
OriginalClinicalScienceçGeneral
Anti-Angiotensin II Type 1 Receptor and
Anti-Endothelial Cell Antibodies:
A Cross-Sectional Analysis of Pathological
Findings in Allograft Biopsies
Mary Carmelle Philogene, PhD,1 Serena Bagnasco, MD,2 Edward S. Kraus, MD,3

Robert A. Montgomery, MD, DPhil,3 Duska Dragun, MD,4 Mary S. Leffell, PhD,1 Andrea A. Zachary, PhD,1

and Annette M. Jackson, PhD1

Background. This is a cross-sectional study designed to evaluate the histologic characteristics of graft injury in the presence of
anti-angiotensin II type 1 receptor antibody (AT1R-Ab) and anti-endothelial cell antibody (AECA). Methods. Non-HLA antibody
testing was included in the posttransplant evaluation for 70 kidney recipients. Biopsies were performed for cause for 47 patients
and as protocol for the remaining 23 patients. Biopsy-proven rejection was defined according to the Banff 2009-2013 criteria.
AT1R-Ab was measured on an ELISA platform. Patients were divided into 3 groups based on AT1R-Ab levels (>17, 10-17, and
<10 U/ml). AECAwas evaluated using an endothelial cell crossmatch (ECXM) in patients whose HLA antibody level was insufficient
to cause a positive flow cytometric crossmatch. Results. AT1R-Ab levels were higher in patients diagnosed with antibody me-
diated rejection compared to those with no rejection (P = 0.004). Glomerulitis (g) and peritubular capillaritis (ptc) scores were inde-
pendently correlated with increased AT1R-Ab concentrations in the presence or absence of HLA-DSA (P = 0.007 and 0.03 for g
scores; p = 0.005 and 0.03 for ptc scores). Patients with a positive ECXM had higher AT1R-Ab levels compared to those with a
negative ECXM (P = 0.005). Microcirculation inflammation (MCI = g + ptc score) was higher in patients with a positive ECXM
and with AT1R-Ab >17 U/ml, although this did not reach statistical significance (P = 0.07).Conclusions. The data show an as-
sociation between non-HLA antibodies detected in the ECXM and AT1R ELISA andmicrovascular injury observed in antibodyme-
diated rejection.

(Transplantation 2017;101: 608–615)
Numerous reports have provided evidence for an associ-
ation between angiotensin II type 1 receptor antibod-

ies (AT1R-Ab)1-6 and/or endothelial cell specific antibodies
(AECA)7,8 with the development of antibody mediated re-
jection and kidney allograft failure. Furthermore, mechanis-
tic studies have shown that these non-HLA antibodies may
directly contribute to allograft dysfunction.9,10 Despite these
observations, testing for presence of non-HLA antibodies
is often performed when donor-specific HLA antibodies
(HLA-DSA) are not identified in the sera of patients who
are experiencing allograft dysfunction.

Current guidelines for diagnosing antibody mediated
rejection require the presence of donor-specific antibody
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(HLA or non-HLA) with evidence of renal microcirculation
inflammation.11,12 The relevance of HLA-DSA in allograft
damage has been substantiated by observed morphological
changes in the biopsies at time of graft dysfunction, including
evidence of complement activation.13,14 Targets of AT1R-Ab
and some AECA may be polymorphic and are constitutively
expressed on the vascular endothelium, and expression may
be induced or increased during inflammatory events. Given
that targets of AT1R-Ab and some AECA are expressed on
the vascular endothelium,8 analysis of the phenotypic char-
acteristics of biopsies in the presence of non-HLA antibodies
would potentially provide further evidence linking them to
allograft dysfunction.
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In this study, we examined the histopathologic characteris-
tics associated with allograft dysfunction in the presence of
AT1R-Ab and AECA both alone and in the presence of HLA-
DSA and determined if damage was exacerbated when both
HLA and non-HLA antibodies were present together.

RESULTS

Characteristics of Study Population
Posttransplant biopsies, HLA-DSA, and AT1R-Ab assess-

ments were performed for 70 patients who received a kidney
transplant between 1988 and 2014. These tests were per-
formed to investigate allograft dysfunction in 47 patients
TABLE 1.

