure. Based on Banff 97 

classification and its updates, the cases were categorized as rejection (non-

stable group) and non-rejection (stable group) (Racusen et al., 1999). 

A total of one thousand two hundred and twelve (1212) individuals 

from different regions of Pakistan have been included in this study. The cohort 

consists of six hundred and six (n=606) renal transplant recipients and an 

equal number of relatives who were living donors.                                                                                                                  
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  Complete demographic data including age, gender and relationship of 

donors with the recipients are summarized in Table 3.1. Pre-operative data and 

post-operative data are provided in Table 3.2.  

Table 3.1.  Description of Recipients and Donors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* Consanguineous   ♦ Cousins 
 
Table 3.2. Pre- and Post-operative parameters of patients. 

 

Cold Ischemic Time (minutes) 122.11±26.18 (minutes) 
HLA Match(A/B/DR) 

Identical match 109 (18.1%) 

Non-identical match 493 (81.8%) 
Induction 

No induction 521 (86%) 

ATG 51 (8.4%) 

Simulect 34 (5.6%) 

Immunosuppressive drugs therapy 

Cyclosporine 461(76.1%) 

Tacrolimus 59 (9.7%) 

Cyclosporine to tacrolimus 85 (14%) 

Tacrolimus to cyclosporine 1 (0.2%) 

                                              Donors                            Recipients 

Total Number (n)                   606                                     606 

Gender                                          

        Female                          257 (42.4%)                  125 (20.6%) 

        Male                             349 (57.6%)                   481 (79.4%) 

Mean Age                            34.89 ± 10.15                30.13 ±10.73 

Relation of recipient with donor 

Sibling                                  332 (54.8%) 

Parents                                 156 (25.7%) 

Offspring                              42 (7%) 

Wife/ Husband *                  58 (9.6%) / 8 (1.3%)                           

Other blood relatives♦         10 (1.6%) 
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3.2.1. Genotyping of CCR2V64I, CCR5-59029G>A and CCR5Δ32 

Polymorphisms: 

Blood samples (4 ml) of each recipient and donor were collected in 

EDTA containing vacutainers before renal transplantation. DNA was purified 

by the standard phenol-chloroform-isoamyl alcohol method as described 

earlier. 

The genotyping of CCR2V64I, CCR5-59029G>A and CCR5Δ32 

polymorphisms was performed with some minor modifications using specific 

primers as described by Abdi et al. (2002). The detailed methods are given 

above in the materials and methods section. The primer sequences for 

amplification of CCR2V64I, CCR5-59029G>A and CCR5Δ32 

polymorphisms and their product sizes are listed in Table 3.3.  
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Table 3.3: Primers sequences and product sizes of CCR2V64I, CCR5- 59029G>A and CCR5Δ32. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Abdi et al., 2002; 
 

FP = Forward Primer; RP = Reverse Primer; bp = base-pair 

  Polymorphisms Primer Sequence Product Size 

CCR5-59029G>A* 
FP: 5'-CCCGTGAGCCCATAGTTAAAACTC-3'                      

RP: 5'-TCACAGGGCTTTTCAACAG'TAAGG-3' 
268 bp 

CCR2V64I* 
FP: 5'-TTGGTTTTGTGGGCAACATGATGG-3'                       

RP: 5'-CATTGCATTCCCAAAGACCCACTC-3' 
173 bp 

 CCR5Δ32* 
FP: 5′-TGTTTGCGTCTCTCCCAG-3′ 

RP: 5′-CACAGCCCTGTGCCTCTT-3′ 

233bp (wild type)                   

201bp (del. type) 
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3.2.2 Statistical Analysis: 

The clinical and genotyping data for the patients and controls were 

analyzed using the Statistical Package for Social Sciences software (SPSS 

version 17; SPSS Inc., Chicago, IL, USA). The χ² goodness of fit test was used 

to check Hardy-Weinberg Equilibrium (HWE). The association of CCR2V64I, 

CCR5-59029G>A and CCR5Δ32 with clinical features was analyzed using the 

chi-squared test of independence with the appropriate degree of freedom. The 

strength of the association was measured by odds ratio (OR) with a 95% 

confidence interval (CI). A p-value of less than 0.05 was considered to be 

significant. Statistical significant factors were selected as co-variable in binary 

logistic regression to model the event probability for a categorical response 

variable i.e. rejection or non-rejection. The cumulative rejection-free survival 

time of renal allograft was calculated by Kaplan-Meier (KM) curve and the 

log-rank test was used to calculate the statistical significance for the mean 

time of renal allograft rejection among the CCR2 and CCR5 polymorphism 

genotypes. 

 

3.3. Results: 

A total of 1212 kidney transplant recipients and their donors were 

analyzed in this study. The patients’ data are summarized in Table 3.1 and 3.2. 

All the allografts were from living, genetically related donors. This study was 

categorized into different parts in order to better understand the role of CCR2 

and CCR5 gene polymorphisms in transplant rejection. At first, the overall 

frequencies of CCR2V64I, CCR5-59029G>A and CCR5Δ32 genotypes were 

analyzed between donors and recipients as shown in Table 3.4. In the second 
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step, the transplant recipients were classified into two groups on the basis of 

biopsy proven graft status; stable graft function group (non-rejecters) and non-

stable graft function group (rejecters). The demographic characteristics of 

patients with stable and non-stable graft are given in Table 3.5a. Both groups 

were compared for the chemokine receptor gene polymorphisms. The 

genotypic frequencies of both the groups are given in Table 3.5b. The effects 

of donor genotypes on the outcome and survival of allograft were also 

analyzed (Table 3.6). Lastly, the role of the donor’s gender on the outcome of 

allograft related to chemokine receptor gene polymorphisms was evaluated 

(Table 3.7).  

The overall occurrence of rejection in our patient cohort was 26% 

while 74% patients had stable graft function. Out of the 26% allograft 

rejection patients, only 6% patients required post transplant dialysis. The 

stable graft group included 353 (78.6%) males and 96 (21.4%) females while 

the non-stable graft group comprised of 128 (81.5%) males and 29 (18.5%) 

females. There was no difference in the mean age of the stable graft vs. the 

non-stable graft groups (30±10 years). The mean time for cold ischemia 

between the stable and non-stable graft groups was almost the same (122±25 

and 121±28 minutes respectively).  

 

3.3.1. Association of CCR2V64I genotypes and alleles with renal allograft 

rejection:  

For the analysis of CCR2V64I polymorphism, DNA from 606 renal 

allograft recipients and 573 donors was screened. The overall frequency of 

CCR2-64V (G) allele was 91% in the recipients and 90.9% in the donors. The 



 

73 
 

CCR2-64I (A) allele was present in 9% recipients and 9.1% donors.  The 

frequencies for the three possible genotypes i.e. GG, GA, AA were 82.2%, 

16% and 1.2% in the recipients and 82.5%, 16.8% and 0.7% in the donors 

respectively (Table 3.4). The donor and recipient populations were in Hardy-

Weinberg Equilibrium (HWE) with respect to the CCR2V64I genotypes 

(χ²=0.88, 1 df; P>0.05 and χ²=0.13, 1 df; P>0.05 respectively).  

In the non-stable graft group, the frequency of CCR2 GG genotype 

was higher (90%) when compared with the stable graft group (80%). The GG 

genotype is significantly associated with a high risk of graft rejection with a 

P=0.009, OR=2.14 (95% CI=1.2-3.7). However, the CCR2 G/A genotype 

(P=0.005, OR=0.4, 95% CI=0.2-0.7) alone and in combination with the A/A 

(P=0.009, OR=0.4, 95% CI=0.2-0.8) was associated with a reduced risk of 

graft rejection (Table 3.5b). 

Further, the effect of the genotype of the donor on the graft outcome 

was also investigated. It was observed that the frequency of CCR2 G/G 

genotype was slightly higher in the donors for the non-stable graft group 

(85.2%) as compared to the stable graft group (81.6%) while the frequency of 

CCR2 A/A genotype was higher in the donors of the stable graft group 

(17.4%) compared with the non-stable graft group (14.7%). However, the 

difference was not statistically significant (Table 3.6). Table 3.7 shows the 

correlation between the CCR2V64I genotypes, the sex of the donor and the 

incidence of graft non-stability. A higher risk of acute rejection was evident 

when the donors were females with the CCR2 G/G genotype (P=0.02, OR 2.6, 

95% CI=1.1-6.3). No significant association was found with any CCR2 

genotype in the case of male donors. Moreover, both the G and A alleles of 
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CCR2 did not show any significant association with other risk factors such as, 

the recipient’s age, the donor’s age, ethnic background and cold ischemia time 

etc. for allograft failure.  

 

3.3.2. Association of CCR5-59029G>A genotypes and alleles with 

rejection:  

  A total of 605 recipients and 599 donors were analyzed for the CCR5-

59029 G>A polymorphism. The overall frequency of CCR5-59029G>A (G) 

allele was 54.5% in the recipients and 52% in the donors while the A allele 

was present in 45.5% in the recipients and 48% in the donors (Table 3.4). 

When genotypic frequencies were compared among donors and recipients, it 

was observed that the frequency of the GG genotype was slightly higher in the 

recipients than the donors (33.8% vs. 30.7% respectively).  However, there 

was no difference in the frequencies between donors and recipients with the 

AA and GA genotypes (Table 3.4).   

  No significant difference was observed between the recipients of stable 

and non-stable graft groups with all the three genotypes (Table 3.5b). 

Similarly no statistically significant difference was observed when the effect 

of donor genotypes was analyzed on allograft outcome (Table 3.6). When the 

G>A polymorphism was investigated in relation to the donor’s sex, it was 

observed that the kidney from male donors with homozygous G allele had a 

greater chance of graft rejection (P=0.04, OR=1.7, 95% CI=1.03-3.01; Table 

3.7). Additionally, other risk factors for allograft failure such as, recipient’s 

age, donor’s age, recipient’s sex, ethnic background, cold ischemic time etc. 

were also checked for association with the CCR5 polymorphism. Results 
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showed no significant association between the CCR5 polymorphism and the 

risk factors for graft failure.    

3.3.3. Association of CCR5Δ32 genotypes and alleles with renal rejection:  

For the analysis of CCR5Δ32 polymorphism, 593 recipient and 601 

donor DNA samples were analyzed. The overall frequencies of the CCR5Δ32 

wild type (+/+) allele and Δ32/Δ32 allele were similar in the recipients and 

donors (98% for the +/+ allele and 2% for the Δ32/Δ32 allele respectively). 

The frequencies for all three possible genotypes i.e. +/+, +/Δ32 and Δ32/Δ32 

were 96.1%, 3.7% and 0.2% in the recipients and 96%, 4% and 0% in the 

donors respectively (Table 3.4). The CCR5Δ32 genotypes of donors and 

recipients were in HWE (χ²=2.46, 1 df; P>0.05 and χ²=0.23, 1 df; P>0.05 

respectively).  

No statistically significant association was observed between the 

CCR5Δ32 allele frequencies and allograft outcome (Tables 3.5b and 3.6). 

Similarly, no significant effect of CCR5Δ32 genotypes was observed with 

respect to the donor’s sex on allograft outcome (Table 3.7).   

