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Abstract

Background: Angiotensin Il type 1 receptor antibodies (AT1R-Abs) and endothelin-type

A receptor antibodies (ETAR-Abs) are G protein-coupled-receptor activating autoantibodies
associated with antibody-mediated rejection (AMR), vascular pathology, increased cytokines,
allograft dysfunction, and allograft loss in pediatric kidney transplant recipients (KTRS) in the
first 2 years post-transplantation. The impact of AT1R-Ab and ETAR-Ab positivity on longer term
5-year transplant outcomes is unknown.

Methods: One hundred pediatric KTRs were tested for ETAR-Ab and AT1R-Ab on serially
collected blood samples in the first 2 years post-transplant. Biopsies were collected per protocol
and 6, 12, and 24 months post-transplant and at any time over the 5 year follow-up period for
clinical indication. Clinical outcomes including renal dysfunction, rejection, human leukocyte
antigen donor specific antibodies (HLA DSA), and allograft loss were assessed through 5 years
post-transplantation.

Results: AT1R-Ab and/or ETAR-ADb were positive in 59% of patients. AT1R-Ab and/or ETAR-
Ab positivity was associated with greater declines in eGFR and de novo AT1R-Ab and/or
ETAR-Ab was associated with allograft loss in the first 2 years post-transplant. There was no
association between antibody positivity and rejection, AMR, or allograft loss in the first 5 years
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post-transplant. In a model controlled for age, sex, immunosuppression, and HLA mismatch,
AT1R-Ab and/or ETAR-AD positivity was significantly associated with development of HLA DSA
at 5 years post-transplant (OR 2.87, p=0.034).

Conclusions: Our findings suggest temporally distinct clinical complications associated with
AT1R-Ab and/or ETAR-AD positivity in pediatric patients; these patterns of injury are of
significant interest for the development of effective treatment strategies.

INTRODUCTION

Antibody-mediated rejection (AMR) remains a leading cause of allograft loss in both adult
and pediatric kidney transplant recipients.2:2 Antibodies to human leukocyte antigen donor
specific antibodies (HLA DSAs) have been well described in the pathogenesis of AMR.
The potential role of non-HLA antibodies in both AMR and allograft dysfunction remains
an important area of study. Among the most examined non-HLA antibodies in solid organ
transplantation, angiotensin 1l type 1 receptor antibodies (AT1R-Abs) and endothelin-type A
receptor antibodies (ETAR-Abs) are activating autoantibodies to their respective G-protein-
coupled receptors (GPCRs). AT1R-Ab and ETAR-AD have been associated with AMR,
vascular pathology, increased cytokines, and allograft dysfunction in kidney transplant
recipients.3-10 The mechanisms of injury remain unclear: both classical mechanisms of
antibody-mediated allograft injury and overactivation of GPCRs may contribute to the
clinical findings.3:11:12

We and others3-16 have recently reported the increased prevalence of AT1R-Ab and ETAR-
Ab in pediatric kidney transplant recipients (KTRs). Furthermore, AT1R-Ab and ETAR-Ab
are associated with higher risk of allograft loss, decline in eGFR, and elevation of cytokines
in pediatric KTRs in the first 2 years post-transplant.13:17.18 The role of additional clinical
factors in explaining variations in clinical phenotypes of AT1R-Ab and ETAR-Ab positive
transplant recipients remains unclear. Factors such as concurrent HLA DSA (increased risk
over time post-transplant) and/or ischemic injury (which is common in the peri-operative
period) may potentiate the impact of AT1R-Ab and ETAR-Ab.#519 We therefore sought to
evaluate the impact of AT1R-Ab and ETAR-ADb positivity in the first 2 years post-transplant
on 5-year clinical outcomes in a longitudinal cohort of pediatric KTRs.

MATERIALS AND METHODS

Patients, Samples, and Study Design

In this single-center study, 100 pediatric kidney transplant patients were monitored for 5
years post-transplant (Figure 1). Patients were transplanted between August 2005 and April
2017 and monitored as part of the UCLA Pediatric Kidney Transplant Immune Monitoring
Study. All patients transplanted at our center are offered the opportunity to participate in
the study. The patients included in this analysis are the first 100 patients within this time
frame who had complete blood sample collection in the first 2 years post-transplantation
(maximum of 1 missing study sample). Our previous work reported on 2 year outcomes in
the first 65 patients in this cohort.13:18 Study blood samples from pre-transplant and at 6,
12, and 24 months post-transplant and for indication (time of biopsy) in the first 2 years

Transplantation. Author manuscript; available in PMC 2025 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pearl et al.

