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Abstract
Antibodies against Angiotensin II Type 1 Receptor (AT1R-Abs) have been associated with allograft rejection in heart transplantation. Data is lacking for modalities 
to mitigate their effect on cardiac function. We describe a case series consisting of patients with clinical and/or biopsy indication of rejection with detectable AT1R-
Ab and present treatment regimen and outcome. Clinical dysfunction was defined as hemodynamically significant cardiac dysfunction on echocardiogram including 
a decrease in ejection fraction greater than or equal to 20%, shortness of breath, palpitations, chest tightness, and/or prolonged inotrope/vasopressor requirements 
during hospitalization. All patients selected for AT1R-Ab assessment had very low level or no donor specific HLA antibodies. Five of 9 patients with positive AT1R-
Ab recovered good graft function following treatment with either losartan alone or in combination with plasmapheresis and IVIG. Two patients did not recover normal 
graft function and died despite the use of similar treatments. Losartan and plasmapheresis are obvious therapeutic approaches for heart transplant recipients with clinical 
dysfunction and positive AT1R-Ab. Losartan blocks activation of AT1 receptor, and plasmapheresis reduces circulating antibodies. Additional considerations such as patient 
characteristics, comorbidities, the use of ARBs other than losartan and appropriate time for treatment administration need to be evaluated in larger studies.
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Introduction
Heart transplantation is a lifesaving treatment for patients with 

end stage heart failure. Despite improvements in medical procedures 
and immunosuppressive therapy, the 5 year patient survival after heart 
transplantation remains at 77% [1]. After surviving the immediate 
perioperative period, early complications facing the cardiac transplant 
population include infection, graft rejection, and cardiac allograft 
vasculopathy (CAV). Antibodies against the human leukocyte antigens 
(HLA) are known to play a dominant role in decreased graft survival 
[2] and treatments prior to and after transplantation are used for 
patients who present with HLA antibodies directed against donor 
antigens (HLA-DSA) [3]. Many centers also report testing for presence 
of antibodies other than HLA (non-HLA antibodies) when allograft 
dysfunction occurs in the absence of detectable HLA-DSA [4,5]; these 
include antibodies directed against the MHC class I polypeptide-
related sequence A [6], endothelin A receptor [7], vimentin and myosin 

[8]. However, appropriate treatment approaches or outcomes post-
treatment in the presence of non-HLA antibodies are not sufficiently 
described in the literature [3]. 

Antibodies against the G protein coupled receptor, angiotensin II 
type 1 receptor (AT1R-Abs) are non-HLA antibodies that have been 
implicated in heart allograft rejection. AT1R-Abs are associated with 
antibody-mediated rejection (AMR), cellular-mediated rejection 
(CMR), and early onset of microvasculopathy at 1 year post-
transplantation [7]. Angiotensin II type 1 receptor (AT1R), the target 
for antibody binding, is expressed on the vascular endothelium and 
expression increases with inflammation caused by stress or graft injury 
[9]. AT1R mRNA expression was upregulated on the biopsy of heart 
transplant recipients with recurrent acute rejection [10]. As with other 
non-HLA antibodies, despite numerous reports on the involvement 
of AT1R-Ab in heart transplantation outcome, there are very few 
studies that focus on a treatment protocol in the presence of circulating 
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AT1R-Ab. Here, we present a case series of heart transplant recipients 
with positive AT1R-Ab and decreased cardiac function and discuss 
therapeutic approaches used and outcome.