 

 



 

76 

Table 3.4: Genotypic and allelic frequencies of CCR2V64I, CCR5-59029G>A and 

CCR5Δ32 in the allograft recipients and their donors. 

Chemokine Receptors Recipient frequency (%) Donor frequency (%) 

CCR2 V64I (n=606) (n=573) 

G/G 502(82.2%) 473(82.5%) 
G/A 97 (16%) 96(16.8%) 
A/A 7 (1.2%) 4(0.7%) 
G allele 91% 90.9% 
A allele 9% 9.1% 

CCR5- 59029G>A Recipients (n=605) Donors (n=599) 

G/G 206 (33.8%) 186 (30.7%) 
G/A 247 (40.8%) 257 (41.8%) 
A/A 152 (25.1) 163 (26.5%) 
G allele 54.5% 52% 
A allele 45.5% 48% 

CCR5 Δ32 Recipients (n=593) Donors (n=601) 

+/+ 570 (96.1%) 578 (96%) 
+/Δ32 22 (3.7%) 23 (4%) 
Δ32/Δ32 01(0.2) 0(0) 
+ allele 98% 98% 
Δ32 allele 2% 2% 
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Table-3.5a: Clinical characteristics of renal transplant patients and rejection group  
 Non-Rejection 

(n=449) 
Rejection 
(n=157) P-value OR (95% Cl) 

 Recipient age  in years 
(mean ±SD) 30.5±10.6 29.4±10.7 0.286 -- 

Age Range ( min-max) (8-58) (8-60)   

Recipient gender (M/F) 348(78.2%)/97(21.8%) 126(81%)/30(19%) 0.569 1.17 (0.741-1.85) 

BMI  20.4±3.3 20.8±3.5 0.317 -- 

Range ( min-max) (11-38) (13-31)   

Donor age in year  
(mean ± SD) 34.1±10.2 36.4±9.6 0.016* -- 

Age range (18-65) (15-58)   

Donor gender (M/F) 273(61.3%)/172(38.7%) 78(50%)/78(50%) 0.014* 0.630(0.436-0.910) 
ESRD 
Unknown disease 
Stone disease 
Glomerular diseases 

 
274(72.3%) 
56(15.5%) 
32(12.2%) 

 
102(77%) 
16(12%) 
15(11%) 

0.394  
-- 

HLA Match at A/B/DR 
1 H – 3 Ags 
1 H – 4 Ags 
1 H – 5 Ags 

 
43(44.8%) 
29(30.2%) 
10(10.4%) 

 
6(27.3%) 
8(36.4%) 
4(18.2%) 

0.000* 

 

Immunosuppressive drugs 
CsA, Aza, Pred 
CsA, MMF, Pred 
Tac, MMF, Pred 

 
378(85%) 
23(5.2%) 
43(9.6%) 

 
134(85.4%) 
6(3.82%) 
17(10.8%) 

0.728 

 

 
SD= Standard deviation; H= Haplotype; Ags= Antigens; CsA= Cyclosporin A; MMF=Mycophenolate;Aza = Azathioprine, Pred= Prednisolone; ESRD = End-stage renal disease; BMI= Body Mass Index 

                * indicates significant value   
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Table 3.5b: Genotypic frequencies in the groups of patients with and without rejection history 

 

Genotype Stable graft Non-Stable graft P-value Odds Ratio 95%CI 

CCR2V64I 

GG 361 (80%) 141 (90%) 0.009 2.14 1.2-3.7 

A/A 5(1.11%) 2(1.2%) 1 1.1 0.2-5.9 

G/A 83 (18.5%) 14 (8.9%) 0.005 0.4 0.2-0.7 

G/A+A/A 88(15.3%) 16(2.8%) 0.009 0.4 0.2-0.8 

CCR5-59029G>A 

GG 153 (34.1%) 53 (33.7%) 1 0.9 0.6-1.4 

A/A 177 (39.5%) 34 (21.6) 0.28 0.7 0.5-1.1 

G/A 118 (26.3%) 70 (44.5%) 0.29 1.2 0.8-1.7 

CCR5 Δ32 

+/+ 419(96%) 151(96.8%) 0.6 1.2 0.4-3.5 

+/Δ32 17(3.9%) 5 (3.2%) 0.8 0.8 0.2-2.2 

Δ32/Δ32 1 (0.2%) 0 (0%) - - - 
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 Table 3.6: Genotypic frequencies in the groups of donors with and without rejection history 
 

Genotype Stable graft Non-Stable graft P-value 

 
CCR2V64I 

 
Donors = 573 

G/G 346 (81.6%) 127 (85.2%)  
0.358 

 
A/A 74(17.4%) 22(14.7%) 

G/A 4(0.94%) 0 

 
CCR5-59029G>A 

 
Donors = 599 

G/G 131 (29.5%) 55(35.5%) 
 

0.381 
A/A 193(43.5%) 61 (39.3%) 

G/A 120(27%) 39 (25.2%) 

 
CCR5Δ32 

 
Donor = 601 

+/+ 426 (96.2%) 152 (96.2%) 
 
1 

+/Δ32 17(3.8%) 6 (3.8%) 

Δ32/Δ32 0 0 
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              Table 3.7: Association  of donor’s sex with CCR2V64I, CCR5-59029G>A and  

              CCR5Δ32 polymorphism 

 Stable graft Non-stable graft P value OR 95% CI 

 
CCR2V64I 

Male 
G/G 217(82.8%) 54(78.2%) 0.4 0.7 0.3-1.4 
G/A 43(16.4) 15(21.7%) 0.3 1.4 0.7-2.7 
A/A 2(0.76%) 0 - - - 

Female 

G/G 129(79.6%) 73(91.5%) 0.02 2.6 1.1-6.3 
G/A 31(19.13%) 7(8.75%) 0.03 0.4 0.17-0.9 
A/A 2(1.2%) 0 - - - 
 
CCR5-59029G>A 
Male 
G/G 77(28.3%) 30(41%) 0.04 1.7 1.03-3.01 
G/A 119(43.7%) 20(27.3%) 0.015 0.4 0.2-0.8 
A/A 76(28%) 23(31.5%) 0.5 1.1 0.6-2 

Female 

G/G 54(31.3%) 25(30.4%) 1 0.9 0.5-1.6 
G/A 74(43%) 41(50%) 0.3 0.7 0.3-1.34 
A/A 44(25.5%) 16(19.5%) 0.3 1.3 0.7-2.2 
 
CCR5Δ32 
Male 
+/+ 260(95.6%) 75(96%) 1 1.1 0.3-4.1 
+/Δ32 12(4.4%) 3(4%) 1 0.8 0.2-3 
Δ32/Δ32 0(0%) 0(0%) - - - 

Female 

+/+ 166(97%) 77(96.2%) 0 0.7 0.1-3 
+/Δ32 5(3%) 3(3.8%) 0.9 1.2 0.3-5 
Δ32/Δ32 0(0%) 0(0%) - - - 

 
             O.R = Odd Ratio  
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3.3.4 Demographic characteristics of stable graft and Non-stable graft: 

               The demographic characteristics of patients with stable and non-stable 

graft were compared by univariate analysis. Results showed (i) donor’s age (p = 

0.016) (ii) donor’s gender (p = 0.014) and (iii) HLA match (p = 0.000) were 

significant between the two groups (Table 3.5a).  

   

Binary Logistic Regression: 

   Variables found to be statistical significant were selected as co-variable in 

binary logistic regression (LR). LR was applied to model the event probability for a 

categorical response variable with two outcomes (dependable variable; rejection or 

non-rejection). 

   The logistic regression showed that donor’s CCR5-59029 AA genotype, 

recipient’s CCR2 V64I AA, HLA match at 1 Haplotype 5 Antigens (1H-5 Ags) and 

identical match effect the likelihood that recipients have graft dysfunction. The 

model explained 29% (Nagelkerke R2 variation in the dependent variable) variance in 

renal rejection and correctly classified 76.3% of cases. Donor’s CCR5-59029 AA 

genotype was 2.53 times more likely to exhibit renal rejection compared to CCR5-

59029 GG genotype. However, recipient’s CCR2 V64I AA (0.385 times), and HLA 

match (1H-5 Ags match, 0.277 times and identical match 0.012 times) were 

associated with a reduction in the likelihood of exhibiting renal rejection (Table 3.8). 
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Table-3.8: Binary Logistic Regression  
 

B S.E. Wald df Sig. Exp(B) 
95% C.I. for EXP(B) 
Lower Upper 

 

Recipient age -.014 .012 1.368 1 .242 .986 .963 1.010 
Donor age .011 .011 .923 1 .337 1.011 .989 1.034 
Recipient gender .361 .279 1.674 1 .196 1.435 .830 2.479 
Donor gender -.203 .237 .738 1 .390 .816 .513 1.298 
Recipient CCR5-59029   1.696 2 .428    

CCR5-59029(GG) .109 .322 .114 1 .736 1.115 .593 2.094 
CCR5-59029 (AA) .337 .267 1.590 1 .207 1.401 .830 2.365 
Donor CCR5-59029   11.157 2 .004    

CCR5-59029 (GG) .399 .324 1.517 1 .218 1.490 .790 2.812 
CCR5-59029 (AA) .930 .288 10.428 1 .001 2.534 1.441 4.455 
Recipient CCR2 V64I   6.582 2 .037    

CCR2V64I (GG) -.065 .963 .005 1 .946 .937 .142 6.185 
CCR2V64I (AA) -.954 .372 6.570 1 .010 .385 .186 .799 
Donor CCR2 V64I   .363 2 .834    

CCR2 V64I (GG) .510 1.522 .112 1 .738 1.665 .084 32.889 
CCR2 V64I (AA) .157 .299 .277 1 .599 1.170 .652 2.102 
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B S.E. Wald df Sig. Exp(B) 

95% C.I. for EXP(B) 

Lower Upper 

BMI   2.578 2 .276    

BMI (26-50) -.606 .377 2.576 1 .109 .546 .261 1.143 
BMI (18-25) -.574 .491 1.366 1 .242 .563 .215 1.475 
HLA Match   30.547 8 .000    

1H-4 Ags Match -.550 .283 3.767 1 .052 .577 .331 1.005 
1H-5 Ags Match  -1.283 .360 12.733 1 .000 .277 .137 .561 
1H-6 Ags Match  -1.602 .813 3.880 1 .049 .201 .041 .992 
Zero Match  -.873 .764 1.306 1 .253 .418 .094 1.866 
BHD-1 Ag Match  -.522 .463 1.270 1 .260 .594 .240 1.470 
BHD-2 Ags Match -.834 .515 2.623 1 .105 .434 .158 1.191 
BHD-3 Ags Match  -21.313 19248.583 .000 1 .999 .000 .000 . 
Identical Match -4.423 1.032 18.379 1 .000 .012 .002 .091 
Constant -.303 .802 .143 1 .705 .738   

 

1H-4 Ags = 1 Haplotype 4 Antigens; 1H-5 Ags = 1 Haplotype 5 Antigens; 1H-6 Ags = 1 Haplotype 6 Antigens; BHD-1 Ag Match; both 
haplotypes are different 1antigen match; BHD-2 Ags Match; both haplotypes are different 2 antigens match; BHD-3 Ags Match; Both 
haplotypes are different 3antigens match; BMI= Body Mass Index
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3.3.5. Effect of chemokine receptor gene polymorphism on graft survival:

 Figure 3.1 shows the overall rejection-free graft survival in the patients 

with respect to CCR2V64I polymorphism. As described previously by Singh 

et al., (2008), the CCR2 GG genotype was compared with the GA and AA 

(GG vs. GA + AA) genotypes. A significant reduction in the mean time of 

rejection-free graft survival was observed in the CCR2 GG genotype (59±1.4 

vs. 68±2.6 weeks; log-rank P=0.008).   