Page 3

were analyzed for AT1R-Ab and ETAR-Ab. Samples were tested for non-HLA antibodies
retrospectively. This study was approved by the UCLA Institutional Review Board (#11-
002375) and conforms with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards and the Principles of the Declaration of Istanbul. Informed
consent and when appropriate patient assent was obtained for all patients. Demographic and
clinical data including age, race, ethnicity (Hispanic or Latino vs Not Hispanic or Latino),
etiology of end stage renal disease, transplant type (deceased/living donor), sensitization
history, time on dialysis, delayed graft function (defined as dialysis in the first week
post-transplant), immunosuppression regimen, and blood pressure were collected. Patients
were monitored for rejection, allograft loss, and decrease in eGFR as determined by the
CKiD Under 25 glomerular filtration rate estimating equationZC. Study data were collected
and managed using a secure REDCap (Research Electronic Data Capture) electronic data
capture tools hosted at UCLA?2L, Of the 100 patients, 15 suffered graft loss during the
follow up period and 1 patient died due to malignancy. The median (IQR) follow-up time
for patients without complete follow up due to transfer or care or other reason was 40.5
(29-48) months. Sixty-one patients had surviving allografts and complete follow up at 5
years. Additional allograft loss data for patients without complete clinical follow up to 5
years was collected based on dates of transplant failure recorded in the transplant database.
Patients were categorized as “antibody positive” if either AT1R-Ab or ETAR-Ab were
positive on a study blood sample. Patients were considered to have preformed antibody

if the pre-transplant sample was positive, and they were also positive on a post-transplant
sample. Patients were considered to have de novo antibody to AT1R-Ab or ETAR-AD if the
pre-transplant sample was negative and at least one post-transplant sample was positive.

Clinical Protocols and Biopsy Evaluation

UCLA immunosuppressive regimen for pediatric transplant recipients included induction
with either ATG for PRA > 30%, delayed graft function, or rapid-steroid withdrawal
protocol or anti-CD25 monoclonal antibody for those with PRA<30%. Maintenance
immunosuppression consisted of steroid-free or steroid-based immunosuppression, a
calcineurin inhibitor, and an anti-metabolite. Acute and chronic rejection were treated with
previously described protocols.22:23

Patients underwent protocol biopsies at 6, 12, and 24 months post-transplantation or for
clinical indication (per clinical practice at our center for the duration of the study period).
Biopsy data were evaluated based on clinical reports. Patients classified as having AMR and
ACR 1a or higher met Banff 2019 criteria for AMR and ACR respectively.24 Patients with
borderline ACR were considered positive for rejection in our analysis and were classified as
having borderline ACR based on clinical pathology diagnosis at time of biopsy. Diagnoses
of borderline ACR were included in our rejection classification because our protocol was to
treat these patients with pulse steroids throughout the duration of the study period. Reports
that did not include Banff scoring in the clinical report (this included biopsies from prior to
2010 and any additional cases with missing data) or that had an unclear clinical diagnosis
were re-reviewed by a pathologist and scored for our analysis. Biopsy findings including
interstitial fibrosis and tubular atrophy (IF/TA), acute glomerulitis (g), acute tubulitis (t),
acute interstitial inflammation (i), acute intimal arteritis (Vv), acute peritubular capillaritis
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(aptc), chronic glomerulopathy (cg), mesangial matrix expansion (mm), tubular atrophy
(ct), interstitial fibrosis (ci), arterial fibrous intimal thickening (cv), arteriolar hyalinosis
thickening (ah) were assessed. Scores > 0 were considered positive for a given finding. The
highest score over time for each patient was used for analysis. One antibody negative and

3 antibody positive patients were missing biopsy scores due to biopsies being performed at
outside institutions and were excluded from those analyses.