Patient and donor demographics

AT1R-Ab positive
(>17 U/ml) (n = 21

Patient characteristics
Months posttransplantation (range) 25 (0-190)
Protocol biopsies 6 (29)
Creatinine at time of biopsy (SD) 1.9 (1.1)
eGFR (SD) 48 (13.5)
Average age at time of transplantation (range) 44 (25-79)
African American, n (%) 4 (19)
Female, n (%) 6 (29)
Angiotensin receptor blockers, n (%) 10 (48)

Primary disease, n (%)a

Hypertension 6 (29)
Diabetes 5 (24)
FSGS 4 (19)
Glomerulonephritis or other inflammatory diseases 7 (33)
Genetic disorders or structural abnormality 2 (9)
Unclear etiology 2 (9)

Sensitization, n (%)
ABO incompatible 4 (19)
Retransplanted 12 (57)
Percent with DSA at time of biopsy 14 (66)

DSA levels at time of biopsy
CDC+ 0
Flow+ 5
Lum+ 9
Negative 7
Percent with DSA before transplantation 14 (66)

DSA levels before transplantation
CDC+ 0
Flow+ 10
Lum+ 4
Negative 4
Data not available 3

Donor characteristics, n (%)
Cadaver donor 5 (24)
Donor age (range) 43 (19-62)
African American 2 (9)
Female 11 (52)

Average number of HLA mismatch
HLA class I (SD) 1.0 (0.7)
HLA class II (SD) 1.0 (0.6)

P-values were calculated for the categorical variables using Fisher’s exact test. p-values for continuous va
a Two primary diagnoses were listed for 6 patients (diabetes and hypertension; FSGS and hypertension; d
(67%) and as protocol in the remaining 23 patients (33%).
The cohort was divided into 3 groups based on the AT1R-Ab
levels [group 1, high level: >17 U/ml, n = 21 (30%); group 2,
moderate level: 10-17 U/ml, n = 27 (38%); and group 3,
low level: <10 U/ml, n = 22 (31%)].

The characteristics of the patients and their donors were
comparable among the 3 groups (Table 1). The average esti-
mated glomerular filtration rate (eGFR;ml/min/1.73m2) was
less than 60 ml/min/1.73 m2 in all 3 groups (48, 44, and
43 ml/min/1.73 m2, respectively; P = 0.7). The distribution
of males and females among the 3 AT1R-Ab groups was
skewed with fewer females in group 1 (AT1R-Ab >17 U/ml)
and the converse in group 3 (AT1R-Ab <10 U/ml), and the
)
AT1R-Ab borderline
(10-17 U/ml) (n = 27)

AT1R-Ab negative
(<10 U/ml) (n = 22) p-value

21 (0-313) 33 (0-206) 0.7
9 (33) 8 (36) 0.8

2.25 (1.6) 2.4 (1.3) 0.5
44 (21.9) 43 (25.7) 0.7
43 (1-75) 48 (27-78) 0.5
3 (11) 4 (18) 0.8
14 (52) 14 (64) 0.07
7 (26) 5 (23) 0.2

3 (11) 4 (18) 0.5
2 (7) 4 (18)
5 (18) 5 (22)
11 (40) 7 (31)
8 (29) 4 (18)
1 (3) 2 (9)

7 (26) 1 (5) 0.1
16 (59) 10 (45) 0.5
15 (55) 13 (59) 0.7

0.3
1 0
8 2
6 11
12 9
17 (62) 14 (63) 0.7

0.2
0 0
7 4
11 10
7 7
2 1

7 (26) 5 (23) 0.9
46 (23-63) 46 (23-63) 0.5
2 (7) 4 (18) 0.5
14 (51) 11 (50) 0.9

1.2 (0.7) 1.0 (0.7) 0.9
0.9 (0.6) 1.0 (0.7)

riables such as age were determined using 1-way ANOVA.
iabetes and glomerulosclerosis).