 CCR5-59029G>A and CCR5Δ32 genotypes had no effect on the mean 

time of kidney rejection-free graft survival. The overall mean times of 

rejection-free graft survival were 60±1.3 weeks (log-rank P=0.46) and 60±1.3 

weeks (log-rank P=0.55) respectively.  
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Figure 3.1: Kaplan-Meier survival curve shows the overall rejection-free graft 

survival of the patients with CCR2V64I polymorphism (GG vs. AA+GA 

genotypes). 
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3.4. Discussion: 

End stage renal disease (ESRD) is a major health concern in the world 

(Schena, 2000). The estimated prevalence of ESRD in Pakistan is about 100 

per million (Rizvi et al., 2002). The major causes of ESRD in the adult 

population are renal stone, diabetes mellitus, hypertension and genetic factors. 

Congenital urological anomalies, glomerulopathies and genetic factors are 

common in children (Rizvi et al., 2002; Delucchi et al., 2006; Chacko et al., 

2007; USRDS, 2008). 

The ultimate choice for the treatment of ESRD is renal transplantation. 

Despite the progress in understanding rejection mechanisms and designing 

targeted drugs, the success rate of long-term graft (5 years) survival varies 

from 44% to 84% and patient survival varies from 74% to 100% globally. In 

Pakistan, the graft survival rate is 65% and patient survival rate in 5 years is 

75% (Rizvi et al., 2009). Allograft rejection mediated by the immune cells (T-

cells, B-cells), repeated infection episodes, interstitial fibrosis and tubular 

atrophy (IFTA) are major causes of early graft loss (Otukesh et al., 2006; 

Rizvi et al., 2009; Süsal et al., 2009). 

Chemokines that are released after renal injury are considered to be 

involved in the initiation of the immune response. These chemokines direct, 

recruit and regulate the immunological processes that lead to the perseverance 

or progression of renal disease (Anders et al., 2003). Certain chemokines and 

their receptors have been found to have high expression levels during the 

course of rejection (Bedognetti, 2011). It has been reported that CCR2 and 

CCR5 are among those chemokines whose ligand and receptor expression 
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increases during rejection (Morgun et al., 2006; Reeve et al., 2009; Saint-

Mezard et al., 2009; Krensky and Clayberger, 2011).  

This study reveals the effect of CCR2V64I polymorphism on renal 

graft outcome. Patients carrying the CCR2 GG genotype have statistically 

lower graft rejection time as compared to those that have other genotypes (GA 

and AA). The genotypic frequencies of CCR2 G/A (heterozygous) alone and 

in combination with CCR2 AA (homozygous mutant) were relatively higher in 

stable allografts. The KM curve also showed a significant reduction in the 

mean time of rejection-free graft survival in the GG genotype of CCR2 

compared to the AA+GA genotypes (59±1.4 vs. 68±2.6 weeks, respectively). 

These findings are in accordance to previous studies where it was shown that 

individuals with the A allele, either in the homozygous or heterozygous state, 

have a greater chance to accept the graft (Abdi et al., 2002; Hancock, 2002; 

Yigit et al., 2007; Singh et al., 2008). In contrast, Krüger et al., (2002) and 

Brabcova et al., (2007) have demonstrated that the CCR2V64I genotype does 

not affect either graft rejection or acceptance.  

Due to the low frequency of CCR5Δ32 homozygotes in the recipients 

and absence in the donors, it was not possible to assess any association with 

the increased or reduced risk of renal graft loss. The findings of this work 

support the results of Abdi et al., (2002) and Singh et al., (2009) that 

CCR5Δ32 had no effect on acute rejection. In contrast, a positive role of 

homozygous CCR5Δ32 allele and long-term allograft survival were reported 

by Fischereder et al., (2001). 

 Single nucleotide polymorphism of CCR5 in the promoter region                    

-59029G>A is another variant of interest in renal rejection/tolerance studies. 
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In vitro studies have shown that the CCR5-59029 A mutant type expressess 

high levels of CCR5 receptors on CD4+ T-cells (Mcdermott et al., 1998; 

Shieh et al., 2000). Recently, Gorgi et al., (2011) have reported an increased 

risk of rejection with the -59029 A allele in combination with the CCR2V64I 

A allele in the HLA matched recipients. In contrast to the above reports, the 

increased expression of CCR5 receptors have been suggested to be associated 

with a reduced rejection risk (Abdi et al., 2002; Yigit et al., 2007; Omrani et 

al., 2008). Hoffmann et al., (2004) reported that donors with the A allele of 

CCR5 experienced more episodes of allograft rejection (P=0.029) and also 

increased chances to develop IFTA (P=0.04). In the present study, the 

frequency of G and A alleles of CCR5 polymorphism were 54.5% and 45.5% 

respectively and neither of the alleles was significantly associated with 

allograft rejection or tolerance. 

 The results of this study revealed that the presence of the GG genotype 

of CCR2V64I polymorphism in allograft recipients is associated with a 

significantly higher number of rejection episodes. Donor’s gender may also 

affect the allograft outcome. In our study, the CCR2V64I GG genotype of 

female donors and CCR5-59029G>A GG genotype of male donors are found 

to be associated with the rejection episodes. The association of polymorphisms 

within these genes with the rejection episodes could be used for the early 

detection of possible graft rejection episodes. 

Further studies of immune-related genes (chemokines CXCL10, CCL2 

cytokines TNF, IL-10 etc),  polymorphisms and their expression (at mRNA or 

protein) levels in our renal cohort patients would expand our knowledge 

regarding our population genetics related to transplantation. 
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4. Urinary Interferon-gamma inducible protein-10 and its 

association with renal allograft rejection. 
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4.1. Introduction: 

Chemokines are signaling molecules that are released at the site of 

renal injury during the course of kidney allograft rejection. The evaluation of 

chemokine levels at the time of rejection has been reported to be a useful 

indicator of rejection events (Roedder et al., 2011; Pereira et al., 2012). 

Interferon-gamma inducible protein-10 (IP-10 or CXCL10) belongs to 

the CXC sub-group of the chemokine super family. It has chemotactic 

properties for T helper cells (Th1), natural killer cells (NK cells), dendritic 

cells (DCs), γδ T cells and macrophages (Bonecchi et al., 1998; Loetscher et 

al., 1998; Romagnani et al., 2001). It is secreted by several immune 

(leukocytes, neutrophils) and non-immune cells (epithelial cells, endothelial 

cells). It exerts its biological activity by binding to the CXCR3 receptors that 

are expressed on the immune cells, particularly T-cells. Both the IP-10 and 

CXCR3 receptors have a central role in the immune response against 

transplanted organs as they are potent chemoattractant for T-cells that lead to 

acute rejection (Panzer et al., 2004; Romagnani and Crescioli, 2012). 

IP-10 is induced by interferon-gamma which indicates its early 

involvement in allograft inflammation and renal injury. The finding of 

increased expression levels of IP-10 in blood (pre-transplant and post-

transplant) and urine of the allograft recipients have been shown to be 

associated with rejection, chronic allograft nephropathy and early graft loss 

(Rotondi et al., 2004; Lazzeri et al., 2005 ; Matl et al., 2010; Lo et al., 2011; 

Mao et al., 2011).  Elevated urinary IP-10 levels reduce the need for 

surveillance and indication biopsies by 61% and 64%, respectively (Hirt-

Minkowski et al., 2012). These findings suggest that the urinary IP-10 
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chemokine levels could provide a non-invasive and early monitoring marker 

for graft function.  

In the present study, urinary levels of IP-10 protein were determined in 

(a) biopsy-proven allograft rejection (b) biopsy-proven non-rejection cases and 

(c) in healthy controls. Further, IP-10 protein levels were also investigated for 

their association with rejection. 

 

4.2. Material and Methods: 

This study was approved by the Institutional Review Board (SIUT-

ERC/A03-2009) and conformed to the tenets of the declaration of Helsinki. 

Written informed consent was taken from all the participants. Based on our 

inclusion and exclusion criteria, a total of 206 urine samples were included 

from 206 individuals (118 transplant patients and 88 healthy donors). The 

urine samples (n=206) were comprised of rejection (n=96), non-rejection 

(n=22) and controls (n=88) (Figure 4.1). 

  

4.2.1. Inclusion and Exclusion Criteria:     

   This study includes only live, related renal transplant patients 

with biopsy-proven rejection and non-rejection events during the first post-

transplantation year. All were first transplants. The rejection cases were 

classified according to Banff 97 classification and its updates (Racusen et al., 

1999), as acute T-cell mediated rejection (ACR), borderline (BLR) and acute 

antibody-mediated rejection (ABMR). Cases showing intimal or transmural 

arteritis were classified as acute vascular rejection (AVR: IIA, IIB or III). 

Other histopathological diagnoses such as interstitial fibrosis and tubular 
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atrophy (IFTA), drug toxicity and bacterial or viral infection was excluded 

from the study, as were the biopsies showing more than one pathology in 

association with rejection. 

Healthy individuals were included in the control group. This included 

individuals selected as kidney donors with no known diagnosis of renal or 

other diseases.  

 

4.2.2. Samples Processing and IP-10 Quantification: 

Early morning urine samples were collected form healthy donors as 

well as patients who had undergone biopsy. Urine samples were collected 

prior to performance of the biopsy procedure(s). A total of 206 samples were 

collected and grouped into rejection (n=96), non-rejection (n=22) and controls 

(n=88). The samples were processed and quantified for IP-10 concentration by 

the enzyme-linked immunosorbent assay using human CXCL10/IP-10 

Quantikine ELISA kit (R&D Systems; Minneapolis, USA), as described 

earlier in methodology section. 

The optical density of samples was determined at 450nm/540nm using 

the microplate reader (Synergy 2, BioTek® Instrument, Inc, USA). A standard 

curve was generated using the IP-10 standards and the concentration of 

samples was calculated by the microplate data collection and analysis 

software, Gen5® version 1.08. Each sample was assayed in duplicate for IP-10 

protein levels and the average value was used for statistical analysis. 
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Figure 4.1: Schematic representation of samples for urinary IP-10 study. A total of 206 urine samples were included in this 

study based on our criteria. It consists of 118 urine samples collected prior of graft biopsy procedure from renal transplant patients, 

diagnosed as Rejection (n=96) and Non-Rejection (n=22). Eighty-eight samples of healthy donors as controls. 
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4.2.3. Statistical Analysis: 

The statistical analyses were carried out with Statistical Package for 

Social Sciences SPSS for Windows (version 17; SPSS Inc., Chicago, IL, 

USA). The mean values of IP-10 concentration in the rejection, non-rejection 

and control cases were determined. Additionally, the mean concentration of 

IP-10 protein across different sub-classifications of rejection was also 

investigated.  Urinary IP-10 concentrations in rejection, non-rejection and 

control cases were compared using non-parametric tests (Kruskal-Wallis, 

Mann-Whitney) at significance level of p<0.05.  The Receiver Operating 

Characteristic (ROC) curve analysis was used to determine the concentration 

of IP-10 protein for predicting rejection. The diagnostic power of IP-10 (area 

under curve (AUC), sensitivity and specificity) was calculated using 

MedCalc® statistical software (version 12.7.5: http://www.medcalc.org/).  

