
Frontiers in Immunology | www.frontiersin.

Edited by:
Jukka Partanen,

Finnish Red Cross Blood Service,
Finland

Reviewed by:
Stanislaw Stepkowski,

University of Toledo, United States
Luis G. Hidalgo,

University of Wisconsin, United States

*Correspondence:
Jose Luis Santiago
jlsantial@gmail.com

Specialty section:
This article was submitted to

Alloimmunity and Transplantation,
a section of the journal

Frontiers in Immunology

Received: 08 January 2021
Accepted: 18 May 2021
Published: 02 June 2021

Citation:
Santiago JL, Sánchez-Pérez L,
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The genes CD28, CD86 and CTLA-4 conform the costimulatory (CD28-CD86) or
inhibitory (CTLA-4-CD86) signal in T-cell activation. T-cell immune response has a
critical role in allograft rejection, and single nucleotide polymorphisms (SNPs) located in
these genes have been widely analyzed with controversial results. We analyzed a group of
SNPs located in the three genes: CD28: rs3116496; CD86: rs1129055; and CTLA-4:
rs231775 and rs3087243 in a cohort of 632 consecutively recruited kidney transplanted
subjects. All polymorphisms were genotyped by TaqMan chemistry and the diagnosis of
rejection was confirmed by biopsy and categorized according to the Banff classification.
The analyses showed a statistically significant protective effect to T cell-mediated rejection
(TCMR) in carriers of the CTLA-4 rs3087243*G allele, especially in patients with TCMR
Banff ≥2 in the overall cohort and in patients without thymoglobulin induction therapy.
Both associations were corroborated as independent factors in the multivariate analysis.
Interestingly, associations with rejection were not found for any SNP in patients with
thymoglobulin induction therapy. As expected, considering the major role of these genes
in T-cell activation, no effect was observed for antibody-mediated rejection (ABMR). In
conclusion, the SNP rs3087243 located in the CTLA-4 gene may be considered a useful
independent biomarker for TCMR risk especially for severe TCMR in patients who did no
received thymoglobulin induction therapy.

Keywords: allograft rejection, Banff classification, cytotoxic T-lymphocyte associated protein 4, kidney
transplantation, polymorphism
INTRODUCTION

The knowledge related to kidney transplantation has progressed considerably during the past years
thanks to a better understanding of the role of the immune system in allograft rejection and an
enhanced management of immunosuppression (1). In fact, the risk of acute rejection during the first
year after transplantation is now less than 15% (2). However, rejection episodes occur and, despite
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all the improvements, the rates of graft survival beyond 5 years
remain almost unaltered (3–5). It is well known that acute
rejection after kidney transplantation is a major cause of
allograft loss (6). In this complex process, that involves
interaction among multiple cells, T-lymphocytes play a major
role in recognizing alloantigens and, therefore, in the immune
response against the donor organ (2, 7). The complete T cell
activation requires the costimulatory signal through CD28
binding with CD86, which competes with the inhibitory signal
through cytotoxic T-lymphocyte associated protein 4 (CTLA-4)
(8). Several polymorphisms in the genes encoding these
molecules have been widely studied considering the crucial
significance of the costimulatory signal in T-cell activation.

The CTLA-4 gene encodes a member of the immunoglobulin
superfamily, and some polymorphisms located in this gene alter the
protein expression levels (9). The SNP rs231775 (+49 A/G) in exon
1 of the CTLA-4 gene, results in a substitution Thr17Ala and it
modifies the expression of the molecule on the T-cell membrane by
affecting the rates of endocytosis and surface trafficking (10–12).
The protein derived from the CTLA-4 +49*G allele has been
reported to exhibit a decreased inhibitory function, based on the
association of this allele with enhanced T-cell proliferation after in
vitro stimulation (13). In addition, the G allele of the +6230 A/G
SNP (rs3087243) in the 3´UTR of this gene drives low levels of
messenger RNA (mRNA) for the soluble isoform of CTLA-4
(sCTLA-4). Published data suggest that sCTLA-4 blocks the
CD28-CTLA-4 interaction, thereby enhancing T-cell activation (9,
14). Both polymorphisms have been studied in kidney
transplantation, with controversial results ranging from
association with acute rejection (15–20) to lack of association
(21–23).