FIGURE 1. AT1R-Ab concentration in patientswith AMR, CMR, and
no rejection. AT1R-Ab concentrations were significantly higher in pa-
tients with AMR (mean AT1R-Ab concentration 18.8 ± 10.6 U/ml)
compared to those with no rejection (mean AT1R-Ab concentration
11.8 ± 7.4 U/ml). No significant difference was observed for patients
with CMR (mean AT1R-Ab concentration 12.9 ± 6.7 U/ml) versus no
rejection. AT1R-Ab concentrations for two remaining biopsies were re-
ported as transplant glomerulopathy and were 9.4 and 10.9 U/ml,
respectively.

TABLE 2.

Risk factors for antibody mediated rejection

AMR
(n = 31)

No AMR
(n = 30) p-value

African American, n 3 7 0.1
Female, n 11 17 0.09
ABO incompatible 8 4 0.2
Retransplanted 17 13 0.4
DSA at time of biopsy 27 11 5 � 10−5

DSA strength at time of biopsy 0.4
CDC+ 1 0
Flow+ 12 3
Lum+ 14 8

AT1R-Ab strength at time of biopsy 9 � 10−3

AT1R-Ab >17 U/ml 15 5
AT1R-Ab 10-17 U/ml 11 11
AT1R-Ab <10 U/ml 5 14
ECXM positive 6 2 0.02
ECXM negative 6 14

p-values were calculated for the categorical variables using Fisher’s exact test.
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difference approached statistical significance (P = 0.07). The
number of patients who were treated with an angiotensin re-
ceptor blocker (ARB; losartan or valsartan) for their hyper-
tension was higher in group 1 (48%) compared to group 2
(26%) and group 3 (23%), although this did not reach statis-
tical significance (P = 0.2).

There was no significant difference among the 3 AT1R-Ab
groups in the distribution of patients with known increased
risks for rejection, such as African-Americans (P = 0.8) and
recipients who had a previous transplant (P = 0.5). Among
the 12 patients who were transplanted with an ABO incom-
patible donor, the ABO titer ranged between 0 and 32 at time
of allograft dysfunction. The distribution of patients who
underwent desensitization at time of transplantation due to
HLA-DSA incompatibility (HLAi) or ABO incompatibility
(ABOi) did not differ significantly between the 3 groups
(P = 0.2 for HLAi and P = 0.1 for ABOi).

HLA-DSA is a well-recognized risk factor for graft dys-
function due to antibody mediated rejection (AMR). At the
time of suspected allograft dysfunction, there was no signifi-
cant difference between the number of patients who had
HLA-DSA (P = 0.7) or in the strength of their antibodies
(P = 0.3) among the 3 AT1R-Ab levels. The strength of
HLA-DSA before transplantation was also not significantly
different between the 3 groups (P = 0.7).

Overall, the data in Table 1 show that factors associated
with an increased risk of acute rejection were not statistically
different among the 3 AT1R-Ab levels.

Rejection in the 3 AT1R-Ab Groups
Analysis of the biopsies performed at time of antibody test-

ing indicated that 31 (44%) of the patients had antibody me-
diated rejection (AMR); 1 of whom had both antibody and
cell mediated rejection. Seven patients (10%) had only cell
mediated rejection (CMR) and 30 patients (42.8%) had no
rejection. Transplant glomerulopathy (TG), with no acute re-
jection detected, was present in the remaining 2 biopsies. We
compared AT1R-Ab levels in patients with antibody and cell
mediated rejection against those with no rejection and found
a significant difference between the AMR and no rejection
groups (P = 0.004) but no difference between the CMR and
no rejection groups (P = 0.7) (Figure 1). The mean AT1R-Ab
concentration was 18.8 ± 10.6 U/ml for patients diagnosed
with AMR compared to 11.8 ± 7.4 U/ml for those with no re-
jection and 12.9 ± 6.7 U/ml for patients with CMR.