Based on the urinary IP-10 protein concentrations, the renal transplant 

patients with biopsies cases (n=118) were classified into 3 categories as 

<100pg/ml, 100-200pg/ml and >200pg/ml. The Kaplan-Meier (KM) and log-

rank tests were applied to determine the significant differences in renal 

allograft rejection-free survival time among these categories. 

 
4.3. Results: 

4.3.1. Clinical Characteristics of Study Groups: 

The detailed characteristics of the renal transplant patients and controls 

are provided in Table 4.1. Renal transplant patients with rejection included 78 

(81%) males and 18 (19%) females, with a mean age of 27±1 years. The non-

rejection patients consisted of all males with mean age of 31±2.3 years. The 

mean age of the control group mean age was 35±1 years with 42 (48%) males 
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and 46 (52%) females. The mean age of the donors in the rejection and non-

rejection groups was 37±1.1 and 29±1.6 years respectively. The serum 

creatinine level was 1.9±0.1 (mg/dl) in rejection and 1.6±0.1 (mg/dl) in non-

rejection group.  

Renal transplant patients were on standard triple drug 

immunosuppressive regimen, consisting of calcineurin inhibitors 

[Cyclosporine (CsA) or Tacrolimus (TAC)] with either Mycophenolate 

mofetil (MMF) or Azathioprine (Aza) and steroids (Prednisone). Patients with 

poor HLA match were given IL-2 receptor blocker (Simulect) or ATG 

(Antithymocyte globulin) as induction therapy. 

A total of 118 urine samples from renal transplant patients included 96 

samples from rejection and 22 from non-rejection cases. The histopathological 

findings of rejection were further categorized as cases of ACR IA+IB (n=63), 

AVR IIA+IIB (n=9) and BLR (n=24). The biopsy-proven cases of acute T-cell 

mediated rejection were treated with steroids (Methylprednisolone) and either 

cyclosporine or tacrolimus. Cases showing steroid resistance and intimal 

arteritis (AVR IIA or IIB) were treated with the ATG.     
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Table 4.1: Clinical characteristics of patients across study groups 

 Rejection 
(n=96) 

Non-Rejection 
(n=22) Control  (n=88) 

Age  in years (mean ± Std Error) 27±1.0 31±2.3 35±0.96 
Age range (years) 10-55yrs 18-48yrs 19-56yrs 
Gender (M/F) 78/18 22/0 42/46 
ESRD 
Unknown 
Stone disease 
Glomerulonephritis 

 
62(64.6%) 
12(12.5%) 
12(12.5%) 

 
10(45.5%) 
8(36.4%) 
2(9.1%) 

- 

Pre-transplant Dialysis duration ( months) 4.2±0.7 3.7±0.7 - 
Donor Gender (M/F) 40/56 9/13 - 
Donor Age in year (mean ± Std Error) 37±1.1 29±1.6 - 
Donor-Recipient HLA match at A, B and DR locus 
1 H – 3 Ags 
1 H – 4 Ags 
1 H – 5 Ags 

 
43(44.8%) 
29(30.2%) 
10(10.4%) 

 
6(27.3%) 
8(36.4%) 
4(18.2%) 

- 

Ischaemia Time (minutes) 120±5 96±6.6 - 
Serum Creatinine levels at time of biopsy (mg/dl; mean ± Std Error) 1.9±0.08 1.6±0.10 - 
Best Serum Creatinine levels (mg/dl; mean ± Std Error) 1.1±0.03 1.1±0.53 - 
Primary Immunosuppressive drugs 
CsA, Aza, Pred 
CsA, MMF, Pred 
Tac, MMF, Pred 
Tac, Aza, Pred 

 
84(87.5%) 
2(2.1%) 
9(9.4%) 
1(1.0%) 

 
17(77.3%) 

-- 
4(18.2%) 
1(4.5%) 

- 

Induction therapy 
No Induction therapy 
ATG 
Simulect 

 
80(83.3%) 
7(7.3%) 
9(9.4%) 

 
17(77.3%) 
4(18.2%) 
1(4.5%) 

- 

Anti-rejection therapy 
ATG 
Solumedrol (Methylprednisolone) 

 
37(38.5%) 
59(61.5%) 

-- 
-- - 

ESRD= end-stage renal disease, H= Haplotype, Ags = Antigens, CsA= Cyclosporine, Aza = Azathioprine, Pred= Prednisone,                         
MMF= Mycophenolate mofetil, Tac = Tacrolimus, ATG= Antithymocyte globulin, Std Error = Standard Error. 
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4.3.2. Urinary levels of IP-10 and their association with renal allograft 

rejection: 

The mean urinary IP-10 protein levels among the controls, rejection and 

non-rejection cases are summarized in Table 4.2. The lowest value of IP-10 in 

the controls was within a range of 0-112pg/ml. However, rejection cases 

showed increased IP-10 levels with a mean concentration of 228±44pg/ml. 

Among the sub-classification of rejection cases, the highest mean value of IP-

10 was detected in the acute tubulointerstitial rejection (ACR IA and IB) 

(257±52pg/ml) followed by BLR (196±110pg/ml) and intimal arteritis (AVR 

IIA and IIB) (113±54pg/ml). Further, the mean value of IP-10 for non-

rejection (NAD) samples was 60±25pg/ml. 

 

Table 4.2: Urinary levels of IP-10 among different histopathological     

groups and controls 

Groups Mean IP-10 (pg/ml) 

NAD (n=22) 60 ± 25 

BLR (n=24) 196 ± 110 

ACR (IA+IB) (n=63) 257 ± 52 

AVR (IIA+IIB) (n=9) 113 ± 54 

Control (n=88) 10.5 ± 2.5 

 

NAD=No abnormality detected; BLR=Borderline rejection; ACR=Acute 

cellular rejection; AVR=Acute vascular rejection; Mean ± Standard Error.  

 

Statistical analysis showed significant differences in urinary IP-10 levels 

between the allograft rejection and control cases (P<0.001) as well as the 

rejection and non-rejection cases (P=0.004; Figure 4.2).  
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Analysis of IP-10 among different categories of graft rejection cases (i.e. 

ACR [IA, IB], AVR [IIA, IIB] and BLR) with non-rejection (NAD) cases 

showed significant differences between ACR (IA, IB) and NAD (P<0.001). 

However, no significant differences were found in BLR vs. NAD (P=0.453) 

and AVR (IIA, IIB) vs. NAD (P=0.086; Figure 4.3). Additionally, when sub-

classified rejection groups were compared, significant difference was found in 

ACR (IA, IB) vs. BLR (P=0.019)while no significant difference was found in 

ACR (IA, IB) vs. AVR (IIA, IIB) and AVR (IIA, IIB) vs. BLR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

102 

 

 

 

 

 
 

Figure 4.2: Urinary levels of IP-10 in rejection, non-rejection and control 

groups. IP-10 levels of rejection were significantly higher from non-rejection 

(P=0.004) and control (P<0.001) groups.  
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Figure 4.3: Urinary IP-10 levels among histopathological and control 

group. Significant difference was observed between ACR (IA+IB) vs. NAD 

(P<0.001) group. No significant difference was found between BLR vs. NAD 

(P=0.453), BLR vs. AVR (IIA+IIB) (P=0.392) and AVR (IIA+IIB) vs. NAD 

(P=0.086).  
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4.3.3. ROC curve analysis for the different histopathological categories: 

The optimum cut-off point was selected which is defined as the value at 

which both the sensitivity and specificity was found to be maximum.  The 

Youden’s index was used for the selection of optimum cut-off point, 

calculated by MedCalc software. Table 4.3 lists the area under the curve 

(AUC), specificity and sensitivity among the rejection sub-types. The 

optimum cut-off point of IP-10 was found at 27 pg/ml with  Sensitivity (72%) 

and specificity (64%) and the area under the curve was 0.70±0.06 (95% CI: 

0.60-0.77) (Figure 4.4). Interestingly, at the same cut-off value of IP-10 

(27pg/ml), ACR (IA, IB) showed higher sensitivity (79%) with similar 

specificity (64%) and the area under the curve was 0.74. 

Table 4.3: ROC curve analysis for different histopathological categories 

Group AUC ± S.E   Cut off                        
(pg/ml) 

Sensitivity 
and 

Specificity 
P-value 

Rej vs. Non-Rej 0.70 ± 0.06 27 72/64 <0.001 

Rej vs. Control 0.87 ± 0.03 8.5 82/78 <0.001  

ACR(IA+IB) vs. NAD 0.74 ± 0.06 27 79/64 <0.001 

BLR vs. NAD 0.56 ± 0.09 21 54/59 0.450 

AVR(IIA+IIB) vs. NAD 0.70 ± 0.10 27 64/78 0.050 

ACR(IA+IB) vs. BLR 0.66 ± 0.07 23 81/50 <0.001  

ACR(IA+IB) vs. AVR 
(IIA+IIB) 0.60 ± 0.10 47 62/56 0.468 

BLR vs. AVR(IIA+IIB) 0.60 ± 0.11 11 46/89 0.343 

Rej = Rejection; AUC = Area under curve; S.E = Standard Error 
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Figure 4.4: Receiver operating characteristic (ROC) curve of urinary IP-

10. The true positive results (sensitivity) and false positivity (1-specificity) for 

urinary IP-10 levels as a marker for rejection are shown.  It showed an area of 

0.70±0.06 (95% confidence interval: 0.60-0.77) under the curve with 72% 

sensitivity and 64% specificity at a cut-off level of 27pg/ml. 
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4.3.4. Effect of urinary IP-10 level on rejection-free graft survival: 

  Rejection-free renal allograft survival time among the different 

urinary levels of IP-10 (<100pg/ml, 100-200pg/ml and >200pg/ml) showed 

statistically significant differences with rejection episodes (P<0.001; Figure 

4.5). For rejection, the highest mean time of rejection-free graft survival was 

observed with <100pg/ml IP-10 levels (9.26±1.1 weeks), which is followed by 

3.3±0.8 weeks and 3.7±1.0 weeks for 100-200pg/ml and >200pg/ml 

respectively. A significant difference was found in the mean-time of rejection-

free graft survival between <100pg/ml and >200pg/ml IP-10 levels (9.26±1.1 

vs. 3.7±1.1 weeks; log-rank P<0.001) and <100pg/ml and 100-200pg/ml 

(9.26±1.1 vs. 3.3±0.7 weeks; log-rank P=0.017). However, no significant 

difference was found in the mean-time of rejection-free graft survival between 

100-200pg/ml and >200pg/ml IP-10 levels (3.3±0.7 vs. 3.7±1.1 weeks; log-

rank P=0.968). 
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Figure 4.5: Kaplan-Meier survival was constructed using urinary IP-10 

levels (<100pg/ml, 100-200pg/ml and >200pg/ml). Number of events 

(rejection episodes) /total cases (96/118) was 58/77, 10/12 and 28/29 in 

<100pg/ml, 100-200pg/ml and >200pg/ml respectively. Recipients with IP-10 

levels less than 100pg/ml showed significantly higher rejection-free graft 

survival compared with patients having >200pg/ml (9.26±1.1 vs. 3.7±1.1 

weeks; log-rank P<0.001) and 100-200pg/ml (9.26±1.1 vs. 3.3±0.7 weeks; 

log-rank P=0.017) in 1 year of post-transplant duration.   
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4.4. Discussion: 

Although improved immunosuppressive drugs and advanced clinical 

care have helped to reduce the acute rejection rate, it remains a major 

challenge in transplantation. It has been shown that the early post-

transplantation period is the most critical for rejection (Varma et al., 2007). In 

our previous study, the incidence of renal allograft rejection was 26% during 

the first year post-transplantation (Firasat et al. 2012). In the present study, it 

was observed that 83% of the allograft rejection episodes occurred within 3 

months post-transplantation. Interestingly, the majority (66.7%) of the 

rejection cases occurred within the first month post-transplantation. Although 

early rejection episodes, predicted by urinary markers, may be prevented with 

therapeutic interventions, it remains a major risk factor for subsequent graft 

dysfunction/loss.  

