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Abstract

Background—Autoantibodies to the angiotensin II type 1 receptor (AT1R) have been reported 

in patients with primary aldosteronism including aldosterone producing adenoma (APA) and 

idiopathic adrenal hyperplasia (IAH).

Methods and Results—Sera from 25 primary aldosteronism subjects (12 with IAH and 13 

with APA) and 15 normotensive control subjects were assayed for AT1R autoantibodies by 

ELISA and an AT1R-transfected cell-based bioassay. Nine of 12 IAH subjects (75%) and 6 of 13 

APA subjects (46%) were positive for AT1R autoantibodies in the bioactivity assay. The mean 

AT1R autoantibody activity for the IAH and APA subjects was significantly greater than controls 

(P<0.001 and P<0.01, respectively), and this in vitro activity was suppressed by the AT1R blocker 

losartan. None of the controls had significant AT1R autoantibody activity. ELISA values were less 

sensitive but were positive in some subjects with IAH and APA. The mean arterial pressure of 

these primary aldosteronism subjects correlated modestly with AT1R autoantibody activity.

Conclusion—These data confirm the presence of active AT1R autoantibodies in a high 

percentage of subjects with primary aldosteronism irrespective of their underlying etiology. These 

observations have both pathophysiological and clinical implications.
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Introduction

Primary aldosteronism has been characterized by elevated aldosterone production in the face 

of suppressed plasma renin activity (1). Subsequent studies have demonstrated three major 

subcategories, aldosterone producing adenoma (APA), idiopathic adrenal hyperplasia (IAH) 

and now less common forms of adrenal hyperplasia with associated germline genetic 

mutations (2, 3). In the last three years, numerous groups have reported somatic mutations in 

the potassium channel gene KCNJ5 that appears to explain in part the mechanism(s) by 

which these benign tumors grow and over secrete aldosterone (4-6). Recently, Rossitto et al 

(7) identified the presence of autoantibodies to the angiotensin II (Ang II) type 1 receptor 

(AT1R) in primary aldosteronism. They used a peptide-based ELISA directed toward the 

second extracellular loop (ECL2) of the ATIR and noted elevation of these autoantibodies 

predominantly in their subjects with an APA but not with IAH. They suggested the 

usefulness of this assay as a non-invasive discriminant for differentiating the two subtypes. 

Our group had independently recognized the presence of these autoantibodies in subjects 

with primary aldosteronism (8) and focused on examining their potential for contributing to 

the pathophysiology of the hyperaldosteronism and hypertension associated with this 

condition. We reported a high frequency of these autoantibodies in subjects with confirmed 

primary aldosteronism irrespective of their underlying subtype and demonstrated these 

autoantibodies actively would cause contraction of resistance arteries in vitro and also 

stimulate and/or facilitate aldosterone production in HAC15 adrenal cells in vitro (8). These 

mechanistic studies however were not designed to examine the prevalence of the AT1R 

autoantibodies in the general population of primary aldosteronism.

In the present study, we report that approximately 60% of subjects with primary 

aldosteronism, including both APA and IAH as characterized by adrenal venous sampling, 

harbor autoantibodies that activate the AT1R in transfected cells and this activity has been 

previously demonstrated to correlate directly with their ability to contract perfused cremaster 

resistant arteries and to stimulate aldosterone production in HAC15 cells in vitro. We further 

demonstrate these autoantibodies are uniformly suppressed by the AT1R blocker losartan.

Methods

Study Subjects

Sera from a group of subjects with a history of hypertension, some with occasional 

hypokalemia and a plasma aldosterone/plasma renin activity (PA/PRA) ratio of >30 were 

examined in Italy. Their diagnosis of primary aldosteronism was established by an abnormal 

captopril suppression test [2 hr post captopril plasma aldosterone ≥ 12 ng/dl and/or PA/PRA 

ratio ≥12] (9). All underwent a serial 2 mm section CT of the adrenals to identify existing 

nodules. Each of the patients underwent adrenal vein sampling to confirm lateralization 
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(ipsilateral/contralateral adrenal vein plasma aldosterone/cortisol >3/1). Sera from 10 

subjects with a diagnosis of APA and 10 subjects with a diagnosis of IAH were selected and 

sent to our laboratory for analysis (Table 1). Sera from 10 normotensive subjects were sent 

as control sera. The identity of each sample was blinded to our laboratory until after the 

assay values were reported to the originating physicians (M.V.C. and F.M.) who then 

confirmed the pathophysiological subgroup associated with each numerical identifier. Five 

other primary aldosteronism subjects (2 with IAH and 3 with APA) that were similarly 

defined as to subgroup analysis in our clinics as well as 5 additional normotensive control 

subjects were added. This study was approved by the University of Padua and by the 

OUHSC Institutional Review Board. All subjects provided informed consent.