To further investigate the association between AT1R-Ab
and antibody mediated rejection, we excluded the 7 patients
with CMR only and reexamined risk factors for AMR. As
expected, the number of patients with HLA-DSAwas signif-
icantly higher in the AMRgroup compared to the groupwith
no rejection (P = 0.00005). Similarly, the distribution of pa-
tients among the 3 AT1R-Ab levels was significantly different
between AMR and no rejection (P = 0.009) (Table 2), with
more AMR diagnosis in the higher AT1R-Ab levels (48%
in the >17 U/ml group and 35% in the 10-17 U/ml group)
compared to those at lowest AT1R-Ab levels (16% in the
<10 U/ml group). Among patients with antibody mediated
rejection, HLA-DSA was negative in 3/15 patients (20%)
in the high AT1R-Ab group (>17 U/ml), 1/11 patients (9%)
in the moderate AT1R-Ab group (10-17 U/ml), and none of
the 5 patients (0%) in the low AT1R-Ab group (<10 U/ml).

We evaluated whether development of antibody mediated
rejection correlated with an increase in HLA-DSA from a
pretransplant timepoint to time of biopsy. We compared
changes in HLA-DSA levels in the 3 AT1R-Ab levels. In this
cross-sectional cohort, AMR was more closely associated
with high AT1R-Ab levels and was independent of changes
in the level of HLA-DSA; 72%of the patients with no change
in HLA-DSA and with AT1R-Ab >17 U/ml developed AMR;
71% with a decrease in HLA-DSA and AT1R-Ab > 17 U/ml
had an AMR. Additionally, 83% of patients who had an in-
crease in HLA-DSA and moderate levels of AT1R-Ab had
AMR (Table 3).

Of 18 patients with no HLA-DSA before transplantation,
3 (16%) developed de novo HLA-DSA at time of biopsy;
2 of the 3 patients were in the moderate AT1R-Ab group
and both developed rejection (1 AMR and 1 CMR). The
third patientwas negative for AT1R-Ab and had no rejection.
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Biopsy Results
We compared the biopsy scores with respect to AT1R-Ab

levels for the 70 patients in this cohort, including those who
were positive and negative for HLA-DSA (Figure 2). Scores
for glomerulitis (g), inflammation (i), and peritubular capillaritis
(ptc) were positively correlatedwith increased AT1R-Ab con-
centrations (P = 0.007, 0.03, and 0.005, respectively). For
28 patients who tested negative for HLA-DSA, the number
of biopsies with scores of 2 and 3 were combined to allow
for statistical analysis as biopsies in those groupswere limited
to 4 and 2, respectively. In the absence of HLA-DSA, higher
AT1R-Ab concentrations were again associated with biopsies
showing increased microvascular inflammation (glomerulitis
and peritubular capillaritis) compared to those with scores of
0 and 1 (P = 0.03 for both injuries). Two biopsies were scored
≥2 for inflammation, in the absence of HLA-DSA, and the
AT1R-Ab concentrations were higher in those 2 biopsies com-
pared to the biopsies scored as 0 and 1 (Figure 2b). Micro-
circulation inflammation (MCI) sum scores (g score + ptc
score) were higher in group 1 (high level AT1R-Ab) compared
to groups 2 (moderate level AT1R-Ab) and 3 (low level
AT1R-Ab), in the absence of HLA-DSA. These results
approached statistical significance (Figure 2c; P = 0.07).
Of 9 patients with MCI scores >2 and no HLA-DSA, 4
were diagnosed with AMR (3 with high levels of AT1R-
Ab; >17 U/ml), 2 were diagnosed with cell mediated rejec-
tion (1 with AT1R-Ab >17 U/ml), and 3 with no rejection
(none with AT1R-Ab >17 U/ml).

Scores for tubulitis (t) and tubular inflammation (ti), which
are elevated in cellular rejection, were not significantly corre-
lated with increased AT1R-Ab concentration (data not shown).
Similarly, intimal arteritis (v), interstitial fibrosis (ci), tubular
atrophy (ct), intimal thickening (cv), C4d staining, and chronic
glomerulitis (cg) did not correlate with changes in AT1R-Ab
concentrations (data not shown).