In the present study, IP-10 concentration in urine of renal transplant 

patients at times of allograft dysfunction and biopsy findings of rejection and 

non-rejection was quantified during the first year post-transplantation. Urinary 

IP-10 levels were also determined in a healthy control group at the same time. 

The highest mean IP-10 concentration was found in rejection cases 

(228±44pg/ml) followed by non-rejection (60±25pg/ml) and controls 

(10.5±2.5pg/ml). A similar pattern of IP-10 levels has also been reported in 

other studies for rejection and non-rejection cases. These studies showed high 

IP-l0 levels (309±506pg/ml; >100pg/ml) in rejection episodes and low levels 

in chronic, stable and control cases (Hu et al., 2004; Khan, 2012). 

Previous studies have reported a correlation of increased urinary IP-10 

concentration with histopathological findings of rejection (Schaub et al., 2009; 
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Ho et al., 2011). In our study, increased level was also detected in the rejection 

group (P=0.004). However, when sub-classes of rejection groups i.e. ACR 

(IA, IB), AVR ( IIA, IIB) and BLR were compared with the non-rejection 

(NAD) group, only ACR (IA, IB)  vs. NAD showed statistically significant 

differences (P<0.001). No significant differences were observed in the AVR 

(IIA, IIB) vs. NAD and BLR vs. NAD groups. Our study is in agreement with 

Hirt-Minkowski et al (2012), even though the number of AVR cases (IIA, IIB) 

is low [N=9 (7.6%)], urinary IP-10 is not a good indicator of acute vascular 

rejection. This indicates that urinary IP-10 concentration does not reflect 

inflammation of the renal vascular compartment.  This could be restricted 

inflammation of the vascular region without a spill over into the urine. This 

results in low levels of IP-10 in urine 

Various studies have shown the association of urinary IP-10 levels with 

graft rejection and suggested it to be a clinically useful marker (Matz et al., 

2006). To delineate the clinical relevance of the test, ROC analysis in our 

study showed sensitivity and specificity of 72% and 64% respectively at 

27pg/ml. Similarly, Jackson et al. (2011) showed 80% sensitivity and 76% 

specificity at 28pg/ml.  Hu et al. (2004) also reported greater sensitivity 

(86.4%) and specificity (91.3%) with rejection at >100pg/ml. Further studies 

to evaluate the threshold levels at times of rejection would be helpful for 

determining the optimal cutoff value for the biomarker. 

Clinical and sub-clinical rejection can be predicted by IP-10-guided 

biopsies which would help in reducing the necessity of graft biopsies by 64% 

(Hirt-Minkowski et al., 2012). Suthanthiran et al. (2013) used a three-gene 

signature study that showed that elevated levels of IP-10 mRNA, 18S rRNA 
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and CD3ε mRNA could predict rejection with a sensitivity of 79% and 

specificity of 78%. They further showed that urinary IP-10 is associated with 

rejection.         

 Rotondi et al. (2004) have shown that high IP-10 level in serum lowers 

graft survival. The increased concentration of urinary IP-10 has also been 

shown to decrease graft survival. Our results show that cases with high IP-10 

levels (>100pg/ml) have significantly lower rejection-free graft survival rates 

as compared to the cases with low levels (<100pg/ml). 

There are some limitations in this study. It includes (1) only IP-10 in 

urine was determined as it provides non-invasive and convenient sample 

collecting approach and may better reflect any renal injury, as urine is in direct 

contact with transplanted renal organ. Measuring IP-10 in blood is also a less 

invasive method and has been reported to be associated with rejection. 

However, there are some draw backs with blood compared to urine, as the 

concentration of molecular marker are diluted in blood and are also mixed 

with other metabolites, proteins and peptides, that make it complicated to 

identify the location of injury (Christians et al., 2011). Determination of 

chemokines in urine as well as in blood at biopsy-proven rejection time and 

their association with renal allograft outcome may reflect the better choice of 

sample source. 

This was our initial study for the identification of urinary biomarkers. 

Number of non-rejection (n = 22) and also sub-types of rejection, AVR (n = 9) 

cases were also limited. Study other immune regulatory molecules such as 

Interferon-gamma, with increased sample size, would help to better 
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understand interferon-gamma-induced chemokines and their involvement in 

rejection. 

The present study is the first from Pakistan that shows elevated 

expression of IP-10 protein at the time of renal allograft rejection. In addition 

to other indicators like serum creatinine levels, it will be helpful as a routine 

non-invasive marker to predict the necessity of renal graft biopsy. 
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5. Urinary Monokine Induced by Interferon-Gamma and its 

Association with Renal Allograft Rejection 
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5.1. Introduction: 

Chemokines are major immunological players in the regulation of 

immune response. These signaling molecules are released at the site of injury 

that subsequently trigger immune activation. In transplantation, the activation 

of host immune system is a major threat to allograft rejection/graft 

dysfunction. The quantification of chemokines may be a useful indicator of 

host immune response against allograft. Recent investigations have showed 

that chemokines are good marker for graft functioning (Roedder et al., 2011; 

Pereira et al., 2012; Suthanthiran et al., 2013). 

Human Monokine induced by Interferon-Gamma (MIG or CXCL9) is 

a 103 amino acid protein that is classified as a CXC chemokine sub-family 

member (Farber, 1993). It is a chemoattractant for immune cells particularly 

for T-lymphocytes that are induced in response to interferon–gamma (INF-γ) 

(Whiting et al., 2004). MIG exerts its biological activity on T helper cells 

(Th1) via CXCR3 receptors (G-protein coupled receptors). Infiltration and 

accumulation of T-cells in/to transplant organ is the major phenomenon that 

leads to allograft rejection (Koga et al., 1999; Romagnani et al., 1999; Lazzeri 

et al., 2002; Auerbach et al., 2009; Asaoka et al., 2012). 

Human MIG chemokine could be an ideal biomarker for graft 

monitoring using non-invasive approach as it is involved in the early response 

of immune system (Hauser et al., 2005). The quantification of MIG in urine in 

rejection, non-rejection, stable graft and control groups could provide a 

correlation of this marker with the immune status of transplant patients. 

Additionally, urinary MIG level may help in identifying subject(s) with high 

risk for rejection and also guide the clinicians about the graft immune status. 
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 This study was carried out to determine the urinary levels of MIG in 

rejection, non-rejection, stable grafts and control groups in order to investigate 

its utility as a marker for the identification of graft rejection. 

 

5.2. Material and Methods: 

This study was approved by Institutional Review Board and conformed 

to the tenets of the declaration of Helsinki. Informed consent was taken from 

renal transplant patients as well as healthy renal donors. All patients were 

transplanted at Sindh Institute of Urology and Transplantation, (SIUT). A total 

of 266 urine samples from 266 participants were included based on inclusion 

and exclusion criteria.  

 

5.2.1. Inclusion and exclusion criteria:     

  This study includes (a) male or female of any age (b) first time renal 

transplant with no other organ(s) transplanted previously and (c) only live and 

blood related renal donors. Subjects were classified as (i) Rejection group, 

cases with biopsy-proven rejection and subsequently treated with anti-

rejection therapy (ii) Non-Rejection group, cases with biopsy proven non-

rejection (iii) Stable graft group, cases that have no history of biopsy and 

serum creatinine levels were maintained 0.5-1.5mg/dl during the first two 

months of post-transplantation and (iv) Control group, renal donors with no 

known diagnosis of renal disease and other diseases.  

Cases were classified as rejection and non-rejection group based on 

Banff 97 classification of renal graft biopsies (Racusen et al., 1999). Rejection 

group includes acute cellular rejection (ACR), acute vascular rejection (AVR) 

and borderline rejection (BLR). On the other hand, non-rejection group 
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includes no abnormality detected (NAD) and interstitial fibrosis and tubular 

atrophy (IFTA).     

Other histopathological diagnoses such as interstitial fibrosis and 

tubular atrophy (IFTA), drug toxicity and bacterial or viral infection were 

excluded from the study, as were the biopsies showing more than one 

pathology in association with rejection.  

 

5.2.2. Samples processing and MIG quantification: 

Early morning urine samples were collected from healthy donors, 

stable grafts and patients undergoing graft biopsy procedure(s). The samples 

were processed as described earlier and stored at -80°C quantification of MIG.  

A total of 266 urine samples were included based on inclusion and exclusion 

criteria. Of these samples, 178 samples were classified histopathologically as 

rejection (n=108) and non-rejection (n=70).  A total of forty-two (n=42) 

samples of stable graft patients and forty-six (n=46) samples of healthy renal 

donors were also included (Figure 5.1).  Rejection group was comprised of 

ACR (n=71), AVR (n=10) and BLR (n=27) and non-rejection group included 

NAD (n=37) and IFTA (n=33). 

 These samples were quantified for MIG levels by enzyme-linked 

immunoassay using human MIG Quantikine® ELISA kits (R&D Systems; 

Minneapolis, USA). The detailed method is described above in the 

methodology section. The optical density of samples was measured at 

450nm/540nm using the microplate reader (Synergy 2, BioTek® Instrument, 

Inc, USA). A standard curve was generated using MIG standards and 

subsequently the concentration of samples was calculated by the microplate 

data collection and analysis software Gen5® version 1.08. As each sample was 
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assayed in duplicate for MIG levels, therefore the mean concentration was 

used for statistical analyses. 

 

5.2.4. Statistical Analysis: 

The statistical analyses were carried out with Statistical Package for 

Social Sciences software (SPSS version 17; SPSS Inc., Chicago, IL, USA). 

The mean concentration of MIG was calculated for rejection, non-rejection, 

stable graft and control groups. Non-parametric tests (Kruskal-Wallis and 

Mann-Whitney) were applied to identify significant difference of MIG levels 

across the groups. A p-value of less than 0.05 was considered to be significant. 

Additionally, difference of MIG concentration across sub-classified rejection 

groups (ACR, AVR and BLR) was also investigated. 