Antibody Testing

HLA typing of recipient and donor was performed using molecular methods as previously
described.22 For patients transplanted prior to 2012, HLA antibodies in the first 2 years post-
transplantation were detected using a Luminex single antigen bead (SAB) assay (Immucor,
Norcross, GA) on study samples due to lack of protocolized clinical testing. For patients
transplanted after 2012, HLA antibodies in the first 2 years post-transplantation were
assessed using Luminex single antigen bead (SAB) assay (One Lambda, Canoga Park,
CA) and were completed as part of clinical testing. All HLA antibody testing after 2 years
post-transplantation for the entire cohort was also completed using Luminex single antigen
bead (SAB) assay (One Lambda, Canoga Park, CA) that was completed as part of clinical
testing. Clinical samples after 2 years post-transplantation were assessed yearly as part of
our clinical protocols and/or for clinical indication. HLA antibodies were quantified by
mean fluorescence intensity (MFI). Antibodies were considered positive when MFI was
>1000 for HLA-A, -B, -DR, -DQ, and =2000 for HLA-C and —-DP.2

ATI1R -Ab and ETAR-Ab were measured by enzyme-linked immunosorbent based assay.
Study samples were aliquoted within 8 hours from the time the sample was drawn and

then frozen and stored at —80C in the UCLA Immunogenetics Center (UIC). Samples were
thawed only once, at the time of testing, to preserve the integrity of the IgG and tested in
batches for AT1R-Ab and ETAR-Ab. ELISA tests were conducted rigorously based on the
manufacturer’s instructions. Sera were diluted 1:100, tested in duplicate and AT1R-Ab and
ETAR-ADb concentrations were determined by a standard curve. AT1R-Ab IgG >17 U/ml and
ETAR-Ab > 10 U/mL was considered positive based on other studies,2® recommendations
from the test manufacturer, and our previous receiver operating curve analyses.13-18 We did
not find any trend in our data to suggest that the age of the sample had an impact on the
results.

Statistical Methods

Patients who were ever AT1R-Ab and/or ETAR-Ab positive on any blood sample were
compared to patients who were antibody negative on all samples. Categorical variables were
compared between groups using chi-square and Fisher’s exact test. Continuous variables
were compared between groups using either the Kruskal-Wallis test or one-way ANOVA
based on the distribution of the data. Mixed-effect linear regression was used to estimate

the effect of AT1R-Ab and/or ETAR-ADb positivity on change in eGFR over time, and
logistic regression was used to evaluate the association between antibody positivity and
development of HLA DSA by 5 years post-transplant. The odds ratios and regression
coefficients are reported, along with 95% confidence intervals. A Cox proportional-hazards
regression model was used to compare time to development of HLA DSA up to 5 years
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post-transplant in patients still at risk at the end of study sample collection (26.5 months).
A p-value below 0.05 was considered statistically significant and all tests were two-sided.
Analyses were completed in Stata/SE 15.1 and R v4.1.0.

Fifty-nine of 100 patients were positive for AT1R-Ab and/or ETAR-ADb in the first 2 years
post-transplant. Of those patients, 41/59 (69%) had both AT1R-Ab and ETAR-Ab, 15/59
(25%) had AT1R-ab alone and 3/59 (5%) had ETAR-AD alone. The majority of antibody
positive patients, 56/59 (95%) were AT1R-Ab positive. The median levels and interquartile
ranges (IQR) for AT1R-Ab and ETAR-AD in all samples in the entire cohort were 14.9
(9.7-22.4) and 6.6 (3.3-15) units/mL respectively. Clinical and demographic characteristics
of patients by AT1R-Ab and/or ETAR-AD status are shown in Table 1. Patients with

an available pre-transplant sample (n=85) were categorized as either having preformed
(positive both pre- and post-transplant) or de novo (negative pre-transplant and positive
post-transplant) antibodies. Younger age was associated with antibody positivity. Deceased
donor transplantation was associated with de novo AT1R-Ab and/or ETAR-Ab (Table 1).
Five patients received angiotensin receptor blockers (ARBs) during the study period, all in
the AT1R-Ab and/or ETAR-AD positive group (Table 1).

Eight patients had allograft loss in the first 2 years post-transplant; 6 were from rejection,

1 was from disease recurrence and 1 was from thrombosis. De novo AT1R-Ab and/or
ETAR-Ab was associated with allograft loss in the first 2 years post-transplant (p=0.018,
Table 2). An additional 7 patients lost their allografts between 2-5 years post-transplant; 6
from rejection and 1 from disease recurrence. There was no association between AT1R-Ab
and/or ETAR-AD and allograft loss at 5 years post-transplant. Any rejection (including
borderline ACR) and AMR were more common in the antibody positive group in the first

2 years post-transplantation, but this relationship was not statistically significant (p=0.066
and 0.075 respectively, Table 2). There was no association between any rejection or AMR in
the first 5 years post-transplant and antibody positivity. Biopsy findings/scores over 5 years
post-transplant were compared by antibody status (Table S1). De novo AT1R-Ab and/or
ETAR-Ab was associated with glomerulitis (p=0.025). All cases of intimal arteritis occurred
in antibody positive patients, but this did not meet statistical significance (p=0.073, Table
S1).