The polymorphism rs3116496 of the CD28 gene in the 2q33
chromosomal region, leads to a T/C substitution at position 17 in
the third intron, and it has been involved in splice site
identification (20). Previous studies have reported the
association between this SNP and acute susceptibility to acute
allograft rejection, but the results were inconsistent, including
both an increased risk (20, 24) and lack of association (18).

Finally, the polymorphisms 1057G/A (rs1129055) in the
CD86 gene causes an A304T substitution in exon 8 (25) that
introduces a potential phosphorylation site in the cytoplasmic
region (26).Therefore, this SNP may alter the levels of tyrosine
kinase phosphorylation of the CD86 cytoplasmic tail and could
influence the signal transduction pathway (20, 27, 28). Previous
studies have revealed the association between the CD86 +1057G/
A variant and a reduced risk of acute rejection (29, 30), but lack
of association has also been reported (31).

Given these apparently inconsistent results, we decided to
analyze the aforementioned polymorphisms in a well powered
cohort, in order to elucidate the potential associations with
kidney transplant outcome. The identification of predictive
factors involved in allograft rejection continues as an
important research topic to improve long term allograft
survival and to establish personalized therapies. To date, no
good biomarkers exist to predict post-transplant complications
(32); therefore genetic polymorphisms could be a useful tool.
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PATIENTS AND METHODS

Study Design
We performed a retrospective observational study of a kidney
transplant cohort. The clinical and research activities being
reported are consistent with the Principles of the Declaration of
Helsinki considering ethical principles for human research. The
study was approved by the Ethics Committee of the Hospital
(CEIC Hospital Clinico San Carlos, ethical approval code 14/
438-E) and written informed consent was obtained from
every patient.

Patients and Clinical Data
Between January 2005 and December 2016 a total of 869 adult
patients received a deceased donor organ in the Transplant Unit
of the Hospital Clıńico San Carlos (Madrid, Spain). We excluded
non Caucasian patients, recipients with graft loss due to non-
immunologic causes in the first three months, and patients who
died in the immediate postoperative period. Our final cohort
included 632 patients (Figure 1).

All diagnoses of rejection were confirmed by biopsy, and both
T cell-mediated rejection (TCMR) and antibody-mediated
rejection (ABMR) were categorized according to the Banff
classification (33, 34). TCMR includes acute cellular rejection,
borderline or chronic active rejections were not included. Graft
loss was defined as returning to chronic dialysis or death with a
functioning graft. An ultrasound-guided graft biopsy was
accomplished in patients in whom acute rejection was
suspected (increased serum creatinine > 0.5 mg/dl ruling out
other causes of kidney function worsening) and in all patients
with delayed graft function every 7 days until kidney function
began to improve. Delayed graft function was defined as the need
for dialysis and/or no improvement in creatinine (<1mg/dl
compared to baseline) in the first week Deposition of C4d was
studied by immunohistochemistry.

Immunosuppression
The immunosuppressive protocol was as follows: patients who
received a kidney from a brain dead donor were treated
mainly with tacrolimus, mycophenolate mofetil, and
methylprednisolone; in donors with expanded criteria or when
the ischemia time was long (up to 24h), they also received
Interleukin-2 receptor antagonist (IL2ra) or thymoglobulin.
When the organ was donated after circulatory death, most
patients received treatment with tacrolimus, mycophenolate
mofetil, and methylprednisolone combined with IL2ra or
thymoglobulin. In patients who received thymoglobulin,
tacrolimus was introduced between days 4 and 6 after
transplant. The induction therapy with IL2ra was applied in
179 patients and 350 subject received induction therapy with
thymoglobulin. The group of patients treated with IL2ra was
included in the non-thymoglobulin induction therapy.

Polymorphism Genotyping
The Genomic DNA was extracted from EDTA-anticoagulated
peripheral whole blood, and all polymorphisms were genotyped
June 2021 | Volume 12 | Article 650979
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in a 7900HT Fast Real-Time PCR System using TaqMan assays, as
recommended by the manufacturer (Applied Biosystems, Foster
City, CA, USA). The assay number of each SNP was for the CTLA-4
gene: +49 A/G (rs231775; C:_2415786_20), +6230 A/G (rs3087243,
C:_3296043_10); for the CD28 gene: +17T/C (rs3116496¸
C:25922478_10) and finally for the CD86 gene. +1057 A/G
(rs1129055, C:_7504226_10).