The receiver operating characteristic (ROC) curve was constructed to 

determine the area under the curve (AUC),  the highest sensitivity and 

specificity of MIG at certain threshold level using MedCalc® statistical 

software (version 12.7.5) (http://www.medcalc.org/). 

 

5.3. Results: 

The clinical characteristics of patients among various groups and 

healthy donors are listed in Table 5.1. Renal transplant patients in rejection 

group included 91 (84%) males and 17 (16%) females, with a mean age of 

25±10 years. On the other hand, non-rejection group contained 59 (84%) 

males and 11 (16%) females, with a mean age of 29±11 years. Stable graft 

group contained 29 (69%) males and 13(31%) females, with 30±11 years of 
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mean age. In control group, the mean age was 31±8 years with equal numbers 

of both genders i.e. 23 (50%).  

Renal transplant patients were on standard triple drug 

immunosuppressive regimen, consisting of calcineurin inhibitors 

[Cyclosporine (CsA) or Tacrolimus (TAC)] with either Mycophenolate 

mofetil (MMF) or Azathioprine (Aza) and steroids (Prednisone). Patients with 

poor HLA match were given IL-2 receptor blocker (Simulect) or ATG 

(Antithymocyte globulin) as induction therapy. 

The biopsy-proven cases of acute T-cell mediated rejection (108) were 

treated with steroids (Methylprednisolone) and either cyclosporine or 

tacrolimus. Cases showing steroid resistance and intimal arteritis (AVR) were 

treated with the ATG.     
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Figure 5.1: Schematic representation of samples for urinary MIG study. A total of 266 urine samples were included based 

on our study criteria. It consists of biopsy-proven 178 urine samples, collected from renal transplant patients prior of graft 

biopsy procedure. One hundred and eight (108) samples were diagnosed as rejection and seventy samples (70) as non-rejection. 

Forty-two (42) samples of stable grafts patients and 46 samples of controls (healthy renal donors) were also included. 
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5.3.1. Urinary MIG levels and association with graft rejection: 

The mean concentration of MIG among groups of rejection, non-

rejection, stable grafts and healthy donors are summarized in Table 5.2. The 

lowest mean value of MIG was detected in the control group (5.5±0.4pg/ml), 

followed by stable grafts (8.5±3.5pg/ml) and non-rejection group 

22.56±6.4pg/ml (IFTA + NAD group). However, rejection group showed 

increased MIG levels with mean concentration of 73.6±25pg/ml as compared 

to other study groups.   

The MIG concentrations were further analyzed to investigate any 

significant differences between groups (Figure 5.2; Table 5.3). Results showed 

no statistically significant difference between the rejection and other groups 

[Rej vs. NAD (P=0.487), Rej vs. IFTA (P=0.316), Rej vs. stable grafts 

(P=0.505), Rej vs. control (P=0.542)]. However, significant difference was 

found between stable grafts vs. NAD (P<0.001), stable grafts vs. IFTA 

(P<0.001) and stable grafts vs. control group (P<0.001). 
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Table 5.1: Clinical characteristics of study population  
  REJ                          

(n = 108) 
NON-REJ                                                        

(n = 70) 
STABLE  GRAFT                

(n = 42) 

RENAL 
DONORS            
(n = 46) 

Gender 
Females 17 (16%) 11 (16%) 13 (31%) 23 (50%) 
Males 91 (84%) 59 (84%) 29 (69%) 23 (50%) 
Mean age of Recipients 
(Range) 

25.13±10 
(8-55yrs) 

 29.35±10 
(8-50yrs) 

29.9±11                    
(7-58yrs) 

 
- 

Mean age of Donors 
(Range) 

34.84 ± 9.8             
(20-55yrs) 

35.2±9.5 
(18-54yrs) 

31.5±8.5                  
(18-55yrs) 

31.3±8                    
(18-55yrs) 

Etiology of primary disease 
Unknown cause 71 (66.4%) 43(61%) 26 (62%) - 
Stone disease 12 (11.2%) 10 (14%) 5 (12%) - 
Glomerular disease 6 (5.6%) 3 (4%) 3 (7%) - 
Donor-Recipient HLA match at A, B and DR locus 
1Hap 3 Ags match 36 (33%) 23 (33%) 9 (21%) - 
1Hap 4 Ags match 26 (24%) 17 (24%) 9 (21%) - 
1Hap 5 Ags match 12 (11%) 8 (11%) 5 (12%) - 
Identical match 8 (7.5%) 6 (9%) 13 (31%) - 
Induction 
No induction 76 (70%) 62 (89%) 36 (86%) - 
Simulect 19 (18%) 6 (9%) 5 (12%) - 
ATG 13 (12%) 2 (3%) 1 (2%) - 
Primary drugs 
CYA/AZA/PRED 88 (82%) 62 (89%) 39 (93%) - 
TAC/MMF/PRED 12 (11%) 6 (9%) 2 (5%) - 
Anti-rejection therapy 
ATG 38 (35%) - -  

Solumedrol 70 (65%) - 
 - - 

          REJ = Rejection, NON-REJ = Non-Rejection, Hap = Haplotypes, Ags = Antigens
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Table 5.2: Urinary levels of MIG among different histopathological 

groups and control 

Groups Mean MIG ± S.E (pg/ml) 

NAD (n = 37) 28.3 ± 11 

IFTA (n = 33 ) 16 ± 5.4 

REJ (n = 108) 73.6 ± 25 

Stable graft (n = 42) 8.5 ± 3.5 

Control (n = 46) 5.5 ± 0.4 

 
NAD = No abnormality detected, IFTA = Interstitial fibrosis and tubular 

atrophy, REJ = Rejection, S.E = Standard Error 
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Table 5.3: Statistical significance difference in urinary MIG levels among 

study groups 

 

 Groups 

 

P-value 

REJ vs. IFTA 0.316 

REJ vs. NAD 0.487 

REJ vs. Control 0.542 

REJ vs. Stable graft 0.505 

IFTA vs. Control 0.620 

IFTA vs. NAD 0.930 

NAD vs. Control 0.060 

IFTA vs. Stable graft <0.001 

NAD vs. Stable graft <0.001 

Control vs.  Stable graft <0.001 

 

P-value <0.05 is considered as significant. 

Mann-Whitney U test (two independent sample tests) was applied.   
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Figure 5.2: Box-plot for urinary MIG levels among different groups. 

Results showed no statistically significant difference between rejection and 

other groups [Rej vs. NAD (P=0.487), Rej vs. IFTA (P=0.316), Rej vs. stable 

grafts (P=0.505), Rej vs. control (P=0.542)]. However, significant difference 

was found between stable grafts vs. NAD (P<0.001), stable grafts vs. IFTA 

(P<0.001) and stable grafts vs. control (P<0.001). 
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Additionally, IFTA (n=33) and NAD (n=37) groups were pooled together 

as non-rejection and compared with rejection group to find significant 

difference in MIG levels. Results showed no statistically significant difference 

in MIG levels between rejection and non-rejection group (P=0.408) (Figure 

5.3; Table 5.4).  

 

 

Table 5.4: Statistical significance of MIG with rejection outcome  

 

Urinary Marker 

 

P-value 

 

Outcome 

 

MIG  

 

0.408 

 

Non-Significant 

 

Rejection group (n=108) = ACR, BLR and AVR 

Non-rejection group (n=70) = NAD and IFTA 

 

Mann-Whitney U test (two independent sample tests) 
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Figure 5.3: Box-plot of urinary MIG levels in rejection (n=108) and non-

rejection group (n=70). MIG levels were higher in rejection as compared to 

non-rejection group. Results showed non-significant difference in MIG levels 

between two groups (P=0.408). 

 
 

 

P=0.408 
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 The MIG concentration was also determined among sub-classes of 

rejection (i.e. ACR, AVR and BLR). The highest mean concentration of MIG 

was detected in the AVR (86.7±33pg/ml) followed by ACR (73.4±33pg/ml) 

and BLR (69.4±52pg/ml). Statistical analyses showed significant difference in 

MIG levels between ACR vs. AVR (P=0.018) and AVR vs. BLR (P=0.005). 

However, no significance difference in MIG was observed between ACR vs. 

BLR (P=0.103) (Table 5.5). 

 

 

 

Table 5.5: Significance levels of MIG among rejection sub-classes   

Sub-classes of Rejection  P-value Significant level 

  ACR vs. AVR 0.018 Significant 

  ACR vs. BLR 0.103 Non-significant 

  AVR vs. BLR 0.005 Significant 

 

Mann-Whitney U test (two independent sample tests) was applied 
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Figure 5.4: Box-plot of urinary MIG levels in the sub-classes of rejection. 

Statistical analyses showed significant difference in MIG levels between ACR 

vs. AVR (P=0.018) and AVR vs. BLR (P=0.005). However, no significance 

difference in MIG was observed between ACR vs. BLR (P=0.103) 

 
 
 
 
 
 
 
 

 

P=0.005 

P=0.103 

P=0.018 
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5.3.2. ROC curve analyses of MIG: 

The area under the curve (AUC), sensitivity, specificity and significant 

level with rejection are listed in Table 5.6. 

The AUC for MIG was 0.54±0.04 (AUC±S.E; 95% CI: 0.46-0.61) and 

the optimum sensitivity (46%) and specificity (55%) was observed for 

rejection group at cut-off of 6pg/ml. This shows that MIG is a not a good 

predictive marker for rejection (Figure 5.5). 

 

 

Table 5.6: Receiver operating characteristic curve for urinary MIG levels 

  Marker AUC ± S.E        
(95% CI) 

Cut off  
(pg/ml) 

Sensitivity/             
Specificity 

(%) 
P-value 

 

MIG 

 

0.54±0.04 
(0.46-0.61) 

 

6 

 

46/55 0.385 

 
AUC = Area Under the Curve 

CI = Confidence Interval 

S.E = Standard Error 
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Figure 5.5: Receiver operating characteristic of urinary MIG levels. It 

showed an AUC of 0.54±0.04 (95% CI: 0.46-0.61) with 46% sensitivity and 

55% specificity at cut-off level of 6pg/ml.  

 

 

 

 



 

133 

5.4. Discussion: 

Despite immunosuppressive drugs and advanced clinical care, graft 

rejection remains the major hurdle in successful organ transplantation. The 

gold standard method for confirming the diagnosis of rejection is a graft 

biopsy. However, the invasive nature of this procedure is a major limitation 

that restricts its usage for diagnosis and monitoring of graft dysfunction. 

Therefore, markers are needed based on non-invasive methods which correlate 

with graft rejection and guide clinicians about the graft status. 

This study is part of our effort to investigate urinary markers 

associated with renal graft monitoring particularly for the early diagnosis of 

rejection. Previously, our centre has reported that half (54%) of the cases that 

underwent biopsy procedure showed histopathological features of acute 

rejection (24%) and IFTA (29.8%) (Kazi and Mubarak, 2012). Therefore, it 

was anticipated that by identifying markers associated with these features 

(rejection and IFTA) would help to identify high risk group for rejection. In 

addition, it would also reduce the number of graft biopsies performed as 

recently reported by Hirt-Minkowski (Hirt-Minkowski et al., 2012). 