Methods
Definition of “decreased cardiac function”

This study was approved by the Johns Hopkins Hospital Institutional 
Review Board. Cardiac transplant patients at Johns Hopkins were 
routinely monitored for signs of rejection after transplantation 
with echocardiograms and endomyocardial biopsies. For patients 
between biopsies or who presented with signs or symptoms of heart 
failure, an echocardiogram was performed followed by a right heart 
catheterization and endomyocardial biopsy, if clinically indicated. For 
the purpose of this study, we defined hemodynamically significant 
cardiac dysfunction on echocardiogram as a decrease in ejection 
fraction (EF) of greater than or equal to 20%. Symptoms including 
shortness of breath, palpitations, chest tightness, and prolonged 
inotrope/vasopressor requirements during hospitalization were other 
triggers for evaluation of cardiac function with echocardiogram with or 
without right heart catheterization (RHC) and cardiac biopsy. Biopsy 
proven AMR, decreased ejection fraction, or signs of hemodynamic 
insufficiency triggered testing for HLA-DSA. If HLA-DSA was negative 
or detected at very low levels that did not correlate with observed 
dysfunction [3,11] testing for AT1R-Ab was performed. 

Biopsy evaluations

Cardiac biopsies were performed per protocol during the first year 
post transplantation, at 1 to 4 weeks and months 2, 3, 4, 5, 6, 8, 10 and 
12. After one year post transplantation, biopsies were performed only 
in cases of suspected allograft dysfunction (for-cause) or if patients 
had rejection during the first year. Right heart catheterizations were 
performed with each biopsy. Biopsies were graded for cellular and 
antibody mediated rejections based on ISHLT 2005 criteria [12]. AMR 
was defined as positive immunofluorescence staining for peri-capillary 
deposition of complement split products C4d and C3d. 

Pre-transplant and post-transplant treatment

Induction therapy with basiliximab (2 mg/kg) was given on post-
operative days 1 and 4 for patients deemed at higher risk for rejection 
or for those who required delay of calcineurin inhibitor therapy due to 
renal dysfunction. This included patients with a history of sensitization, 
young females, those with diabetes, baseline renal insufficiency, or pre-
transplant use of left ventricular assist devices. Treatment for AMR 
varied by patient but routinely included plasmapheresis and IVIG 
plus increasing routine immunosuppression. Some patients with 
positive AT1R-Ab were started on the angiotensin receptor blocker, 
losartan (25-100 mg as tolerated by patient), when permitted by clinical 
condition. Limiting factors for use of ARBs included hyperkalemia, 
renal dysfunction or hypotension. Patients were also treated with 
steroids and angiotensin converting enzymes inhibitor (ACEi) as 
needed or when ARB could not be used. 

HLA typing and antibody determination

Heart transplant candidates and their cadaveric donors were 
typed for HLA-A, B, C, DR, DQ and DP by reverse sequence specific 
oligonucleotide assay (LABType®, One Lambda Canoga Park, CA). 
HLA antibody testing was performed with pre and post-transplant 
patients’ sera using the Luminex™ pooled HLA antigen (LMX), the 
phenotype bead assay (LMID) (Immucor-Lifecodes, Stamford, CT) and 

a single antigen panel (One Lambda, Canoga Park, CA). HLA antibody 
levels were assigned as previously described [13]. Briefly, cytotoxic 
crossmatch positive (CDCXM +), flow cytometric crossmatch positive 
(FCXM+), and FCXM- Luminex+ levels were reported for MFI values 
> 10,000, 4,000 to < 10,000, and 2,000 to < 4000 MFI, respectively for 
HLA-A, HLA-B, and HLA-DR, and >20,000, 12,000 and 4,000 for 
HLA-C, HLA-DQ and HLA-DP respectively. MFI below these values 
were reported as low level and those that lacked specificity patterns 
were reported as negative. Cytotoxicity crossmatches were performed 
prospectively when heart transplant candidates were sensitized 
against HLA antibodies or retrospectively for non-sensitized patients. 
Cytotoxic crossmatch tests were done with positively selected T and 
B lymphocyte targets as previously described [14]. Flow cytometric 
crossmatches were performed as previously described [15] when a 
donor specific HLA antibody detected on the Luminex panel was >3000 
MFI. Hypotonic dialysis was performed to remove IgM autoantibodies 
and IgG immune complexes from sera and sera for crossmatch testing 
were back-dialyzed to achieve isotonicity. 