Change in eGFR over time was evaluated by antibody status at both 2 and 5 years post-
transplant. Models were adjusted for sex, induction regimen, steroid free vs. steroid based
immunosuppression, and number of HLA mismatches. Antibody positivity was associated
with decline in eGFR in the first 2 years post-transplantation (slope coefficient, CI of
-0.58 (-0.96, —0.21) per month, p=0.002). When broken down by preformed and de novo
antibody, de novo antibody positivity remained significantly associated with decline in
eGFR over the first 2 years post-transplantation (slope coefficient, CI of -0.51( —0.99,
—0.04) per month, p=0.035). However, on extended follow up, neither overall antibody
positivity nor de novo antibody development was associated with reduction in eGFR over
time at 5 years post-transplantation (Figure 2). Younger age was also significantly associated
with greater declines in eGFR slope in all models (Table S2).
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Out of 27 patients with both HLA DSA and AT1R-Ab and/or ETAR-Ab, 19 (70%)
developed AT1R-Ab/ETAR-Ab before HLA DSA, 2 (7%) developed HLA DSA before
AT1R-Ab/ETAR-AD, and 6 (22%) developed HLA DSA and AT1R-Ab/ETAR-Ab
simultaneously. There was a borderline association between AT1R-Ab/ETAR-Ab positivity
and the development of HLA DSA in the first 5 years post-transplantation (p=0.087, Table
2) on unadjusted analysis. In a model (Table 3) adjusted for age, sex, steroid free vs.

steroid based immunosuppression, and HLA mismatch (out of 8), AT1R-Ab and/or ETAR-
Ab positivity was significantly associated with development of HLA DSA at 5 years post-
transplant (OR 2.87, p=0.034). As expected, HLA Mismatch was also associated with HLA
DSA in this model (OR 1.31, p=0.033). Interestingly, this relationship appeared not to be
impacted by pre-formed vs. de novo AT1R-Ab/ETAR-Ab (Table 3). We found no interaction
effect between HLA DSA and AT1R-Ab and/or ETAR-AD positivity on likelihood of
allograft loss or change in eGFR (data not shown). On survival analysis of patients who
had functioning grafts and remained HLA DSA negative at 2 years post-transplant, patients
who were AT1R-Ab or ETAR-AD positive in the first 2 years post-transplant had greater
risk of developing HLA DSA between 2-5 years post-transplant, but this result was not
statistically significant (HR 3.28 (95% CI 0.64-16.82), p=0.155, Figure S1)

DISCUSSION

On extended follow up of our expanded pediatric kidney transplant cohort, pediatric KTRs
remained at high risk of AT1R-Ab and/or ETAR-Ab positivity in the first 2 years post-
transplantation. AT1R-Ab and/or ETAR-Ab positivity was associated with allograft loss,
decline in allograft function, and a trend towards increased risk of rejection in the first 2
years post-transplant, but these findings were not found upon extended follow up at 5 years.
Interestingly, at 5 years post-transplant, there was an association between early AT1R-Ab
and/or ETAR-AD and the development of HLA DSA. We did not observe any interaction
between HLA DSA, AT1R-Ab and/or ETAR-AD positivity and either eGFR or allograft loss
at 5 years post-transplantation.

After initially being described in HLA DSA negative patients with steroid resistant AMR
and hypertension in the landmark publication by Dragun et.al, AT1R-Ab has been associated
with poor kidney transplant outcomes in both adult*>.7:10.19.27-30 and pediatricl3.14.18.31
studies. Translational work in animal models and on cultured endothelial cells suggests
AT1R-Ab and ETAR-AD cause endothelial injury by hyperactivation of the AT1R and
ETAR receptors leading to upregulation in extracellular-signal regulated kinase (ERK)