 Investigating the urinary levels of MIG showed varied levels 

across the groups (rejection, non-rejection, stable graft and healthy donors) 

ranging from 0-2098pg/ml., Increased mean MIG level was found in the 

rejection group as compared to non-rejection and other groups (stable graft 

and healthy donors). However, the difference was not statistically significant 

(P<0.05). Previous studies have shown significant increases in MIG levels in 

rejection. These studies suggested that MIG is a good marker for rejection 

with (79%-93%) sensitivity and specificity (Hu et al., 2004; Hauser et al., 
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2005; Jackson et al., 2011; De Muro et al., 2013). However, we found low 

sensitivity and specificity of this marker for rejection group.  

These conflicting results could be due to sample size (low rejection 

cases) and variation in the techniques as well as analysis methods. In our 

study, large number of rejection cases (n=108) were included compared to Hu 

et al., 2004 (n=28), Hauser et al., 2005 (n=15), Schaub et al., 2009 (n=57), 

Jackson et al., 2011(n=25) and Pierina De Muro et al., 2013(n=19). MIG was 

quantified by ELISA technique and analyzed without normalization with 

urinary creatinine. Only two studies were found (Hauser et al., 2005 and 

Pierina De Muro et al., 2013) that used the same methodology. Further studies 

using more number of rejection cases and uniform methodology would better 

delineate its association with graft outcome. 

The therapeutic approach of neutralizing MIG during an early post 

transplant period has also been suggested to prevent chronic graft 

vasculopathy and graft fibrosis (Miura et al., 2003). However, Ho et al., 

(2010) reported no such association of MIG with histology (interstitial fibrosis 

and tubular atrophy) and graft outcome. Similarly, we also did not find any 

association of MIG with IFTA group.   

This is the first study on the association of urinary MIG with renal 

allograft rejection from Pakistan. This study demonstrates that monitoring of 

urinary MIG concentration is not a useful indicator for graft rejection.  
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6. Urinary monocyte chemotactic protein-1 levels and its 

association with renal allograft rejection. 
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6.1. Introduction:        

 Currently, diagnosis of graft rejection is based on gold standard 

technique of graft biopsy. However, invasive procedure of graft biopsy limits 

its usage in transplantation. Hence, identification of rejection by marker(s) 

using non-invasive samples (urine/blood) would be ideal to 

prognosis/diagnosis of rejection early as well as accurately.   

 Human monocyte chemotactic protein-1 (MCP-1/CCL2) belongs to 

chemokine C-C family (Gu et al., 1999). The gene product of MCP-1 is 

composed of 76 amino acids having molecular size of 13kDa (Van Coillie et 

al., 1999). This early chemokine is released in response to inflammatory 

mediators (TNF and INF-γ) after surgical procedures (ischemic reperfusion) 

(Rice et al., 2002). Many cell types also produce MCP-1 such as endothelial 

cells, epithelial cells, fibroblasts and smooth muscle cells. As MCP-1 has high 

chemoattractant potency for immune cells, it attracts/directs immune cells 

(monocytes/macrophage, NK cells and T-cells) to the inflamed/injured site 

(Ajuebor et al., 1998; Robertson et al., 2000).    

 MCP-1 is an important chemokine involved in the regulation of 

allograft rejection phenomena. The intra-renal expression analysis has showed 

an increased level of MCP-1 at time of injury/rejection(s) which correlates 

with monocyte infiltration and renal damage (Rovin et al., 1996; 

Prodjosudjadi et al., 1996; Grandaliano et al., 1997; Robertson et al., 2000; 

Rüster et al., 2004). This high expression of MCP-1 ligand and its 

corresponding chemokine receptors (CCR2), contribute in the graft outcome 

(Segerer et al., 2001). Positive correlations have also been reported between 

urinary MCP-1 levels and degree of leukocytes infiltration in the kidney 
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(Rovin et al., 1996; Wada et al., 1999; Tam et al., 2004). Similarly, increased 

excretory MCP-1 level has also been reported with renal graft 

rejection/dysfunction (Prodjosudjadi et al., 1996; Grandaliano et al., 1997; 

Boratyńska 1998; Sun et al., 2003; Dubiński et al., 2008). Thus, urinary levels 

of MCP-1 may reflect the immune status and provide a non-invasive tool for 

graft monitoring.                               

 This study was carried out to determine the urinary level of MCP-1 in 

stable graft, rejection and non-rejection renal transplant patients and its utility 

as a marker for the identification of graft rejection. 

6.2. Material and Methods: 

 This study was approved by the Institutional Review Board and 

conformed to the tenets of the declaration of Helsinki. Inform consent was 

taken from all the participants at the Sindh Institute of Urology and 

Transplantation, (S.I.U.T). 

  A total of 409 urine samples from 300 renal transplant patients and 109 

healthy renal donors were included in this study.  Among transplant patients, 

258 patients underwent biopsy procedure(s) and diagnosed as rejection 

(n=165) and non-rejection (n=93) based on Banff classification (Racusen et 

al., 1999). However, 42 patients, categorized as stable grafts, had no history of 

biopsy and serum creatinine levels were maintained at 0.5-1.5mg/dl during the 

first two months of post-transplantation.  

 The samples were grouped as rejection (n=165), non-rejection (n=93), 

stable graft (n=42) and controls (healthy donors; n=109) Figure 6.1. The non-

rejection groups were further sub-classified into IFTA (n=47) and NAD 

(n=46). 
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6.2.1. Urine samples and MCP-1 quantification: 

 Early morning urine samples were collected from healthy donors, 

stable grafts and patients who had undergone graft biopsy procedure. Urine 

samples were processed and quantified for MCP-1 concentration by enzyme-

linked immunoassay using human CCL2/MCP-1 Quantikine ELISA kit (R&D 

system; Minneapolis, MN, USA), as described earlier in material and method 

section. 

 The optical density of samples was determined at 450nm with wave 

length correction of 540nm using the microplate reader (Synergy 2, BioTek® 

Instrument, Inc, USA). A standard curve was generated using MCP-1 

standards and subsequently the concentration of samples was determined by 

the microplate data collection and analysis software, Gen5® version 1.08. As 

each sample was diluted and assayed in duplicate for MCP-1 levels, the 

measured concentration was multiplied by 2 (dilution factor) and the average 

concentration of MCP-1was used for statistical analysis. 
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Figure 6.1: Schematic representation of samples for urinary MCP-1 study. A total of 409 urine samples were included based on our 

criteria.  Among renal transplant patients, 258 patients underwent biopsy procedure(s) and diagnosed as rejection (n=165) and non-

rejection (n=93) based on Banff classification. Forty-two (n=42) patients of stable grafts and 109 healthy donors were also included. 
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6.2.2. Statistical Analysis:   

 Statistical analyses were carried out with Statistical Package for 

Social Sciences software (SPSS version 17; SPSS Inc., Chicago, IL, USA).  

The average concentration of MCP-1 was calculated for rejection, non-

rejection, stable grafts and control groups. Non-parametric tests (Kruskal-

Wallis and Mann-Whitney) were applied to identify significant difference of 

MCP-1 levels across the groups. A p-value of less than 0.05 was considered to 

be significant (P<0.05).  

 The receiver operating characteristic (ROC) curve was constructed to 

determine the area under the curve (AUC), the optimum sensitivity and 

specificity for urinary MCP-1 levels as a marker for rejection, at certain 

threshold level, using MedCalc® statistical software (version 12.7.5) 

(http://www.medcalc.org).         

 MCP-1 levels were further analyzed for their impact on rejection-free 

graft survival. The cumulative survival time of renal allograft was calculated 

by Kaplan-Meier (KM) curve and the log-rank test was applied to calculate the 

statistical significance among the transplant patients. 

6.3. Results: 

6.3.1. Clinical characteristics of patients: 

 The clinical characteristics data of all participants such as age, 

gender, relation with donor, HLA match, drug regimen, induction therapy and 

anti-rejection therapy are provided in Table 6.1.  Across the groups, transplant 

patients include 69-87% males and 12-31% females; with a mean age range of 

26-31±years. On the other hand, control group consisted of 48% male and 

52% female donors with a mean age of 35 years.  
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Table 6.1: Clinical characteristics of study population 
  

REJ 
(n=165) 

 
NON-REJ 

(n=93) 
 

STABLE  GRAFT               
(n=42) 

CONTROL           
(n=109) 

Gender 
Females 25(15%) 12(13%) 13(31%) 57(52%) 
Males 140(85%) 81(87%) 29(69%) 52(48%) 
Age of Recipient (Mean ± S.E) 
(Range) 

26±0.75                
(8-55yrs) 

30±1.5 
(8-53yrs) 

29±1.68                             
(7-58yrs) 

 
- 

Etiology of ESRD 
Unknown cause 111(67%) 67(72%) 26(62%) - 
Stone disease 18(11%) 15(16%) 5(12%) - 
Glomerular disease 11(6.7%) 5(5.4%) 3(7%) - 
Donor-Recipient HLA match at A, B and DR locus 
1Hap - 3 Ags Match 61(37%) 34(36.5%) 9(21.4%) - 
1Hap - 4 Ags Match 40(24%) 22(23.6%) 9(21.4%) - 
1Hap - 5Ags Match 19(11.5%) 11(12%) 5(12%) - 
Identical Match 9(5.5%) 7(7.5%) 13(31%) - 
Induction therapy 
No induction therapy 122(74%) 81(87%) 36(86%) - 
Simulect 24(14.5%) 6(6.4%) 5(12%) - 
ATG 19(11.5%) 6(6.4%) 1(2.4%) - 
Primary immunosuppressant drugs 
CYA/AZA/PRED 136(82.4%) 84(90%) 39(93%) - 
TAC/MMF/PRED 21(12.7%) 7(7.5%) 2(5%) - 
Anti-rejection therapy 
ATG 58(35%)             - - - 
Solumedrol 107(65%) - - - 
 

Rej = Rejection, CYA = Cyclosporine, AZA= Azathioprine, PRED = Prednisolone, Ags = Antigens, ATG = Antithymocyte globulin,       
S.E = Standard Error, Hap = Haplotype
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6.3.2. Urinary levels of MCP-1 and their association with rejection: 

          Urinary levels of MCP-1 were determined in 409 urine samples of 353 

participants of various groups (Table 6.2). The graft rejection group showed 

high levels of MCP-1 concentration (953±69pg/ml) as compared to stable 

grafts (254±57pg/ml), no abnormality detected (296±40pg/ml), IFTA 

(228±49pg/ml) and control groups (38±13pg/ml).  

  
 

 Table 6.2:Urinary levels of MCP-1 among different study groups 
 

Groups 

  

MCP-1 pg/ml (Mean ± S.E) 

NAD (n = 47) 296 ± 40 

IFTA (n = 46 ) 228 ± 49 

REJ (n = 165) 953 ± 69 

Stable grafts (n= 42) 254 ± 57 

Control (n = 109) 38 ± 13 

 

NAD = No abnormality detected, IFTA = Interstitial fibrosis and tubular 

atrophy, REJ = Rejection, S.E = Standard Error 

 

 The significant association of urinary MCP-1 levels with rejection group 

was determined by comparing with non-rejection, stable grafts and control 

groups using non-parametric test (Kruskal-Wallis and Mann-Whitney). 

Results showed significant difference in MCP-1 levels between rejection and 

non-rejection (NAD and IFTA) and other groups (control and stable grafts) i.e. 