Anti-Endothelial Cell Antibody Detection
Posttransplantation

An endothelial cell flow cytometric crossmatch (ECXM)
was available for 35 patients who had no HLA-DSA or low
levels of HLA antibody that were insufficient to cause a pos-
itive flow cytometric crossmatch. Patients with a positive
ECXM (n = 11) had stronger AT1R-Ab concentrations com-
pared to a negative ECXM (n = 24) (P = 0.005; Figure 3a). Of
the 11 patients with a positive ECXM, 6were diagnosedwith
AMR, 2 with cell mediated rejection, 2 had no rejection, and
1 was diagnosed with transplant glomerulopathy (P = 0.02).
The average time from transplant date to AMR was
20 months (SD 26.2) for patients with AECA and or/AT1R-
Ab >17 U (n = 4) and 22 months (SD 49.7) for patients with
HLA-DSA and non-HLA antibody (n = 27).

We then examined the microcirculation inflammation
(MCI) scores in patients who had a positive ECXM versus
those with a negative ECXM. The mean MCI scores for pa-
tients with positive ECXMs (2.54 ± 0.5) were higher than
for those with negative ECXMs (1.33 ± 0.3) but was not sta-
tistically significantly different (Figure 3b; P = 0.07).

DISCUSSION
The primary goal of this study was to correlate the charac-

teristics of biopsy microcirculation inflammation with pres-
ence of non-HLA antibody identified in the ECXM and



FIGURE 2. Scores for glomerulitis (g), inflammation (i), and peritubular capillaritis (ptc) for patients with and without HLA-DSA. AT1R-Ab con-
centrations were compared to Banff scores for glomerulitis (g), peritubular capillaritis (ptc), and inflammation (i) in the presence of HLA-DSA
(score = 0; n = 29) , score = 1; n = 26), score = 2; n = 11, score = 3; n = 4) and without HLA-DSA (score = 0; n = 15, score = 1; n = 7; score
≥2; n = 6). Higher AT1R-Ab concentrations correlated with increased scores for g, i, and ptc in presence of HLA-DSA (A) and without HLA-DSA
(B). MCI consisted of the sum of g + ptc scores were compared in patients with no HLA-DSA.MCI scores were higher in patients with AT1R-Ab
>17 U/ml but did not reach statistical significance (<10 U/ml, n = 9; 10-17 U/ml, n = 12; >17 U/ml, n = 7) (C).
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AT1R-Ab ELISA. Two histopathological features of endothe-
lial injury, glomerulitis and peritubular capillaritis, emerged
as significantly increased with increasing AT1R-Ab serum
levels, independent of HLA-DSA. Glomerulitis and peritubular
capillaritis are characterized by neutrophil and monocyte infil-
tration15 and likely reflect local immune activation. Angio-
tensin II type 1 receptors, the target for AT1R-Ab, are
expressed at high levels on endothelial cells, and activation
of this receptor in human microvascular endothelial cells in
the presence of AT1R-Ab has been shown to cause endothe-
lial cell dysfunction and neutrophil migration, and these ef-
fects were reduced in the presence of an angiotensin receptor
blocker.16 Therefore, AT1R-Ab is thought to contribute to
graft dysfunction by inducing activation of signaling path-
ways in a similar fashion as the endogenous ligand for this
receptor, angiotensin II.16-18

A previous study from Jackson et al independently showed
that anti-endothelial cell antibodies (AECA) identified in the
endothelial cell crossmatch were associated with increased
peritubular capillaritis in the absence of donor-specific HLA
antibody,8 suggesting a similar pathophysiologywith AECAs
as with AT1R-Ab.Microcirculation inflammation (MCI) has
been shown to predict worst graft outcome.19,20 In this co-
hort, MCI scores increased in patients with positive ECXM
and AT1R-Ab >17 U/ml, although the numbers in this group
were small and did not reach statistical significance. Thus,
AT1R-Ab and AECA may be direct contributors to the initi-
ation or maintenance of an inflammatory milieu through the
activation of receptors on immune cells.16,17

Angiotensin II type 1 receptor is also expressed on mono-
cytes, podocytes, renal vascular smooth muscle cells, and re-
nal arteries.21 AT1R-Ab activation of this receptor has been
shown to increase pro-inflammatory protein expression.16