and mechanistic target of rapamycin signaling (mTOR).3:11 Overall, this results in a pro-
inflammatory and pro-coagulant environment and derangements in endothelial cell repair
mechanisms that may preferentially impact the transplanted organ for reasons that are not
currently well understood. Clinical studies examining the association between AT1R-Ab and
clinical outcomes have been highlighted in a recent review32 and metanalysis.8 Most studies
have focused on pre-transplant AT1R-Ab and short term allograft outcomes. Interestingly,
one adult study found that patients with high pre-transplant AT1R-Ab had a higher risk

of rejection in the first 4 months post-transplant, but higher risk of allograft loss only

after 3 years post-transplant.10 The higher risk of rejection weighted towards the early
post-transplant period is consistent with our data. Though the higher risk of allograft loss
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in this study was statistically significant after 3 years post-transplant, the separation in

the survival curves primarily occurred after 6 years post-transplant. The differences in our
findings, therefore, may be related to the differences in the follow-up period which was
significantly longer in the adult study (mean 6.9 years, maximum 13.3 years) as well as
sample size.

We found an increased risk of HLA DSA at 5 years post-transplant on analysis controlled
for age, sex, steroid free vs. steroid based immunosuppression, and HLA mismatch

in patients with AT1R-Ab and/or ETAR-AD in the first 2 years post-transplant. This

is consistent with other studies that have found a relationship between AT1R-Ab and

the development of HLA DSAs.428:33.34 The mechanism of this association is not yet
understood. It is possible that increased HLA expression in the context of endothelial cell
inflammation provoked by AT1R and ETAR activation predisposes to the formation of HLA
DSA, however, this is an area in need of additional study. There is also evidence that HLA
DSA and AT1R-Ab may act synergistically in allograft injury.#>19:35 De novo HLA DSA
is a well known risk factor for shortened allograft survival, but requires longer follow up
periods to fully assess. Though we did not find an increased risk of allograft loss on 5

year follow-up in patients with AT1R-Ab/ETAR-ADb alone or with concomitant HLA DSA,
the association of AT1R-Ab/ETAR-Ab with the development of de novo HLA DSA in our
cohort suggests allograft loss risk may be increased in these patients after the 5 year time
point.

The relationship between AT1R-Ab and/or ETAR-Ab and clinical outcomes may be
significantly impacted by concurrent factors including time post-transplantation. It is worth
emphasizing that our findings do not support the idea that later development of AT1R-Ab

or ETAR-ADb is benign. Fichtner et al have reported that pediatric kidney transplant patients
with AT1R-Ab or ETAR-ADb at time of indication biopsies (completed an average of 53.5
months post-transplant) had significantly higher odds of allograft loss and renal dysfunction
in the subsequent 5 years.14:31 Our data suggest that in patients with preformed or early
post-transplant AT1R-Ab or ETAR-Ab on screening over the first 2 years post-transplant,
the risk of associated allograft dysfunction may be higher in the early post-transplant period.
The differences in study design yield distinct and complementary information. In the case
of our study, factors that may be involved in AT1R-Ab or ETAR-AD potentiating and/or
propagating early allograft injury include ischemia at the time of surgery and or high
calcineurin inhibitor levels early post-transplantation.36 These interactions, however, require
further investigation.

Our study unfortunately could not evaluate the non-HLA antibody status of patients after
the 2 year time point. This is a significant weakness in evaluating risk for ongoing allograft
injury. Follow up was also variable due to patients transferring or aging out of our health
system, which resulted in missing data. We did not have enough patients who received
ARBs to evaluate the impact of this medication on our findings. Strengths of our study
include the availability of protocolized blood and biopsy samples in the first 2 years,
relatively large size for a pediatric cohort, and comprehensive biopsy scoring. More detailed
information regarding both donor and recipient AT1R-Ab genotype may be of significant
interest.3” This was not available as part of this study, but would be an intriguing area for
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future investigation. Our study along with others highlights the gap between the clinical
data and our understanding of how and why AT1R-Ab and ETAR-Ab may be detrimental in
some clinical scenarios and not in others. To move the field forward, understanding factors
that determine the impact of AT1R-Ab and ETAR-AD on the allograft in vivo by in depth
examination of biopsy tissue will inform a more nuanced understanding of this clinical
conundrum.