P<0.05 (Figure 6.2; Table 6.3). Significant difference in MCP-1 levels was 

also observed between IFTA vs. NAD (P=0.030), IFTA vs. control (P<0.001), 
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NAD vs. control (P<0.001) and stable grafts vs. control group (P<0.001). This 

indicates that MCP-1 levels varied significantly across the groups and could 

differentiate between histopathological conditions such as rejection vs. non-

rejection. No significant difference was observed between NAD vs. stable 

grafts (P=0.120) and IFTA vs. stable grafts (P=0.810) Figure 6.3.  

 
 

Table 6.3: Association levels of urinary MCP-1 among groups. 
 

Groups 

 

P-value 

 

Outcome 

REJ vs. NAD <0.001 Significant 

REJ vs. IFTA <0.001 Significant 

REJ vs. Control <0.001 Significant 

REJ vs. stable graft <0.001 Significant 

IFTA vs. NAD 0.030 Significant 

IFTA vs. Control <0.001  Significant 

IFTA vs. stable graft 0.810 Non-Significant 

NAD vs. Control <0.001 Significant 

NAD vs. stable graft 0.120 Non-Significant 

Control vs. stable graft <0.001 Significant 

 

P value less than 0.05(P<0.05) = Significant  

            Mann-Whitney U test (two independent sample tests) 
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Figure 6.2: MCP-1 levels in rejection and non-rejection groups. MCP-1 

levels were significantly higher in rejection group as compared non-

rejection (P<0.001). 
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Figure 6.3: Urinary levels of MCP-1 among various study groups. 

Significant difference was found between rejection, non-rejection (NAD and 

IFTA), control and stable graft i.e. P<0.05. Significant difference was also 

observed between IFTA vs. NAD (P=0.030), IFTA vs. control (P<0.001), 

NAD vs. control (P<0.001) and stable graft vs. control group (P<0.001). No 

significant difference in MCP-1 level was observed between stable graft vs. 

NAD (P=0.120) and stable graft vs. IFTA (P=0.810). 
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6.3.3. ROC Curve Analyses for MCP-1: 

 An area under the curve (AUC), specificity, sensitivity and the 

significant level of MCP-1 are listed in Table 6.4.                 

 The optimum sensitivity (84%) and specificity (74%) was observed 

for the patients diagnosed as rejection at a cut-off 214pg/ml of MCP-1 with an 

area under the curve of 0.83±0.04 (AUC±S.E) (95% CI: 0.77-0.88) when 

compared with stable grafts (Figure 6.4). Similar sensitivity (87%) but low 

specificity (62%) was observed when the rejection group was compared with 

non-rejection group at 198pg/ml of MCP-1, with area under the curve of 

0.81±0.03 (95% CI: 0.76 – 0.86). This indicates that urinary MCP-1 is a good 

predictive marker for rejection episodes. 

 

Table 6.4: Receiver operating characteristic for MCP-1 

Group AUC±S.E      
(95% C.I) 

Cut-off point 
(pg/ml) 

Sensitivity 
& 

Specificity (%) 
P-value 

 

MCP-1                              
(Rej vs. 
Stable grafts) 

 

 

0.83 ± 0.04      
(0.77– 0.88) 

 

214 84/74 <0.001 

 

MCP-1                             
(Rej vs. 
Non-Rej) 

 

 

0.81 ± 0.03        
(0.76 – 0.86) 

 

198 87/62 <0.001 

AUC = Area under the curve 
S.E = Standard Error 
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Figure 6.4: Receiver operating characteristic curve of urinary MCP-1 levels 

analyzed for patients diagnosed as rejection. It showed an area of 0.83±0.04 

under the curve with sensitivity of 84% and specificity of 74% at cut-off 

214pg/ml for MCP-1. 
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6.3.4. Effect of Urinary MCP-1 level on Graft Survival: 

 MCP-1 levels were further investigated to find out the effect on cumulative 

rejection-free graft survival. Transplant patients were categorized into two 

groups according to the cut-off value of 214pg/ml of MCP-1 (i.e. >214pg/ml 

and <214pg/ml of MCP-1).  Kaplan-Meier curve was constructed to determine 

cumulative rejection-free graft survival and significant levels by log-rank test 

for categorized groups (Table 6.5). It was observed that urinary MCP-1 levels 

>214pg/ml had significantly lower rejection-free graft survival as compared to 

patients with <214pg/ml at certain time periods such as 3 months, 6 months, 

12 months and 24 months. Results indicate significant differences between 

two groups at all time periods i.e. 4 vs. 9 weeks, log-rank P<0.001; 8 vs. 18 

weeks, log-rank P<0.001; 10 vs. 27 weeks, log-rank P<0.001 and 27 vs. 70 

weeks; log-rank P<0.001 respectively (Figure 6.5).  

 
 
Table 6.5: Kaplan-Meier survival curve for transplant patients 
categorized into two groups based on MCP-1 levels. 
 

 

 

 

 
 

 

 

 
 
 

 
 

 
MCP-1 Total N No. of 

Events 
Censored 

N Percent 
<214pg/ml 92 20 72 78.3% 
>214pg/ml 141 104 37 26.2% 
Overall 233 124 109 46.8% 

 

Overall 
Comparisons Chi-Square d.f. Sig. 

 
Log-rank      
(Mantel-Cox) 

 
40.367 

 
1 

 
0.000 

    
d.f = degree of freedom 
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Figure 6.5: Kaplan-Meier survival curve for transplant patients categorized 

into <214pg/ml and >214pg/ml MCP-1 levels in 24 months (104 weeks) post-

transplantation. 
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6.4. Discussion: 

 Molecular changes in a graft precede any pathological changes and are 

ultimately reflected by clinical symptoms. Detection of molecular 

changes/patterns associated with rejection before these manifest at 

histopathological or clinical levels by non-invasive marker(s), is the most 

active area of current transplant research. Chemokine levels are suggested to 

reflect these molecular changes as they mediate immune response against 

allograft. Increased expression levels of multiple chemokines and their 

cognate receptors play a significant role in allograft rejection process. 

 MCP-1 is one of the most powerful chemoattractant that is involved in 

the pathogenesis of renal diseases/failure (Segerer et al., 2000; Viedt et al., 

2002). MCP-1 is produced by proximal tubular epithelial cells which triggers a 

series of inflammatory events. It includes secretion of other chemokines and 

activation of transcription factors which ultimately progress to 

tubulointerstitial damage (Viedt et al., 2002). 

           The main finding of this study is the association of MCP-1 with the 

rejection group. An increased MCP-1 level was found which differentiated 

rejection group from other study groups i.e. non-rejection, stable graft and 

control groups. The ROC curve analyses also illustrated that MCP-1 is a good 

marker for rejection having AUC of 0.83±0.04 with sensitivity and specificity 

of 84% and 74% respectively. Despite limited studies on MCP-1 in renal 

transplantation, our study findings are in accordance to previous studies that 

showed that MCP-1 is associated with rejection (Rüster et al., 2004; Dubinski 

et al., 2008; De Serres et al., 2012).       
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        Ho et al., (2010, 2012) have also showed that the MCP-1 is associated 

with development of IFTA as well as graft loss. In this study, we also found an 

association of MCP-1 levels with IFTA development. MCP-1 levels 

significantly differentiated IFTA from other groups such as NAD, control and 

rejection groups. This indicates that MCP-1 levels could reflect the changes 

that lead to development of IFTA. The concentration of MCP-1 was lower in 

the IFTA group as compared to the rejection group. This may be due to the 

fact that its expression level is significantly lower in IFTA as compared to 

rejection (Rüster et al., 2004).   

 There are some limitations in this study. MCP-1 was studied on 

exclusive diagnosed cases of single event on graft biopsy such as rejection 

(acute T-cell mediated rejection), normal histology and interstitial 

fibrosis/tubular atrophy. Due to low number (1%) of antibody mediated 

rejection (AMR) cases in our centre, these cases were excluded (Kazi and 

Mubarak 2012). Study MCP-1 in other histopathological diagnosed cases of 

drug toxicity, infections and in other rejection types (AMR and chronic 

rejection would help in understanding its role in graft outcome. 

 It would be informative to determine MCP-1 levels 

(increased/decreased) at the end of the anti-rejection therapy, with biopsy 

proven rejection resolved, to reflect/monitor the patient response to therapy. 

However, our institute does not have a policy to perform protocol biopsy. 

Unfortunately, lack of data regarding urinary biomarkers for renal and other 

transplant organs from other centres are also a major limiting factor for 

validation of any biomarker for rejection. 
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 This study as well as various previous studies have shown association 

of urinary MCP-1 levels with graft rejection and suggest it as a clinically 

useful diagnostic/prognostic marker. However, it is important to set up an 

optimal threshold (cut-off) level of MCP-1 to delineate the clinical relevance 

of the test. Further studies to evaluate the threshold levels at times of rejection 

would be helpful for correct and early diagnosis. 
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Chapter-7:   Discussion and Future Perspective 

 Renal transplantation is the most effective available treatment for 

ESRD world-wide. In Pakistan, only 2.3 % of ESRD patients have access to 

this therapy. The graft survival and patient survival rate is 65% and 75% at 5-

years of transplantation (Rizvi et al., 2009). The biggest hurdle in successful 

transplantation is allograft rejection that occurs in 26 percent of cases during 

the first post-transplantation year (Firasat et al., 2012). Early diagnosis of 

rejection is crucial for optimum management of graft functioning. Currently, 

serum creatinine is used as a diagnostic and monitoring marker for graft 

functioning and graft biopsy is the gold standard technique for confirming 

diagnosis of graft dysfunction. However both these tests have limitations as 

serum creatinine is a late indicator of graft dysfunction and graft biopsy is an 

invasive procedure which limits its usage (Manno et al., 2004).  

 The main aim of the study was to identify gene polymorphisms of 

immune regulatory molecules associated with graft rejection. We investigated 

the association of CCR2V64I, CCR5-59029G>A and CCR5Δ32 

polymorphisms in the immune regulation of renal allograft to identify patients 

at high risk for rejection based on their genetic make-up. Therapeutic 

strategies that target specific immunological components involved in the 

facilitation/provocation of rejection mechanism may reduce the rejection risk. 

Thus, identification of such prognostic marker(s) would help in proper and 

effective management of transplantation.   

 Another aim of this study was to identify early and non-invasive 

markers associated with renal allograft rejection. Chemokine are released at 

early phase of graft injury and their quantification by non-invasive method in 

urine samples may reflect the immunological status of the kidney graft 
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(Jackson et al., 2011). Therefore, urinary chemokine levels could be used to 

predict the onset of rejection earlier than serum creatinine. Such early non-

invasive markers would assist clinicians in graft assessment and help in early 

diagnosis of rejection. 

 This is the first study investigating the gene polymorphisms of CCR2 

and CCR5 and their role in the renal transplant patients from Pakistan. The 

significant finding was the association of AA genotype of CCR2 with the 

rejection outcome, which follows the same trends as reported from 

neighboring country (India: Singh et al., 2008). Another important finding was 

the significantly elevated levels of urinary chemokines of IP-10 and MCP-1 

among biopsy-proven rejection. This would help clinician(s), in association 

with other existing markers, in the graft assessment and guide regarding the 

need of graft biopsy.    
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