An inflammatory environment is conducive to further upreg-
ulation of AT1R expression22 as well as upregulation ofHLA
expression.23 Inflammation scores were increased with increas-
ing AT1R-Ab concentrations and HLA-DSA (Figure 2). We
could not assess the contribution of AT1R-Ab alone on



FIGURE 3. Endothelial cell crossmatch (ECXM) results compared to AT1R-Ab concentrations and MCI scores for 35 patients. A, a positive
correlation between increased AT1R-Ab concentrations and ECXM positive (P = 0.005). B, MCI score consisted of the sum of g + ptc scores
and were higher in ECXM positive group compared to ECXM negative but did not reach statistical significance.
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inflammation since there were only 2 biopsies with no HLA-
DSAwith an inflammation score ≥2. It is worth noting that
both of these biopsies had AT1R-Ab levels >17 U/ml (23.9
and 37.5 U/ml) and positive ECXM, and both were diag-
nosed with acute rejection (Figure 2b). Further studies using
larger cohorts of patients with no HLA-DSAwill be required
to determine the contribution of AT1R-Ab alone to the pro-
cess of inflammation.

C4d scores were not significantly different among the 3
groups, and this is in agreement with most AT1R-Ab
studies.24-26 It is now recognized that antibody mediated
injury may occur in the absence of detectable complement
activation27 through such mechanisms as antibody depen-
dent cell mediated cytotoxicity or antibody mediated endo-
thelial cell activation.12,28,29

Glomerulitis and peritubular capillaritis scores were highest
when patients presented with both HLA-DSA and non-HLA
antibody in their serum (Figure 2). Taniguchi also showed
evidence of worst graft outcome in patients with HLA-
DSA and non-HLA antibodies compared to either antibody
alone.4 Therefore, our data support previously published re-
ports showing that non-HLA antibodies andHLA-DSAmay
function in synergy.4,30

Different thresholds for positivity have been suggested in
studies investigating AT1R-Ab levels in transplantation recip-
ients.3,4,31 Our study confirms previous reports that AT1R-
Ab and AECA are associated with antibodymediated rejection
(Table 2). Moreover, we found a greater correlation with
AMR and MCI scores when the AT1R-Ab was >17 U/ml.
It is worth noting that among the 11 patients with moderate
AT1R-Ab levels (10-17 U/ml), those with AMR had stronger
HLA-DSA; 4/15 (26%) patients versus 8/11 (72%) patients
in the high AT1R-Ab group and in the moderate AT1R-Ab
group respectively had HLA-DSA sufficient to yield a posi-
tive flow cytometric crossmatch. This suggests that moderate
levels of AT1R-Ab alone may not contribute to damage but
in the presence of HLA-DSA may become pathogenic. This
is further illustrated by the increased incidence of AMR in
the 6 patients who had an increase inHLA-DSA at time of bi-
opsy with moderate AT1R-Ab levels (Table 3). Conversely,
an increase in HLA-DSA in the AT1R-Ab <10 U/ml did not
result in AMR (Table 3). It is important to note that the
HLA-DSA levels in both groups were at similar levels.

AMR was diagnosed in only 4 patients (5%) with AECA
and or/AT1R-Ab >17 U, but no HLA-DSA. A similar fre-
quencywas determined by Tinckam et al when analyzing sev-
eral reports linking AT1R-Ab with allograft dysfunction32

prompting the question of the relevance of testing for these
antibodies. Taniguchi noted a few cases in which AT1R-Ab
preceded development of HLA-DSA.4 The possibility that in-
creased inflammation due to the presence of AT1R-Ab could
result in production of de novo HLA-DSA may provide rea-
son to consider screening for a selected group of patients. In
this cohort, we found that of 18 patients with no HLA-
DSA before transplantation, only 3 (16%) developed de
novo HLA-DSA at time of biopsy; 2 of these patients had
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moderate levels of AT1R-Ab and experienced rejection. Fur-
ther longitudinal studies with larger cohorts will determine
whether presence of non-HLA antibodies can lead to devel-
opment of HLA-DSA in patients who were not sensitized to
HLA antibodies before transplantation.

