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Background: Identifying kidney allograft recipients who are predisposed to acute rejection (AR) 

could allow for optimization of clinical treatment to avoid rejection and prolong graft survival. It 

has been hypothesized that part of this predisposition is caused by the inheritance of specific 

genetic variants. There are many publications reporting a statistically significant association 

between a genetic variant, usually in the form of a single nucleotide polymorphism (SNP), and 

AR. However, there are additional publications reporting a lack of this association when a different 

cohort of recipients is analyzed for the same SNP.

Methods: In this report we attempted to validate 75 common genetic variants, which have been 

previously reported to be associated with AR, using a large kidney allograft recipient cohort of 

2,390 European-Americans and 482 African Americans.

Results: Of those variants tested, only one variant, rs2910164, which alters expression of the 

microRNA MIR146A, was found to exhibit a significant association within the African American 

cohort. Suggestive variants were found in the genes CTLA and TLR4.

Discussion: Our results show that most variants previously reported to be associated with AR 

were not validated in our cohort. This shows the importance of validation when reporting 

associations with complex clinical outcomes such as AR. Additional work will need to be done to 

understand the role of MIR146A in the risk of AR in kidney allograft recipients.

Keywords

Acute rejection; single nucleotide polymorphisms; SNPs; kidney; transplant; graft dysfunction

Introduction

Kidney allograft transplantation is the treatment of choice for end-stage kidney disease. 

Unfortunately, graft function decreases with the occurrence of chronic rejection (interstitial 

fibrosis/tubular atrophy; IF/TA). Acute rejection (AR) is a major risk factor for IF/TA and 

associated graft loss in kidney allograft recipients (1–3), particularly when renal function 

does not return to baseline. Clinical care of kidney allograft recipients could be greatly 

improved if individuals at risk for AR could be identified before transplantation, allowing 

for better individualized clinical care. AR is a complex event with several different 

presentations including early and late AR, antibody-mediated rejection (ABMR) and T cell-

mediated rejection (TCMR). Classification of AR is continually being updated based on new 

and emerging techniques in histopathology, based in part on the integration of new genetic 

biomarkers (4, 5). It has been hypothesized that some individuals have increased risk for AR 

due to the inheritance of specific genetic variants (6). To understand the impact of genetic 

variation on AR, numerous studies in the last several decades have been undertaken to 

identify genetic variants associated with AR (7–70). Table 1 shows 75 genetic variants, as 

single nucleotide polymorphisms (SNPs), previously reported to be associated with AR. 

Unfortunately, there are also many reports showing failed attempts to validate some of these 

variants (53, 71, 72).

In this report, we attempted to validate 75 variants previously reported in the literature to be 

associated with AR using DNA from combing two multicenter cohorts of kidney allograft 

recipients enrolled in genome-wide association studies (GWAS). The sample size of these 
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two cohorts combined is larger than most of the previous studies and the candidate-SNP 

approach instead of a genome-wide analysis can maximize our power to validate previous 

findings.

Materials and Methods

The design of the Deterioration of Kidney Allograft Function (DeKAF) Genomics and the 

Genomics of Transplantation (GEN-03) cohorts along with each participant’s characteristics 

has been previously reported (73–75). For this analysis, the DeKAF Genomics and the 

GEN-03 studies were combined and the kidney transplant recipients with GWAS data were 

identified and divided into two sub-cohorts consisting of 2,390 European-Americans (EA) 

and 482 African Americans (AA) kidney allograft recipients and tested separately. Though 

self-reported race was available in the clinical information, subjects were separated into EA 

and AA sub-cohorts based on ancestry principal components. Subjects were enrolled at time 

of transplant and signed informed consents were approved by the Institutional Review 

Boards of the enrolling centers. This study is registered at www.clinicaltrials.gov ( and ).

Clinical information was obtained from the respective medical records (74, 75). Induction 

therapy was administered as per transplant center preference but mainly consisted of rabbit 

anti-thymocyte globulin (rATG), basiliximab or Campath-1H. Immunologically high-risk 

patients were more likely to receive rATG, such as those with donor specific antibody, 

pregnancies, or repeat transplants. AR was defined as time to first T-cell, antibody mediated, 

or mixed T-cell and antibody mediated rejection post-transplant as determined by the 

enrolling center and treating physician. Rejection was biopsy confirmed in 96% of the cases. 