ELISA

ELISA assays to screen for AT1R autoantibodies were performed as previously described 

(8). Briefly, microtiter plates were coated with a multiple antigenic peptide (Pi Proteomics) 

containing the amino acids AFHYESQ, a sequence from the AT1R ECL2 identified as the 

functional epitope of AT1R-activating autoantibodies (10). Sera were diluted 1:100, and 

goat anti-human IgG conjugated with alkaline phosphatase and its substrate para-

nitrophenyl-phosphate 104 were used to detect antibody binding. The optical density (OD) 

values were read at 405 nm at 60 min.

Cell-Based AT1R Assay

Ang II-like autoantibody activity was measured in AT1R-transfected Chinese hamster ovary 

(CHO) cells using β-arrestin activation as the parameter (DiscoveRx, Fremont, CA) as 

previously described (8). Negative (buffer) and positive Ang II controls were included in 

each assay. Serum samples (1:100) were run in the absence and presence of the orthosteric 

AT1R blocker losartan (10 mM). The β-arrestin recruitment levels by the sera were 

expressed as Ang II “equivalent” values. These were obtained by running a concurrent Ang 

II standard curve and comparing serum sample relative luminescence units to those on the 

standard curve. The intra-assay and inter-assay coefficient of variation were 6.1% (n=9) and 

9.8% (n=9), respectively.

Statistics

Data are expressed as mean±SEM. Student's t test and χ2 test were used for comparison of 

age and gender between patient and normotensive control groups. Autoantibody positivity 

by ELISA was defined as OD values above the mean + 2SD from the control group. The 

positivity of bioactive autoantibodies was defined as bioactivity values above the mean + 

2SD from the control group. Spearman rank correlation was performed to examine the 

relationship between ELISA and bioactivity values and also the relationship between the 

mean arterial pressure of each patient and their serum autoantibody bioactivity. Comparison 

between patient and normotensive control groups was performed using the nonparametric 

Mann-Whitney test. A P value of <0.05 was considered statistically significant.
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Results

Patient Characteristics

Twenty five subjects with primary aldosteronism and 15 normotensive control subjects were 

included in the study. The clinical data of the primary aldosteronism subjects are shown in 

Table 1. The primary aldosteronism patients were older than the normotensive controls 

(55±12 years vs. 36±13 years, P<0.001). There was no significant difference in gender 

between the primary aldosteronism and control groups (female/male: 9/16 vs. 6/9, P=1.0, 

Fisher's exact test).

Autoantibody Screening by ELISA

Sera were examined by ELISA for autoantibodies directed toward the ECL2 of AT1R. Five 

of 12 (42%) of the IAH subjects, 3 of 13 (23%) of the APA subjects and 1 of 15 (7%) of the 

normotensive controls were positive for AT1R autoantibodies (Figure 1). Overall 32% (8 of 

25) of the primary aldosteronism patients showed antibody positivity.

Autoantibody Activation of AT1R

Sera from each patient and control subject were assayed for the ability to activate AT1R in 

transfected CHO cells in vitro. Nine of 12 IAH subjects (75%) and 6 of 13 APA subjects 

(46%) were positive for AT1R autoantibodies in this bioactivity assay (Figure 2). AT1R 

autoantibody activity was observed in ELISA-negative patient samples. Overall 60% (15 of 

25) of the primary aldosteronism patients showed positivity for active AT1R autoantibodies. 

None of the controls had significant AT1R autoantibody activity.

The mean AT1R autoantibody activity for the IAH and APA groups was significantly 

greater than the controls (708±118 and 566±93 vs. control: 273±29 in pM Ang II equivalent 

activity; P<0.001 and P<0.01, respectively) (Figure 3). No significant difference in antibody 

activity was observed between the IAH and APA groups (P=0.35). The AT1R blocker 

losartan (10 mM) markedly suppressed patient sera-induced AT1R activation to control 

levels.

We have plotted the correlation of the individual primary aldosteronism subjects with their 

bioactivity measured by the receptor activation assay compared to their ELISA OD values in 

Figure 4. Although individuals with elevated ELISA values more frequently had significant 

bioactivity, others with low ELISA values also showed increased antibody activity and the 

Spearman correlation coefficient failed to reach significance. There was a significant 

correlation of the mean arterial pressure for each primary aldosteronism patient with their 

serum autoantibody bioactivity (r=0.43, P=0.03) as shown in Figure 5.