AT1R-Ab testing was performed using quantitative ELISA (One 
Lambda, ThermoFisher) as previously described [16] using sera 
collected at time of graft dysfunction. If available, a pre-transplant 
serum was tested retrospectively. AT1R-Ab concentrations ≥ 17 units/
ml were reported as positive.

Results
Clinical characteristics of patients selected for AT1R-Ab 
evaluation

Testing for AT1R-Ab was performed between July 2014 and July 
2017 for 12 heart transplant recipients. Nine of the twelve patients 
(75%) were positive for AT1R-Ab. The characteristics of patients and 
donors are listed in Table 1. The mean time from transplantation to 
development of cardiac dysfunction was 61 months (range 5 to 252 
months). The majority of the patients were male (75%) and were 
diagnosed with non-ischemic cardiomyopathies (92%) prior to heart 
transplantation. Seven of the 12 patients were treated with a ventricular 
assisted device prior to transplantation. One patient received a kidney 
transplant prior to heart transplantation. 

The twelve patients presented with various abnormal clinical 
features including development of palpitations secondary to 

Patient Characteristics 
Median months from transplant (range) 61 (5-252)
Mean age at transplantation (range) 41 (25-67)
Caucasian, n (%) 6 (50)
Male, n (%) 9 (75)
Use of LVAD (%) 7 (58)
Prior history of transplants n (%) 1 (8)
Causes of cardiovascular disease leading to OHT3  
ICM1 1 (8)
NICM2 11 (92)

Donor Characteristics
Mean age at transplantation (range) 42 (25-69)
Caucasian, n (%) 7 (58)
Male n, (%) 9 (75)
HLA class I mismatch (A,B,C) 4.5/6
HLA class II mismatch (DR,DQ) 2.8/4

Table 1. Characteristics of 12 Heart Transplant Recipients Evaluated for AT1R-Ab

1ICM: ischaemic cardiomyopathy
2NICM: non-ischaemic cardiomyopathy
3OHT: orthotopic heart transplant
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supraventricular tachycardia (n=1), pacemaker alert for non-sustained 
ventricular tachycardia (n=1), prolonged inotrope/vasopressor 
dependence on inpatient admission (n=2), volume overload presenting 
as peripheral edema (n=1), worsening shortness of breath (n=4), 
decreased EF on routine surveillance (n=7). Measurements on right 
heart catheterization (RHC) showed a cardiac index < 2.5 in 10 of the 12 
patients. Furthermore, 7 of 12 patients had a left heart catheterization 
(LHC) done at the time of AT1R-Ab evaluation, all of which showed no 
coronary disease significant enough to explain the cardiac dysfunction. 

HLA antibody and Biopsy characteristics

Pre-transplant HLA antibody data was available for 8 of the 
12 patients; the remaining 4 patients were transplanted at other 
institutions prior to being followed at Johns Hopkins, therefore had 
no available pre-transplant serum (Table 2). Of those transplanted at 
Johns Hopkins, 7 patients were negative and 1 was positive for HLA 
antibody prior to transplantation; this patient had HLA-DSA against 
A2, below a level sufficient to cause a positive crossmatch. All CDCXMs 
were negative at time of transplantation. Six patients were positive for 
AT1R-Ab prior to transplantation.

At time of cardiovascular dysfunction, 8 of the 12 patients remained 
negative for HLA antibodies. Six of the 8 patients were positive for 
AT1R-Ab. Four patients had detectable HLA-DSA directed against 
HLA class II; one patient developed both class I and class II HLA-DSA 
(Table 2). In all cases, the level of HLA-DSA was low and not sufficient 
to yield positive crossmatches [11]. Of the 4 patients with low level 
HLA-DSA, 3 were also positive for AT1R-Ab. 