Statistical Analysis
Quantitative variables were compared by using the chi-square
test or Fisher exact test and expressed as frequency distributions.
Qualitative variables were expressed as mean (SD) or median
(IQR) for non-normally distributed variables. Variables with
p<0.15 in the univariate analysis were included in the logistic
regression model. The statistical package used was SPSS
version 15.0.
RESULTS

Demographic and clinical characteristics of the kidney transplant
cohort are reported in Supplementary Table 1. The genotypic
frequencies of CTLA-4 rs231775 polymorphisms were: 51.7%
AA, 40.4% AG and 8.9% GG and for the CTLA-4 rs3087243
polymorphism were: 24.3% AA, 51.5% AG and 24.2% GG. The
genotypic frequencies of CD28 rs3116496 SNP were 64.6% TT,
30.8% TC and 4.6% CC. Finally, the genotypic frequencies of
CD86 rs1129055 polymorphism were: 50.4% GG, 41.3% GA and
8.3% AA. The distribution of genotypes for all the SNPs studied
Frontiers in Immunology | www.frontiersin.org 3
was consistent with the Hardy-Weinberg Equilibrium (HWE)
assessed by using chi-square test.

In the overall cohort (n=632), T cell-mediated rejection
(TCMR) episodes were found in 21.4% of patients, the TCMR
graded Banff ≥2 was observed in 16.0% and antibody-mediated
rejection (ABMR) appeared in 7.1% of subjects. In this overall
cohort, a protective effect of the CTLA-4 rs3087243*G allele was
found for all TCMR, and only in the dominant model for TCMR
Banff ≥2 (Table 1).

Next, we decided to complete the analysis stratifying our
cohort by considering treatment with thymoglobulin. The
stratification by induction therapy with IL2ra was not
considered because this induction therapy showed increased
risk for TCMR instead of protection in our cohort (63 vs 116
OR = 2.87 (1.93-4.27); p <0.001, Supplementary Table 1). A total
of 350 out of the 632 patients (55.4%) received thymoglobulin
induction therapy. In this group, 11.7% of patients suffered
TCMR, 8.9% TCMR Banff ≥2, and 9.1% ABMR. In this
subgroup of subjects treated with thymoglobulin, none of the
polymorphisms under study showed any effect either in the
dominant or in the recessive models (Table 2). In the other 282
(44.6%) patients who did not receive thymoglobulin induction
therapy, TCMR appears in 33.3% of them; TCMR Banff ≥2 in
24.8%, and 4.6% suffered ABMR. A protective effect against
TCMR was observed in carriers of the G allele of the CTLA-4
rs3087243 polymorphism, and a trend for protection was found
in patients with TCMR Banf≥2 (Table 3). For ABMR no
association was evidenced for any of the polymorphisms in the
three groups (Tables 1–3).
FIGURE 1 | Flowchart of the patients included in the study.
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Finally, we performed a multivariate analysis for all TCMR
and for TCMR Banff ≥2. We observed that the protective effect
found in carriers of the CTLA-4 rs3087243*G allele, remained as
an independent factor in all TCMR and in TCMR Banff ≥2 both
in the overall cohort and in the group without thymoglobulin
induction therapy (Tables 4, 5).
Frontiers in Immunology | www.frontiersin.org 4
DISCUSSION

T-cell activation requires additional signals to the T cell receptor
(TCR) complex, specifically costimulatory signals. Among them,
antigen presenting cells display CD86, which is a ligand for two
different T-cell membrane receptors, CD28 and CTLA-4 (8).
TABLE 2 | Univariate analysis for rejection in patients with Thymoglobulin induction therapy.