In this study, we found no correlation between AT1R-Ab
and cell mediated rejection. ThemedianAT1R-Ab concentra-
tion for biopsies with cell mediated rejection was 14.66 U/ml
(range 2.5 to 23.9 U/ml; mean: 12.9 ± 6.7 U/ml). These values
are consistent with previous reports noting that high AT1R-
Ab concentrations were not observed for patients diagnosed
with cell mediated rejection alone.31 It is possible that our co-
hort was too small to definitively determine the contribution
of AT1R-Ab in cell mediated rejection. Injuries related to
CMR (tubulitis and tubular inflammation) were not in-
creased with increased AT1R-Ab concentrations.

There were also more patients with high levels of AT1R-
Ab (>17 U/ml) who had hypertension (29% in the high
AT1R-Ab group versus 11% and 18% in the moderate and
low AT1R-Ab groups) and were treated with an angiotensin
receptor blocker (48% vs. 26% and 23% for groups 1, 2,
and 3, respectively). These data are in line with reports linking
AT1R-Abs with hypertension.17 Previous reports have shown
that excessive activation of AT1R via tissue angiotensin II
(Ang II) or AT1R-Ab negatively affects cardiovascular, renal,
and endocrine systems to provoke hypertension and lead to
kidney damage.33

The limitations of this study include the small sample size
and the cross-sectional analysis that limits our analysis to a
single time point posttransplant. Longitudinal samples collected
after initiation of treatment would help determine whether cur-
rent therapies are effective in preventing further damage asso-
ciated with presence of non-HLA antibodies. Table 1 shows
that 17 patients who were positive for AT1R-Ab (10 in the
high level AT1R-Ab group and 7 in the moderate AT1R-Ab
group) were treated with an angiotensin receptor blocker
(ARB) at time of graft dysfunction primarily for treatment
of hypertension. Increased posttransplant monitoring would
be needed to assess whether treatment with an ARB results in
some improvement of biopsy damage. The percentage of pa-
tients who were positive for AT1R-Ab and who were diag-
nosed with antibody mediated rejection is higher in this
cohort compared to previous reports, and this is likely due
to the selection of patients with suspected graft dysfunction
or with biopsies showing subclinical rejection.

In conclusion, testing for AT1R-Ab and AECA may iden-
tify patients at higher risk for antibodymediated injury, partic-
ularly in the presence of HLA-DSA. Identifying histological
features that lead to allograft loss and identifying targets
for therapeutic intervention may improve the length of allo-
graft survival.

MATERIALS AND METHODS

Study Population and Immunosuppression
Under an approved IRB protocol, demographics and clin-

ical information were collected from the electronic patient in-
formation records (EPIC) of 77 kidney recipients who were
transplanted between 1988 and 2014 and had posttransplant
non-HLA antibody testing. Seventy of the 77 recipients were
biopsied and 7 recipients did not have a biopsy (3 were un-
able to be biopsied because of the location of the allograft,
1 had health complications, and 3 experienced graft loss be-
fore a biopsy could be performed).Of the 70patientswith biopsy
data, 47 were biopsied to investigate suspected dysfunction (for
cause biopsies) and 23 were done on protocol. Data for
AT1R-Ab, HLA antibody, AECA tests, and biopsy evalua-
tion were collected for each patient between July 2009 and
January 2015.

Pretransplant induction treatment was not available for
6 of the patients who were transplanted at other centers
and were referred to Johns Hopkins for posttransplant man-
agement. For the remaining 64 patients, induction treatment
consisted of either anti-IL2 receptor antibody (anti-CD25,
daclizumab 2 mg/kg) or thymoglobulin (1.5 mg/kg per day
for 5 days). HLA and ABO incompatible donor recipient
pairs (n = 23) were additionally treated with single-volume
plasmapheresis and 100 mg/kg IVIg (Cytogam; MedImmune,
Gaithersburg,MD). The number of single-volume plasmaphe-
resis treatments varied based on the level of HLA-DSA and
ABOantibody before transplantation.Maintenance treatment
consisted of mycophenolate mofetil (2 g/day) and tacrolimus
(serum level of 8-10 ng/ml), and additional plasmapheresis
treatments were given immediately posttransplantation as
needed (n = 7). Twenty-eight patients were treated with an-
giotensin receptor blockers (ARB; n = 22) or angiotensin
converting enzyme inhibitors (ACEi; n = 6); 6 patients re-
ceived both ARB and ACEi.