Biopsy data are shown in Table 2. At time of dysfunction, 3 of 
the 9 recipients with positive AT1R-Ab developed biopsy proven 
antibody mediated rejection; 3 had mild rejection (grade 1R/1A), 2 
had no rejection and 1 patient had no rejection but progressive fibrosis 
indicated on biopsy. The remaining 3 patients with AT1R-Ab negative 
had mild (1R/1A) rejection (n=2) or no rejection (n=1).

Treatment and outcome
The course of treatment and outcome for the nine patients with 

positive AT1R-Ab at time of cardiac dysfunction are illustrated in 
Figure 1. Follow-up testing for AT1R-Ab were performed for 8 of the 9 
patients using sequential sera as treatment was administered and until 
resolution of the dysfunction. Patients 1 through 5 were treated with 
losartan at clinically tolerated doses. Three of the 5 patients (1, 2 and 
3) recovered good graft function and ejection fractions improved to 
> 55%. Patient #2 was additionally treated with plasmapheresis and 
IVIG. These patients maintained good graft function until the end 
of follow-up (patient 1:13.5 months; patient 2: 2 months and patient 
3: 6 months after initiation of treatment (Figure 1). Ejection fraction 
did not improve for patients 4 and 5 despite use of losartan and both 
patients died from complications related to graft dysfunction (patient 
4 at 11 months after start of treatment and patient 5 at 14 months 
after the start of treatment). Importantly, prior to progression to graft 
dysfunction, patient 4 had a heart block that required a pacemaker and 
patient 5 had multiple infections. 

Three patients (patients 6, 7 and 8) who also presented with 
positive AT1R-Ab and low ejection fraction were not given an ARB. 
Patient #6 was not able to be treated with an ARB due to hyperkalemia. 
He developed fibrosis on biopsy, was treated with pulse steroids and 
recovered good allograft function until the end of follow-up (2.3 
months). Patients 7 and 8 developed AMR on several biopsies in 
the absence of HLA-DSA. Both patients were treated with several 
rounds of plasmapheresis and IVIG. AT1R-Ab levels decreased and 
both patients regained good allograft function up to 1 month and 11 
months respectively after initiation of treatment. Patient #9 showed 
mild rejection on several biopsies, but maintained normal ejection 
fraction with no other clinical abnormalities. This patient was given 
an angiotensin converting enzyme inhibitor (ACEi) and maintained 
good graft function in the presence of high level of AT1R-Ab. Patient 
#11 had weakly positive AT1R-Ab as well as low level class I and class 
II HLA-DSA at time of cardiac dysfunction with decreased ejection 

Table 2. Antibody and Biopsy Data for Patients Evaluated for AT1R-Ab

Patient Race Sex Age1 Patient 
Status

Post Tx2 
(Months) EF3 

Pre Tx 
HLA-
DSA

Post Tx HLA-
DSA4

Pre Tx 
AT1R-
Ab

Post Tx 
AT1R-
Ab 

Biopsy diagnosis Losartan Other 
treatments 

1 AA F 43 living 224 45 U DQ7 U 25.36 No rejection Yes No
2 C M 25 living 252 30 U DR51 U >40 Mild acute rejection 1R; AMR 1R Yes PP/IVIG
3 C M 67 living 36 35 N N >40 22.25 Mild acute rejection 1R Yes Pulse steroids
4 C M 56 deceased 98 45 N N U >40 No rejection Yes Pulse steroids
5 AA M 39 deceased 75 40 N DR9, DQ8, DQ9 >40 >40 AMR 1R Yes PP/IVIG
6 C M 60 living 47 35 N N >40 >40 No rejection/Progressive fibrosis No Pulse steroids
7 AA M 35 living 5 65 A2* N >40 >40 Moderate rejection 2R; AMR 1 No PP/IVIG
8 AA M 51 living 13 >70 N N >40 >40 AMR1 No PP/IVIG
9 AA M 37 living 39 55 N N >40 >40 Mild rejection 1R No No
10 C M 43 living 322 35 U N U 3.8 No rejection Yes No