Discussion

The etiology and pathophysiology of primary aldosteronism and its subtypes has long been 

puzzling and a challenge. Recently, a number of studies have explored the presence of 

several related mutations in the KCNJ5 gene controlling K access to the adrenal glomerulosa 

cells (4-6). These studies suggest up to 50% of the adenomas are related to the presence of 

one or more mutations leading to hypertrophy and aldosterone overproduction by these cells. 
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These studies however fail to fully establish the genesis of the hypertension associated with 

their presence and do not address the genesis of aldosterone hypersecretion in the more 

prevalent IAH subtype. The presence of autoantibodies directed toward the AT1R in patients 

with primary aldosteronism has been established independently by two groups and raise 

several issues relevant to the diagnosis and pathophysiology of primary aldosteronism (7, 8). 

Rossitto et al used an ELISA-based assay to demonstrate the presence of autoantibodies 

predominantly in subjects harboring an APA and a markedly lower occurrence in IAH. They 

were unable to determine the potential role of these autoantibodies in the pathophysiology of 

the hypertension since the ELISA technique inherently fails to demonstrate any potential 

activity of the autoantibodies on the vasculature or adrenal aldosterone secretion (8). We 

have used three different bioactivity assays and demonstrated both serum and IgG purified 

from the serum from a small group of subjects including those with either APA and/or IAH 

contained AT1R autoantibodies capable of: 1) contracting small resistance arteries in vitro; 

2) directly stimulated aldosterone production in HAC15 adrenal cells in vitro and 3) 

facilitated the effects of low dosages of Ang II on these same cells when co-incubated. 

These in vitro effects were all blocked by the AT1R blockers including losartan and 

candesartan (8). In vivo mechanistic studies have been performed in AT1R ECL2 target 

epitope-immunized rabbits (11). These rabbits became markedly hypertensive six weeks 

after immunization with elevated autoantibody titers. This elevated blood pressure returned 

to nearly normal within 90 minutes after intravenous infusion of a decoy peptide directed 

toward the AT1R ECL2 target epitope of the autoantibodies. While it is premature to claim 

direct evidence these active autoantibodies cause hypertension in man, it is of interest that 

the present study demonstrates a modest but significant correlation of the mean arterial 

pressure and AT1R antibody activity in the sera of the primary aldosteronism patients. It is 

already accepted that AT1R-activating autoantibodies activate the receptor through allosteric 

changes and mimic the contractile and endocrine functions of Ang II (8). These studies 

provide a mechanistic basis for the association of the activating autoantibodies and the 

elevated blood pressures observed herein.

These studies however fail to address the prevalence of these active autoantibodies. The 

ELISA assay using linear peptides associated with the targeted AT1R extracellular loop are 

relatively insensitive in our laboratory compared to the studies using the intact receptor and 

assessing its bioactivity (8). As expected, the correlation of antibody bioactivity with the 

ELISA data overall was not significant. In addition, studies of prevalence between the two 

major primary aldosteronism subgroups now require the use of bilateral adrenal venous 

sampling to better differentiate the two groups since nodularity and coexistent hyperplasia 

are common (12, 13). Even with this expensive and invasive testing, a final diagnostic 

division is not possible without surgical confirmation and subsequent biological testing. 

Residual hypertension following surgery in up to 50% of APA subjects further complicates 

this differentiation. Moreover, improvements in medical therapy have lessened the need for 

adrenal venous catheterization in our hospital as well as many others.

To better answer the question of prevalence, we have collaborated with a group in Padua 

wherein relatively complete evaluation of primary aldosteronism subjects is routinely 

performed. They agreed to provide an initial cohort of 20 subjects with primary 

aldosteronism including 10 with an apparent APA and 10 whose diagnosis of IAH was 
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established by CT and a non-lateralizing adrenal venous sampling procedure. Ten 

normotensive control subjects were also included. Our laboratory was completely blinded to 

the groups and diagnoses of the 30 subjects until the assays were performed and reported to 

these investigators. Five additional primary aldosteronism subjects (2 with IAH and 3 with 

APA) and 5 additional normotensive control subjects from our clinics were added to the 

study. These data suggest that up to 60% of the primary aldosteronism subjects 

demonstrated active autoantibodies that were measured using the AT1R-transfected CHO 

cells in vitro. These values are lower than observed in the smaller study previously reported 

by our laboratory but these subjects were not all characterized by their subtype (8). There 

was a significant difference in age between the overall primary aldosteronism and control 

groups. However, it is unlikely this affected interpretation of the data since a Spearman 

correlation test of age and antibody bioactivity did not show a significant correlation 

(r=0.17, P=0.42).