SNP ID-Gene Dominant model TCMR TCMR Banff ≥2 ABMR

OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value

rs231775 - CTLA-4 GG+AG 0.71 (0.37-1.37) 0.305 1.01 (0.48-2.11) 0.983 1.08 (0.52-2.23) 0.840
rs3087243 - CTLA-4 GG+AG 0.67 (0.32-1.41) 0.291 0.72 (0.31-1.69) 0.450 1.44 (0.54-3.89) 0.468
rs3116496 - CD28 CC+CT 1.21 (0.62-2.35) 0.570 1.42 (0.68-2.99) 0.351 1.00 (0.47-2.13) 0.993
rs1129055 - CD86 AA+AG 1.13 (0.59-2.16) 0.718 0.99 (0.47-2.08) 0.983 0.93 (0.45-1.92) 0.840

SNP ID-Gene Recessive model
rs231775 - CTLA-4 GG 1.13 (0.37-3.41) 0.772* 1.60 (0.52-4.92) 0.502* 1.54 (0.50-4.72) 0.508*
rs3087243 - CTLA-4 GG 0.96 (0.45-2.04) 0.906 1.47 (0.66-3.26) 0.339 0.66 (0.26-1.67) 0.382
rs3116496 - CD28 CC 0.57 (0.07-4.47) 1.000* Undefined 0.623* 0.77 (0.10-5.98) 1.000*
rs1129055 - CD86 AA 0.98 (0.28-3.43) 1.000* 0.85 (0.19-3.76) 1.000* 0.38 (0.05-2.89) 0.492*
June 202
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*Fisher exact test (two-tailed).
TABLE 3 | Univariate analysis for rejection in patients with no Thymoglobulin induction therapy.

SNP ID-Gene Dominant model TCMR TCMR Banff ≥2 ABMR

OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value

rs231775 - CTLA-4 GG+AG 0.88 (0.54-1.45) 0.613 0.81 (0.46-1.39) 0.445 0.97 (0.32-2.97) 0.961
rs3087243 - CTLA-4 GG+AG 0.57 (0.33-0.97) 0.038 0.59 (0.33-1.05) 0.069 0.42 (0.14-1.29) 0.198*
rs3116496 - CD28 CC+CT 0.73 (0.43-1.25) 0.246 0.62 (0.34-1.13) 0.119 0.59 (0.16-2.19) 0.554*
rs1129055 - CD86 AA+AG 0.65 (0.40-1.07) 0.092 0.75 (0.43-1.29) 0.301 2.37 (0.71-7.88) 0.148

SNP ID-Gene Recessive model
rs231775 - CTLA-4 GG 0.73 (0.28-1.94) 0.530 0.28 (0.06-1.24) 0.075 Undefined 0.608*
rs3087243 - CTLA-4 GG 0.75 (0.41-1.39) 0.363 0.57 (0.28-1.17) 0.125 0.62 (0.13-2.87) 0.739*
rs3116496 - CD28 CC 0.72 (0.22-2.31) 0.574 0.75 (0.20-2.73) 1.000* Undefined 1.000*
rs1129055 - CD86 AA 0.94 (0.41-2.17) 0.888 1.80 (0.79-4.10) 0.160 2.93 (0.76-11.34) 0.127*
*Fisher exact test (two-tailed).
TABLE 1 | Univariate analysis for rejection.

SNP ID-Gene Dominant model TCMR TCMR Banff ≥2 ABMR

OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value

rs231775 - CTLA-4 GG+AG 0.78 (0.53-1.14) 0.197 0.83 (0.54-1.28) 0.402 1.08 (0.59-1.98) 0.808
rs3087243 - CTLA-4 GG+AG 0.55 (0.36-0.84) 0.005 0.57 (0.36-0.92) 0.019 0.95 (0.47-1.93) 0.887
rs3116496 - CD28 CC+CT 0.84 (0.56-1.26) 0.410 0.81 (0.52-1.28) 0.370 0.90 (0.47-1.71) 0.742
rs1129055 - CD86 AA+AG 0.82 (0.56-1.20) 0.311 0.85 (0.55-1.30) 0.442 1.20 (0.66-2.21) 0.551