11 O F 26

living/
declining 
graft 
function

33 50 U B18, B60, DQ7 U 13.38 Mild rejection 1R No No

12 C F 34 living 93 65 N N U 6.9 Mild rejection 1R No Bolus and 
taper steroids

AA: African American; C: Caucasian; O: Asian; F: female; M: male; U: data unavailable; N: negative.
1Age: age at time of transplantation
2Tx: Transplant
3EF: ejection fraction at time of AT1R-Ab evaluation
*A2 HLA-DSA detected prior to transplantation was below a level sufficient to yield a positive CDCXM or FCXM
>40: AT1R-Ab concentrations were beyond the maximum level of detection of the assay
     4Post Tx HLA-DSA: Single and cumulative HLA-DSA were FCXM- Lum+ levels
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fraction and mild cellular rejection (1R) on a biopsy. This patient 
never recovered good graft function and EF remained low until the 
end of follow up. Patient #12 had mild rejection (1R) on biopsy with 
negative HLA-DSA and AT1R-Ab; this patient received steroids for the 
rejection (Table 2).

Discussion
In this study we describe the clinical course and treatment for 

heart transplant recipients who present with allograft dysfunction and 
positive AT1R-Ab. Of 12 patients evaluated, 9 were positive for AT1R-
Ab. Seven patients recovered good graft function defined as resolution 
of clinical dysfunction as well as rejection on biopsy, and increase in 
ejection fraction. Five of the 7 patients received treatments consisting 
of either losartan alone, losartan with plasmapheresis and IVIG, 
or only plasmapheresis and IVIG. One patient (#6) was given pulse 
steroids and remained stable with good graft function at 2 months after 
initiation of treatment with biopsy showing fibrosis. The final patient 
(#9) was treated with an ACEi. 

AT1R-Abs were shown to exert their effect by activating the G 
protein coupled receptor, AT1R, and initiating a pro-inflammatory 

cascade leading to endothelial damage. AT1R-Abs isolated from 
the sera of transplant recipients with vascular rejection induced Erk 
signaling in endothelial and vascular smooth muscle cells, resulting in 
the increased expression of inflammatory (MCP-1 and RANTES) and 
coagulation (Tissue Factor) proteins [17-19], reactive oxygen species, 
NFκB and NADPH oxidase expression [20]. Angiotensin receptors 
blockers, such as losartan, are small molecules with anti-inflammatory 
properties [21] that bind accessible epitopes of AT1R and function as 
inverse agonists [22-24]. Losartan is commonly used for treatment of 
cardiovascular diseases. However, two patients with positive AT1R-Ab 
never recovered normal graft function despite use of losartan. Several 
factors may account for these differences. First, AT1R activation via 
antibody binding rather than with the natural ligand, angiotensin II, 
could maintain the receptor in a constitutively active state. Zhang, et al. 
showed that vasoconstriction induced by AT1R-Ab was maintained for 
more than 30 minutes compared to 3 minutes with angiotensin II [25]. 
Studies that compare a wild type (stable) AT1R to an activated mutant 
AT1R show that interaction between AT1R residues and losartan 
may be altered when the receptor is maintained in an activated state 
[24]. The study further shows that other ARBs retain better inverse 
agonistic properties compared to losartan [24]. Therefore future 

Figure 1. Treatment Protocol for 9 patients with positive AT1R-Ab. Heart transplant patients with graft dysfunction were treated with losartan, PP+IVIG, steroids, or ACEi. Percent ejection 
fraction (y axis – red line) and AT1R-Ab (U/ml) (x-axis- blue bars) were monitored overtime. Ejection fractions increased after treatment above 60% for patients 1,2,3,6,7,8 (red lines). 
Ejection fraction remained below 60% for patients 4 and 5. There was no change in ejection fraction for patient 9. AT1R-Ab levels decreased for patients treated with plasmapheresis and 
IVIG (1,2,3,7,8). POD = Post-operative day.
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studies comparing the efficacy of various ARBs may be needed to 
improve treatment protocols. Candesartan along with plasmapheresis 
was proposed as dual treatment in kidney transplant recipients who 
present with positive AT1R-Ab prior to transplantation [26]. Secondly, 
compared to the 7 patients who recovered good function, the 2 deceased 
patients had significant comorbidities; patient #4 developed a heart 
block requiring a pacemaker prior to graft dysfunction and patient #5 
had several infections that were never resolved. Successful treatment 
may require initiation of therapeutic protocols in patients before they 
develop significant comorbidities. 