The median time to first 12 month AR was 53 days and the median time to first all-time AR 

was 105.5 days. Both first 12 month AR and all time AR were used in the analysis.

Papers evaluating genetic variants associated with AR were identified through Pubmed. 

Variants which were shown to have a statistically significant association (p-value <0.05) 

with AR in solid organ transplantation patients were included in this study (6). The variants 

which were chosen from the literature for validation in this report are shown in Table 1. All 

but 6 variants were reported in studies using cohorts of kidney allograft recipients. Those six 

SNPs not identified in kidney recipients were reported in liver allograft recipients 

(rs9296068 in HLA-DOA; rs1063320 in HLA-G; rs1800796 in IL6; rs3757385 in IRF5; 

rs2476601 in PTPN22; rs3775291 in TLR3). Genotype information for this study was 

extracted from our previous study using a custom genome-wide Affymetrix Axiom 

Transplant Array chip created specifically for analysis of allograft recipients (71, 76). The 

75 variants analyzed are located in 58 genes. For those variants which were not part of the 

GWAS chip, a proxy SNP was selected which was present on the chip and where genotypes 

were available. In all cases, the r2 between the reported variant and the proxy SNP was 1.0 

as determined by the SNP Annotation and Proxy Search program (SNAP) (77). All selected 

SNPs were tested for Hardy-Weinberg Equilibrium (HWE). SNPs with a HWE test p-value 

<0.001 or sample missing rate > 1% were replaced by imputation using the IMPUTE2 

program (78). The imputation quality (info) score were above 0.95 for all but two SNPs 

(rs2426295 and rs2430561, info ~ 0.7 and 0.8, respectively).
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Differences in baseline characteristics of recipients without AR vs. with AR were tested 

using t-tests for continuous variables and chi-sq tests for categorical variables.

Cox proportional-hazard models were used to test the association between each literature 

identified SNP and time to first AR per person in our cohort. SNPs were coded using an 

additive genetic model, i.e., the number of copies of a reference allele. The at-risk time 

period began on the day of transplant and lasted until the earliest event of AR, death, graft 

failure, last date of follow up, or common close out date. For the outcome of AR in the first 

12 months post-transplant, an additional censoring date of one year post-transplant was 

added. When testing a single SNP association, we stratified by transplant center, and 

adjusted for variables determined using model selection. We performed backwards model 

selection with a retention p-value of 0.10 on the outcome of all time AR, separately for AA 

and EA cohorts, using all of the variables listed in Table 2. For the EA cohort, the retained 

variables were: gender, primary cause of ESRD, need for dialysis in the first 14 days post-

transplant, T- or B-cell crossmatch positive, plasmapheresis prior to transplant, greater than 

zero HLA mismatches, type of antibody induction, calcineurin inhibitor type at transplant, 

age at transplant, and donor age. For the AA cohort, the retained variables were: greater than 

zero % panel reactive antibodies, T- or B-cell crossmatch positive, plasmapheresis prior to 

transplant, smoking status, calcineurin inhibitor type at transplant, and SPK. Significance for 

an association between a SNP and AR was set at p<6.6×10−4 (Bonferroni correction with 75 

independent tests). Analyses were conducted using SAS v9.4 (The SAS Institute, Cary, NC, 

USA, http://www.sas.com).

Single SNP Cox proportional hazard models were used to the analysis of variants associated 

with time to death-censored chronic graft failure (DCGF). Backward selection with a 

retention p-value of 0.10 was performed separately for European-American and African-

American cohorts. In the European-American cohort (DCGF events = 273), models were 

adjusted for gender, primary cause of ESRD, need for dialysis, cross T- or B-cell match, 

plasmapheresis prior to transplant, HLA mismatches, type of antibody induction, CNI at 

baseline, age and donor age. In the African-American cohort (DCGF events = 105), models 

were adjusted for PRA positive, cross T- or B-cell match, plasmapheresis prior to transplant, 

smoking status, CNI at baseline and SPK. Both cohorts were stratified by transplant center.