Pediatric KTRs with AT1R-Ab and/or ETAR-ADb positivity in the first 2 years post-
transplantation, had higher risk of eGFR decline and allograft loss in the first 2 years
post-transplantation that did not extend to 5 years post-transplantation. Antibody positivity,
however, was a risk factor for development of HLA DSA at 5 years post-transplantation.
Given the frequency of AT1R-Ab and/or ETAR-AD positivity in our pediatric patients and
the significant implications of immune complications on future transplants, strategies for
evaluating and treating these antibodies are needed. A randomized control trial assessing the
impact of early treatment with AT1R and/or ETAR blockade will be central in answering
this open question.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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= AT1R-Ab ELISA (>17 U/mL) = HLA DSA Luminex (Clinical Testing)
= HLA DSA Luminex (>1000 MFI) = Estimated glomerular filtration rate (eGFR)

= Allograft Status

Figure 1: Study Samples and Clinical Data.
AT1R-Ab and ETAR-Ab were measured in the first 2 years post-transplant at protocolized

time points and at time of biopsies for clinical indication. Protocol biopsies were also
completed at 6 months, 1 year, and 2 years post-transplant. Clinical data including eGFR
and HLA DSA were assessed through 5 years post-transplant yearly and at times of biopsy
done for clinical indication.
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Figure 2: EGFR over timeby AT1R-Ab and/or ETAR-Ab Status.
The upper panels showing median (IQR) eGFRs by antibody group. Lower panels show

residual eGFR (observed eGFR at the given time point minus the “baseline” eGFR at
hospital discharge) to illustrate change over time. AT1R-Ab and/or ETAR-Ab positive
patients, had greater residual eGFR declines in time points prior to 24 months post-
transplant compared to antibody negative patients. However, these changes stabilized in
time points after 24 months post-transplant and there was significant variability in the data.
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Table 1.
Demographic and Clinical Factors by AT1R-Ab and/or ETAR-Ab Status.

Patients were considered AT1R-Ab and/or ETAR-Ab positive if they were positive for AT1R-Ab and/or
ETAR-AD in the first 2 years post-transplant. The entire cohort (n=100) is shown on the left. On the right,
patients with a pre-transplant sample available (n=85) are compared by timing of AT1R-Ab and/or ETAR-Ab
development.

AT1R-Ab De Novo Preformed
AT1R-Ab and/or AT1R-Ab AT1R-Ab AT1R-Ab
and ETAR- ETAR-Ab and ETAR- and/or and/or ETAR-
Ab Negative Positive P- Ab Negative ETAR-Ab Ab P-
(N=41) (N=59) value (N=35) (N=22) (N=28) value
Age, Mean (SD) 15.1 (4.8) 12.9 (5.0) 0.034 15.7 (4.4) 145 (4.6) 12.1(4.8) 0.011
Race
White 25 (61.0%) 37 (62.7%) 0.415 21 (60.0%) 12 (54.5%) 17 (60.7%) 0.707
Black 2 (4.9%) 8 (13.6%) 2 (5.7%) 4 (18.2%) 4 (14.3%)
Asian 3(7.3%) 3(5.1%) 2 (5.7%) 1 (4.5%) 0 (0.0%)
Other 11 (26.8%) 11 (18.6%) 10 (28.6%) 5 (22.7%) 7 (25.0%)
Ethnicity, Hispanic or
Latino 25 (61.0%) 33 (55.9%) 0.767 22 (62.9%) 13 (59.1%) 17 (60.7%) 0.959
Sex, Male 21 (51.2%) 36 (61.0%) 0.442 16 (45.7%) 11 (50.0%) 20 (71.4%) 0.106
Etiology of ESRD,
Glomerular (vs. non-
glomerular) 6 (14.6%) 9 (15.3%) 1.000 5 (14.3%) 5 (22.7%) 3(10.7%) 0.435
Dialysis Prior to Transplant 31 (79.5%) 49 (89.1%) 0.320 27 (81.8%) 21 (95.5%) 22 (88.0%) 0.394
Yearson Dialysis Prior to
Transplant, Mean (SD) 2317 2.4 (1.6) 0.783 24 (1.7) 2.4 (1.6) 2.4(1.6) 0.988
Type of Transplant,
Deceased Donor 21 (51.2%) 41 (69.5%) 0.101 16 (45.7%) 18 (81.8%) 19 (67.9%) 0.018
Delayed Graft Function 1(2.4%) 4 (6.8%) 0.646 1(2.9%) 1 (4.5%) 2 (7.1%) 0.817
Cold ischemiatime (hours),
Mean (SD) 7.7 (7.6) 10.1 (8.3) 0.148 7.2 (7.6) 10.3 (6.8) 11.0 (9.7) 0.159
HLA Mismatch (out of 8*),
Mean (SD) 51(1.7) 5.1 (2.0) 0.968 5.0 (1.7) 53(2.2) 51(1.7) 0.666
Induction Medication, ATG
(vs. IL-2 inhibitor) 3(7.3%) 7 (11.9%) 0.520 3(8.6%) 2(9.1%) 2(7.1%) 1.000
Primary Transplant 40 (97.6%) 54 (91.5%) 0.396 34 (97.1%) 19 (86.4%) 26 (92.9%) 0.321
Steroid Based Maintenance
Immunosuppression 28 (68.3%) 36 (61.0%) 0.594 23 (65.7%) 16 (72.7%) 17 (60.7%) 0.673
Angiotensin Receptor
Blocker 0 (0.0%) 5 (8.5%) 0.076 0 (0.0%) 2(9.1%) 3(10.7%) 0.104
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Table 2.
Two-and Five-Year Clinical Outcomes by AT1R-Ab and/or ETAR-Ab Status.