Kidney Histology
Allograft biopsies were performed when serum creatinine

was increased by ≥20% from baseline. Protocol biopsies
are scheduled at this center at 1, 3, 6, and 12 months post-
transplantation for HLA and ABO incompatible cases
(n = 23). Biopsies were graded using the Banff' 2009-2013
criteria.12,34,35 The following Banff components were evalu-
ated: tubulitis (t), intimal arteritis (v), interstitial inflammation
(i), glomerulitis (g), peritubular capillaritis (ptc), intersti-
tial fibrosis (ci), tubular atrophy (ct), allograft glomerulop-
athy (cg), vascular fibrous intimal thickening (cv), and C4d
staining. Biopsy scores were compared to ECXM and
AT1R-Ab levels.

HLA Antibody Detection and HLA-DSA Assignment
HLA-specific antibodies were evaluated before transplan-

tation and at time of biopsy using solid-phase immunoassays
(Lifecodes classes I and II phenotype panels; Immucor-Lifecodes,
Stamford, CT and Single Antigen Beads; One Lambda,
Canoga Park, CA) performed on a Luminex platform. Corre-
lations between a median fluorescence intensity (MFI) value
and crossmatch strength, cytotoxicity (CDC XM), or flow
cytometric (FCXM)were established according to previously
published report.36 Briefly, 3 levels of HLA-DSA strength
were described; CDC XM level, FCXM level, and Luminex
level were assigned for MFI values of 10000 or higher,
4000 to 9000, and 2000 MFI, respectively, for HLA-A,
HLA-B, and HLA-DR, and 20000 or higher, 16000, and
4000 for HLA-C, HLA-DQ, and HLA-DP. MFI values be-
low 1000 and lackingHLA specificity patterns were reported
as negative.

AT1R-Ab and AECA Detection
Detection of antibodies against angiotensin II type 1 recep-

tor (AT1R-Ab) was performed using quantitative ELISA
(CellTrend GmbH, Luckenwalde, Germany). Duplicate
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samples of a 1:100 serum dilution were added to the 96-well
polystyrene microtiter plate coated with human AT1R derived
from transfected Chinese hamster ovary cell extracts37and in-
cubated at 4 °C for 2 hours. Because AT1R-Ab has been
shown to bind specific amino acids within the second extracel-
lular loop of the protein, maintenance of the conformational
structure of the receptor is important and is achieved with the
addition of 1 mM calcium chloride to each buffer. Following
washing steps, a horseradish peroxidase-conjugated goat anti-
human IgGdetectionantibody is addedand incubated for1hour,
followed by the addition of 3,3′,5,5′-tetramethylbenzidine
(TMB) substrate. Presence of antibody bound to AT1R is de-
tected by a colorimetric change. A standard curve is generated
to allow the quantitation of AT1R-Ab, using a control sam-
ple at varying concentrations (2.5, 5, 10, 20, and >40 U/ml).

Anti-endothelial cell antibodies (AECAs) of the IgG isotype
were detected using a flow cytometric crossmatch test (ECXM)
performed using angiopoietin receptor positive (Tie-2+) periph-
eral blood ECPs (XM-ONE; Absorber AB, Stockholm,
Sweden) acquired on a BD FACSAria using FACSDiva (ver-
sion 6.1.1; BD Biosciences, Franklin Lakes, NJ).

HLATyping for Patients and Donors
Recipient and donor HLA-A, B, C, DQ, DR, and DP typ-

ing were performed by solid-phase reverse sequence spe-
cific oligonucleotide assay (One Lambda LABType). HLA
antigen typing ambiguities were resolved by DNA sequence
based methods.

Statistical Calculation
Significant difference between the 3 groups was calculated

using the analysis of variance (1-way ANOVA). Continuous
variables were compared using Student’s t-test and categori-
cal variables were compared using the chi-squared test and
Fisher’s exact test. A P-value less than 0.05 was considered
statistically significant.
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