AT1R-Ab was detected in the sera of 6 heart transplant recipients 
prior to transplantation (Table 2). In renal transplantation, patients with 
pre-transplant positive AT1R-Ab had increases in serum creatinine 
within month 3 post-transplantation and developed rejection [13]. 
Heart transplant recipients maintained on mechanical assist devices as 
a bridge to transplantation develop AT1R-Ab [27] and have a higher 
incidence of ischemic cardiomyopathy compared to those who did 
not use a ventricular assisted device (VAD) [28]. Biomaterials used 
in VAD were found to trigger host immune responses and lead to 
development of inflammation, fibrosis, coagulation, and infection [29]. 
Consequently, screening this category of patients for AT1R-Ab at time 
of transplantation and initiating treatment, may prevent early injury to 
the transplanted organ. 

Plasmapheresis and IVIG have been used as desensitization 
treatments to reduce HLA antibody levels prior to transplantation or 
post-transplantation to treat AMR [3]. This desensitization treatment 
also reduces AT1R-Ab levels [30] although AT1R-Ab rebound often 
occurs after plasmapheresis treatments. Rapid removal of AT1R-
Ab at time of inflammation, particularly in patients with very high 
antibody titers, in conjunction with use of an appropriate ARB to block 
receptor activation was shown in patients 2, 7 and 8 to be an effective 
combination of treatment.

One patient (patient #6) was not treated with an ARB due to 
hyperkalemia but recovered good graft function following use of pulse 
steroid. A similar treatment was reported in a case study for treatment of 
rejection in the presence of AT1R-Ab [31]. AT1R expression increases 
during inflammation [9], therefore use of steroids to reduce inflammation 
may be an effective approach to reduce the availability of the target AT1R 
on the endothelium to which circulating antibodies can bind.

Four patients evaluated for AT1R-Ab also had HLA-DSA (patients 
1,2,5,11); the majority directed against HLA-DR and DQ antigens. 
Several studies in kidney transplantation have shown worst graft 
outcome when both HLA and AT1R antibodies are present in patient 
serum [16,32]. Additionally, a few studies have suggested that presence 
of AT1R-Ab prior to transplantation can elicit development of HLA 
antibodies [32]. 

This study has many limitations. As this was a retrospective 
analysis designed to provide some guidelines for treatment of patients 
with positive AT1R-Abs, there was no consistent treatment algorithm 
applied for all of the patients, and there was limited information 
available for the selection of one therapy versus another. Nevertheless, 
this small case series provides preliminary data for the design of 
larger, prospective studies that compare these treatments across larger 
populations and inform on best practices for patients with positive 
AT1R-Ab. There are certainly not enough patients in this study to infer 
any therapeutic benefit with treatment using losartan; however, since 
ARBs are commonly used to treat hypertension and cardiovascular 
diseases, clinicians are familiar with contraindications and appropriate 

doses. Further work is needed however to evaluate the efficacy of 
losartan versus other ARBs as well as best time to initiate treatment 
with an ARB. 

AT1R-Ab in heart transplant recipients appears to be associated 
with hemodynamic significant rejection. The use of angiotensin 
receptor blockade can be considered in the therapy of these patients, in 
the presence of reduced ejection fraction, but further studies should be 
performed. In the setting of heart transplant patients with graft injury, 
evaluating for non-HLA antibodies should be considered. 
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