Page 15

De novo AT1R-Ab and/or ETAR-Ab was associated with allograft loss in the first 2 years post-transplant.
There was no association with AT1R-Ab and/or ETAR-AD positivity and any rejection (including borderline
acute cellular rejection), AMR, or development of HLA DSA

AT1R-Ab and AT1R-Ab AT1R-Ab and DeNovo AT1R- | Preformed AT1R-
ETAR-Ab and/or ETAR- ETAR-Ab Ab and/or Ab and/or ETAR-
Negative Ab Positive Negative ETAR-Ab Ab
(N=41) (N=59) P-value (N=35) (N=22) (N=28) P-value

2 Year
Outcomes
Rejection 12 (30.0%) 29 (50.9%) 0.066 10 (29.4%) 9 (42.9%) 16 (57.1%) 0.089
AMR 0 (0.0%) 5 (8.8%) 0.075 0 (0.0%) 2 (9.5%) 3 (10.7%) 0.083
Allograft Loss 1 (2.4%) 7 (11.9%) 0.136 1(2.9%) 4 (18.2%) 0 (0.0%) 0.018
HLA DSA 8 (19.5%) 19 (32.2%) 0.239 7 (20.0%) 7 (31.8%) 10 (35.7%) 0.353
5 Year
Outcomes
Rejection 16 (40.0%) 33 (57.9%) 0.126 13 (38.2%) 12 (57.1%) 17 (60.7%) 0.167
AMR 2 (5.0%) 9 (15.8%) 0.117 2 (5.9%) 4 (19.0%) 5 (17.9%) 0.205
Allograft Loss 4 (9.8%) 11 (18.6%) 0.347 4 (11.4%) 5 (22.7%) 3(10.7%) 0.455
HLA DSA 11 (26.8%) 27 (45.8%) 0.087 10 (28.6%) 12 (54.5%) 13 (46.4%) 0.120

AMR; antibody mediated rejection, HLA DSA; human leukocyte antigen donor specific antibody
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Odds of developing HLA DSA by 5 Year s Post-Transplant.

Table 3.

Page 16

AT1R-Ab and/or ETAR-AD positivity in the first 2 years post-transplant was associated with development of
HLA DSA in the first 5 years post-transplant. This relationship did not appear to be specific for preformed or

de novo AT1R-Ab and/or ETAR-Ab.

95% Confidence Interval 95% Confidence Interval

Predictor Odds Ratio (OR) (Cl) Lower (Cl) Upper P-value
Model 1:

Ever AT1R-Ab and/or ETAR-ADb Positive 2.87 1.08 7.61 0.034
Age (+1 year) 1.05 0.96 1.16 0.269
Female 1.28 0.50 3.26 0.61
Steroids at Baseline 1.08 0.42 2.78 0.872
HLA Mismatch (out of 8) 131 1.02 1.68 0.033
Model 2:

De Novo AT 1R-Ab and/or ETAR-Ab ™ 2.75 0.81 9.27 0.104
Preformed AT1R-Ab and/or ETAR-Ab ™ 2.44 0.74 8.01 0.143
Age (+1 year) 1.02 0.92 1.14 0.701
Female 1.55 0.57 4.18 0.391
Steroids at Baseline 0.84 0.31 2.30 0.74
HLA Mismatch (out of 8) 1.25 0.96 1.64 0.100

*
Reference group: AT1R-Ab and ETAR-Ab Negative
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