The present study demonstrates that a significant number of primary aldosteronism subjects 

harbor AT1R-activating autoantibodies and the activity of sera containing these activating 

autoantibodies is markedly suppressible by AT1R blockade treatment in vitro. There are 

several consequences to this discovery. It will be important to broaden the number of 

subjects to provide a more accurate estimate of their presence in primary aldosteronism. It 

will also be important to determine the effect of AT1R blockade therapy on the hallmark 

overproduction of aldosterone in these subjects. This impact may be quite different from that 

by converting enzyme inhibitors or direct renin inhibitors. Since AT1R autoantibodies 

appear to facilitate the effects of low concentrations of Ang II in primary aldosteronism (8), 

this may explain a partial impact of converting enzyme inhibitors on aldosterone values 

reported by Rossitto et al (7). We have not determined the mutational status of the adrenal 

adenoma tissues in the current group of APA subjects so cannot comment on any possible 

relationships of AT1R autoantibodies with these mutational changes. Confirmation of the 

impact of these activating autoantibodies on the current and residual elevated post-operative 

blood pressures observed in the large number of patients whose APA has been resected will 

also be of interest. The role of AT1R-activating autoantibodies in patients with hypertension 

of unknown etiology has not been systematically studied. Isolated studies have suggested a 

small number of subjects harbor these and other activating autoantibodies. Based on the 

known effects of the AT1R autoantibodies in vivo and in vitro (8, 11), we have hypothesized 

that patients with low-renin essential hypertension may harbor such autoantibodies at a 

higher percentage. We are currently carrying out such a study at our institution.
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• AT1R autoantibodies are frequently present in primary aldosteronism

• These autoantibodies activated AT1R in vitro and were blocked by an AT1R 

blocker

• The mean arterial blood pressure correlated with AT1R autoantibody activity

• AT1R autoantibodies have sufficient activity to produce and facilitate 

hypertension
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Figure 1. ELISA detection of AT1R autoantibodies in primary aldosteronism patients and 
normotensive control subjects
IAH, idiopathic adrenal hyperplasia (n=12), closed upward triangles; APA, aldosterone 

producing adenoma (n=13), closed downward triangles; control, normotensive control 

(n=15), closed squares. The dashed line is the threshold derived from the mean optical 

density (OD) values + 2SD of the normotensive controls.
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Figure 2. The effect of sera from each primary aldosteronism patient and normotensive control 
subject on AT1R activation in transfected Chinese hamster ovary (CHO) cells
IAH (n=12), closed upward triangles; APA (n=13), closed downward triangles; control 

(n=15), closed squares. Data are expressed in Ang II equivalent dosages (mean±SEM). The 

dashed line is the threshold derived from the mean values + 2SD of the normotensive 

controls.
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Figure 3. The mean effect of sera from primary aldosteronism patients and normotensive control 
subjects in the absence and presence of AT1R blockade on AT1R activation in transfected CHO 
cells
Both IAH and APA had a highly significant increase of AT1R activity compared to the 

normotensive controls (*P<0.01, **P<0.001). There was no significant difference in AT1R 

activity between the two primary aldosteronism groups. The AT1R blocker losartan (10 μM) 

effectively blocked the autoantibody activity in each group of the primary aldosteronism 

patients (#P<0.01). Although the activity in IAH and APA dropped significantly with 

losartan, there was no significant change in the low level of activity in the control subjects.
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Figure 4. Correlation analysis between ELISA and cell-based bioassay for AT1R autoantibodies
The vertical and horizontal dashed lines represent the cut-off values (mean + 2SD of 

controls) for ELISA and bioassay positivity, respectively. No significant correlation was 

detected between ELISA OD values and bioactivity values.

Li et al. Page 12

J Am Soc Hypertens. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 5. Correlation analysis between patient mean arterial pressure (MAP) and AT1R 
antibody activity measured in AT1R-trasnfected CHO cells
MAP was computed from blood pressures taken at the time of bilateral adrenal vein 

sampling. There was a significant correlation between the patient MAP and their concurrent 

serum AT1R antibody activity.
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