SNP ID-Gene Recessive model
rs231775 - CTLA-4 GG 0.85 (0.41-1.73) 0.644 0.65 (0.27-1.56) 0.333 1.07 (0.37-3.12) 0.784*
rs3087243 - CTLA-4 GG 0.80 (0.50-1.27) 0.333 0.81 (0.48-1.36) 0.425 0.67 (0.31-1.48) 0.318
rs3116496 - CD28 CC 0.76 (0.28-2.03) 0.579 0.60 (0.18-2.00) 0.603* 0.46 (0.06-3.41) 0.713*
rs1129055 - CD86 AA 1.06 (0.54-2.07) 0.872 1.57 (0.76-3.10) 0.191 1.05 (0.36-3.05) 0.788*
*Fisher exact test (two-tailed).
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Binding of CD86 to CD28 stimulates the T-cell, whereas binding
of CD86 to CTLA-4 inhibits T-cell activation. Due to the
important role in T cell-mediated immune response, the
polymorphisms located in the genes encoding these proteins
and related to their levels of expression have been widely
explored in order to establish the association between these
gene variants and acute allograft rejection risk. Despite the
numerous studies performed to date, their results have not
been consistent; in fact, the association with rejection risk is
seemingly conflicting and contradictory (15–24, 29–31, 35).
These apparently controversial results may be a consequence
of lack of statistical power in the analyzed cohorts, since most of
them included less of 200 patients.

Our data in a well-powered cohort show that among the SNPs
selected, the CTLA-4 rs3087243*G allele was associated with
protection against kidney transplant rejection. The association
was found in carriers of the CTLA-4 +6230 G allele, which
determines lower levels of sCTLA-4 mRNA. This finding seems
to support the role of the T-cell inhibitory effect of CTLA-4 in the
protection against kidney allograft rejection. The statistical
power of our cohort with 632 subjects ratifies the observed
Frontiers in Immunology | www.frontiersin.org 5
protective effect, which is further confirmed by the multivariate
analysis where it arose as an independent factor. Moreover,
it has been reported that patients with CTLA-4 mutations
present a complex dysregulation syndrome characterized by
hypogammaglobulinemia, recurrent infections derived from
the immunodeficiency and multiple autoimmune diseases
(36). Although these patients showed lymphoproliferation, they
were lymphopenic in the periphery, with lymphocytic tissue
infiltration, and the peripheral blood analysis revealed
increased levels of T-regulatory (Treg) cells within CD4+ T-
cells (36, 37). These evidences, together with the reported
constitutive expression of CTLA-4 by Treg cells (38) as the
major cell type expressing CTLA-4 (39), could explain why
transplanted patients carrying alleles associated with reduced
sCTLA-4 would preserve the immunosuppressive effect of
Tregs, and thus would exhibit protection against acute
allograft rejection.

In short, the paradigm of CTLA-4 as a major negative
regulator of T cell response is under revision. It is now
suggested that the mechanism of action of CTLA-4 include not
only inhibitory signals, but regulatory functions, controlling the
access of CD28 to their ligands (39). Thus, the alloimmune
responses and the different susceptibility to rejection could be the
result of CTLA-4 plasticity to perform different functions in
different T-cells, mainly in Treg cells (39).
TABLE 4 | Multivariate analysis for TCMR.

Parameter *OR (95%CI) p value

All patients
Re-transplant

Yes
No

2.50 (1.34-4.67)
1

0.004

Male donor
Yes
No

1.69 (1.07-2.67)
1

0.025

PRA >50%
Yes
No

2.25 (1.01-5.01)
1

0.047

Thymoglobulin Induction therapy
Yes
No

0.18 (0.11-0.29)
1

<0.001

rs3087243 G/A- CTLA-4
GG+AG
AA

0.54 (0.35-0.85)
1

0.007

No Thymoglobulin induction therapy
Recipient >60

Yes
No

1.66 (0.94-2.92)
1

0.080

Male donor
Yes
No

1.83 (1.04-3.22)
1

0.036

rs3087243 G/A- CTLA-4
GG+AG
AA

0.56 (0.32-0.98)
1

0.042

With Thymoglobulin induction therapy
Re-transplant

Yes
No

2.37 (1.02-5.54)
1

0.045

Male recipient
Yes
No

1.98 (0.94-4.19)
1

0.074

PRA >50%
Yes
No

2.42 (0.98-5.96)
1

0.055
*Adjusted for donor and recipient age, gender, re-transplant, cold ischemia time,
Thymoglobulin induction therapy and PRA >50%.
TABLE 5 | Multivariate analysis for TCMR Banff ≥ 2.