Results

Characteristics of the two cohorts are shown in Table 2. Significant differences (p<0.002) 

between recipients with and without AR for the EA cohort are, mean age at enrollment in 

years (p=0.0004), mean donor age in years (p=0.0014), plasmapheresis prior to transplant 

(p<0.0001), HLA mismatches (p<0.0001), type of antibody induction (p<0.0001) and 

calcineurin inhibitor type (p<0.001). Significant differences between recipients with and 

without AR for the AA cohort are, panel reactive antibodies (p=0.002), T or B cell 

crossmatch (0.0013), plasmapheresis prior to transplant (p<0.0013), and calcineurin 

inhibitor type at time of transplant (p<0.0002).

The results of the association analysis for the SNPs tested are found in Table 3. The only 

significant SNP was rs2961920 (p=1.1×10−4), a proxy for rs2910164, which is located in the 

Oetting et al. Page 5

Transplantation. Author manuscript; available in PMC 2019 December 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.sas.com


MIR146A gene. This SNP was only significant in the AA cohort for all-time AR. The 

variant was also marginally significant (p=1.9×10−3) for AR within 12 months. The hazard 

ratio (95% CI) for this variant for AR within 12 months was 2.28 (1.42–3.89) and for AR all 

time was 2.43 (1.50–3.48). A Kaplan-Meier analysis for AR by MIR146A genotype is 

shown in Figure 1. At 28 months, 85% of recipients heterozygous for the risk allele (C/A) 

were AR free whereas individuals homozygous for the risk allele (A/A), at 28 months, only 

75% were AR free. This variant was not significant in the EA cohort (p=0.59; 12 months AR 

and p=0.45; all time AR).

There were two suggestive variants. In the EA cohort, SNP rs5742909 (p=0.0049; 12 

months AR and p=0.012; all time AR) within the CTLA4 gene and in the AA cohort, SNP 

rs10759932 (p=0.0089; 12 months AR and p=0.0046; all time AR) within the TLR4 gene. 

All other tested variants were not significant (p > 0.02).

All variants were also tested against time to death-censored graft function (DCGF) using a 

Cox proportional hazard model (Table 1S). There were no significant associations with any 

of the variants, but suggestive associations were found in the AA cohort for SNP 

rs61527852 in the IL3 gene (p=0.0087; all time AR) and for SNP rs2961920 in the 

MIR146A locus in both the EA cohort (p=0.0046; all time AR) and the AA cohort but less 

significant (p=0.049; all time AR)

Discussion

Since the beginning of kidney allograft transplantation, there has been considerable 

reduction in occurrence of AR and improved treatments, resulting in an almost 95% graft 

survival rates for the first year after transplantation. Unfortunately, there remains an 

insidious rate of late graft dysfunction and loss and one of the major clinical problems in 

transplantation. The risk of graft loss has been shown to be increased in the event of AR (1). 

Being able to reduce AR events would improve graft survival. It has been hypothesized that 

some recipients are genetically predisposed to increased risk for AR (6, 79). Those genetic 

variants with the greatest impact on AR are within the human leukocyte antigens (HLA) 

related loci within the major histocompatibility complex (MHC) (80). HLA alleles are 

strong predictors of AR and matching HLA alleles between the recipient and donor organ 

greatly decreases the risk for AR. Though the HLA loci plays an important role in AR, other 

genes which impact the immune system also have genetic variation and these alleles may 

also impact AR risk. To this end, many variants within these genes have been reported for 

their association with AR.

In this analysis, 75 SNPs, previously reported to be associated with the risk of AR, were 

tested in our EA and AA cohorts of kidney allograft recipients. Only one of these SNPs was 

found to be significant; A SNP within the microRNA 146a in the AA cohort. In a previous 

report it was found that rs2910164 in the MIR146A gene was associated with lowest overall 

survival among 350 North Indian renal allograft recipients and a three-fold higher risk for 

AR (70). The hazard ratio was similar to the previous report on this variant, 2.43 vs. 2.63. In 

the previous report, the recipients were from north India and in our analysis the recipients 

with the significant p-value were within the AA cohort. The EA cohort was not significant 
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for this variant. We speculate that the lack of significance in the EA cohort may be the result 

of not having additional variants in other genes which were present in the north Indian and 

AA populations and act synergistically with rs2910164.