Parameter *OR (95%CI) p value

All patients
Re-transplant

Yes
No

2.74 (1.39-5.40)
1

0.004

Male donor
Yes
No

1.66 (0.99-2.77)
1

0.054

PRA >50%
Yes
No

2.78 (1.15-6.73)
1

0.023

Thymoglobulin Induction therapy
Yes
No

0.19 (0.11-0.33)
1

<0.001

rs3087243 G/A- CTLA-4
GG+AG
AA

0.56 (0.34-0.91)
1

0.019

No Thymoglobulin induction therapy
Re-transplant

Yes
No

3.19 (1.21-8.43)
1

0.019

Male donor
Yes
No

1.80 (0.95-3.40)
1

0.071

rs3087243 G/A- CTLA-4
GG+AG
AA

0.51 (0.28-0.93)
1

0.029

With Thymoglobulin induction therapy
PRA >50%

Yes
No

5.31 (2.41-11.72)
1

<0.001
June
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*Adjusted for donor and recipient age, gender, re-transplant, cold ischemia time,
Thymoglobulin induction therapy and PRA >50%.
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On the other hand, it is well known that the dose of
immunosuppressive drugs and the immunosuppressive regimes
influence the susceptibility to acute rejection (40). Randomized
studies have shown that induction therapy with thymoglobulin is
effective in preventing biopsy-proven acute rejection (BPAR),
and specifically, steroid-resistant BPAR in kidney transplant
patients, independently of other established risk factors (41, 42).

As the multivariable analysis revealed, the protective effect of
theCTLA-4 rs3087243*G allele is independent of other well-
known risk factors including thymoglobulin induction.
However; this therapy is so effective protecting against TCMR
(only 41 patients suffered TCMR under thymoglobulin
induction) that the reduced statistical power hampers the
detection of the protective effect of CTLA-4 rs3087243*G allele.
The size of our cohort limits the statistical power and prevents
multiple comparison corrections in the univariate analyses of the
subgroups. Nonetheless, the use of a single cohort belonging to
the same area of Spain is essential to genetic studies as it
minimizes the population stratification. In addition, all the
biopsies have been reviewed by the same pathologist, thus
avoiding the bias that might occur when different observers
participate to categorize rejection episodes according to the
Banff classification.
CONCLUSION

Our data suggest that the CTLA-4 polymorphism rs3087243
(+6230 A/G) could be considered as a good independent
predictive biomarker for kidney allograft rejection mainly for
TCMR Banff graded ≥2 in patients who did not receive induction
therapy with thymoglobulin.
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Angel Garcıá Martinez for expert technical assistance. This
publication has been funded by the project ASF.FERP.15. Jose
Luis Santiago holds a Juan Rodés contract and a FIS PI16/01135
grant, funded by the ISCIII and co-funded by the European
Regional Development Fund (ERDF) “A way to make Europe”.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.650979/
full#supplementary-material

Supplementary Table 1 | Demographic and clinic characteristics of the kidney
transplant cohort.
REFERENCES
1. SayeghMH,Carpenter CB. Transplantation 50 Years Later— Progress, Challenges,

and Promises. N Engl J Med (2004) 351:2761–6. doi: 10.1056/nejmon043418
2. Schwartz RS, Nankivell BJ, Alexander SI. Mechanisms of Disease Rejection of

the Kidney Allograft. N Engl J Med (2010) 363:1451–62. doi: 10.1097/
SA.0b013e318218e73c

3. Meier-Kriesche HU, Schold JD, Srinivas TR, Kaplan B. Lack of Improvement
in Renal Allograft Survival Despite a Marked Decrease in Acute Rejection
Rates Over the Most Recent Era. Am J Transplant (2004) 4:378–83.
doi: 10.1111/j.1600-6143.2004.00332.x

4. Lamb KE, Lodhi S, Meier-Kriesche HU. Long-Term Renal Allograft Survival
in the United States: A Critical Reappraisal. Am J Transplant (2011) 11:450–
62. doi: 10.1111/j.1600-6143.2010.03283.x

5. Hart A, Smith JM, Skeans MA, Gustafson SK, Wilk AR, Castro S, et al. OPTN/
SRTR 2018 Annual Data Report: Kidney. Am J Transplant (2020) 20(1):20–
130. doi: 10.1111/ajt.15672

6. El-Zoghby ZM, Stegall MD, Lager DJ, Kremers WK, Amer H, Gloor JM, et al.
Identifying Specific Causes of Kidney Allograft Loss. Am J Transplant (2009)
9:527–35. doi: 10.1111/j.1600-6143.2008.02519.x
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