MIR146A has a number of targets, including mRNAs from genes involved in immune 

regulation including regulatory T-cells (81). An in silico analysis identified several target 

genes including an interleukin-1 receptor-associated kinase (IRAK1) gene, and TNF-

receptor associated factor (TRAF-6) gene (70). MIR146A is thought to help modulate the 

immune system by suppressing inflammatory responses, in part through the NF-κB 

signaling pathway. The variant allele has been shown to reduce the expression of this 

microRNA, possibly resulting in an enhanced inflammatory response to the allograft, 

increasing the risk of AR (82, 83). This variant has also been reported to be associated with 

type 2 diabetes with increased fasting glucose and HbA1C levels and cardiovascular disease 

risk factors such as increased diastolic blood pressure and triglycerides (84).

The three variants which exhibited suggestive evidence for an association with AR included 

SNP rs5742909 within the cytotoxic T-lymphocyte associated protein 4 (CTLA4) gene and 

SNP rs10759932 within the toll like receptor 4 (TLR4) gene. The CTLA4 gene plays an 

inhibitory role in T-cell signaling and the TLR4 gene product is a lipopolysaccharide 

receptor and plays a fundamental role in pathogen recognition and activation of innate 

immunity (85, 86). We also tested all variants for their association with DCGF, but none 

were significant.

There are many reasons for the high number of variants that did not replicate in this study 

(87, 88). For the most part, most of the published studies are underpowered. An additional 

source of error in replication may be differences between populations and clinical care. 

Also, six of these variants were identified in liver recipients and may not be important in 

kidney allograft recipients. In this analysis, we used recipients from a single multicenter 

study in which identical clinical variables were collected for all individuals in the cohort. 

Many of the published studies analyzed only single univariate associations and did not adjust 

for clinical characteristics which can improve the power of statistical testing. Additionally, 

the follow-up period to AR is often too short to see an impact of the variant on AR risk and 

no consideration is given to linkage disequilibrium. Additional reasons have been stated in a 

report which attempted to identify donor specific variants associated with long- and short-

term outcomes using a GWAS in renal allograft recipients (89). In this study a genome-wide 

association study was done on 2,094 renal transplant-pairs, but no variants outside of the 

HLA region were found to be statistically significant in a 5,866 replication cohort. The 

authors suggested that both phenotype heterogeneity and the lack of statistical power due to 

limited sample size is a possible cause of no statistically significant variants being identified. 

The AR phenotype is most likely both clinically and genetically heterogeneous making 

identification of associated variants unlikely unless larger populations are used.

Other variables which may impact AR and/or graft loss include subclinical rejection and 

immunosuppressant adherence. In both cases this information was not available from the 

published papers and we did not collect this data in our cohort so the inclusion of these 
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variables in our analysis was not possible, though both of these have been shown to be 

important in rejection risk and health of the allograft (90, 91).

The positive association of the MIR146A with AR provides a novel pathway to study and 

may provide additional genes and their variants as candidates for recipient risk for AR and 

possible therapeutic targets to reduce this risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABMR antibody-mediated rejection

TCMR T cell-mediated rejection

SNPs single nucleotide polymorphisms

GWAS genome-wide association studies

DeKAF Deterioration of Kidney Allograft Function

EA European-Americans

AA African Americans

rATG rabbit anti-thymocyte
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Figure 1. A Kaplan-Meier analysis of proxy SNP rs2910164 in MIR146A for acute rejection
A Kaplan-Meier analysis for rejection-free kidney recipients based on the genotypes of 

MIR146A. The solid line represents the CC genotype, dashed line represents the CA 

genotype and the dash-dot-dash line represents the AA genotype. The A allele was found to 

be associated with a greater risk of acute rejection.
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