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Abstract
Humoral response beyond human leukocyte antigen (HLA) is of great interest in the transplant community. 
We decided to summarize the data on a new antigenic target called angiotensin II type 1 receptor (AT1 recep-
tor). Non-HLA antibodies can now be detected in routine clinical care of patients after transplantation, but 
their role is not fully understood. Numerous analyses showed that non-HLA response may exert a higher risk 
of allograft rejection and allograft loss independently of the HLA system. Non-HLA response may even have 
a higher rate of antibody-mediated rejection. Information regarding antigen target, as well as the patho-
physiology of its antibodies and diagnostic tools, is essential for a better understanding of non-HLA humoral 
response. Angiotensin II type 1 receptors are the most recognized target for non-HLA antibodies. Anti-AT1R 
Abs (anti-angiotensin II type 1-receptor-activating antibodies) may identify renal transplant patients at higher 
risk of graft rejection and loss. The presence of AT1 receptor expression analyzed together with anti-AT1R Abs 
should be considered for better transplant immunological risk assessment. Further assessment is required 
for a better understanding and to create appropriate therapeutic strategies.
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Introduction

Antibody-mediated rejection (AMR) is  currently 
the main cause of graft loss.1 The influence of anti-HLA 
antibodies on transplant injury is well known and de-
scribed as humoral theory of transplantation.2–4 Recently, 
non-HLA antibodies have been more often considered 
an additional factor which may have a negative impact 
on the transplant.5 The search for the role of these an-
tibodies in renal transplant rejection has become more 
vital and has led to the discovery of many specific targets 
of their binding, other than HLA. Non-HLA antigens may 
be expressed on endothelial and epithelial cells but also 
parenchymal cells and circulating immune cells, which 
may be objectives for non-HLA antibodies. Among them, 
antibodies directed against angiotensin II type 1 receptor 
(anti-AT1R Abs) seem to be more important and should 
be considered a potential cause of transplant injury. Anti-
AT1R Abs were described as associated with allograft re-
jection.6–8 It seems possible that circulating anti-AT1R Abs 
might indicate renal transplant recipients at an increased 
risk of graft rejection and loss who are not discovered 
by the HLA system.

In this review, we discussed the significance of AT1 re-
ceptor as a potential target for anti-AT1R Abs. We also 
analyzed the pathomechanism of transplant injury and 
clinical consequences of the damage. Finally, we consid-
ered potential diagnostic implementation and therapeutic 
implications.

AT1 receptor as a potential target 
for non-HLA antibodies

The distribution of AT1 receptors occurs in many or-
gans and, after activation by angiotensin II, has an impact 
on the vasoconstriction of vascular smooth muscle cells, 
sodium reabsorption in proximal tubules and aldosterone 
secretion in the adrenal cortex.9,10

Angiotensin II type 1 receptor (AT1 receptor) is G pro-
tein-coupled receptor that contains 7 transmembrane 
loops with the antibody binding place located on the sec-
ond loop.11 It is activated by angiotensin II, which mediates 
some physiological and pathophysiologic processes with 
arterial blood pressure or water-salt balance.12 The human 
gene for AT1 receptor is located on chromosome 3 and 
contains 4 exons.13 There are some polymorphisms of AT1 
receptors but the most known is A1166C, which is con-
nected with increased sensitivity to angiotensin II and 
cardiovascular and renal insufficiency.14 The stimulation 
of AT1 receptors by anti-AT1R Abs involves the activation 
of nuclear factor-κβ and causes inflammatory response.15 

Stimulation of higher receptors has also been revealed due 
to cardiovascular complications connected with remod-
eling in heart, kidney and vessels, and caused increased 
mortality and morbidity.16

Many studies have shown that the significant presence 
of anti-AT1R Abs before transplantation is an important 
risk factor of graft loss.7,17 Some studies have also revealed 
a potential influence of a higher level of anti-AT1R Abs 
on graft failure and worse functioning of  renal trans-
plant.6,18 In their study, Dragun at al. presented 16 allo
graft recipients with refractory rejection and malignant 
hypertension and anti-AT1R Abs but without donor HLA-
specific antibodies (HLA-DSAs).15

These findings challenged us to analyze the presence 
of AT1 receptors in  renal transplant biopsies.19 As  far 
as we know, nobody has analyzed AT1 receptors in renal 
transplant biopsies for cause (deterioration in function 
or proteinuria), so this research was pioneering. We de-
tected positive immunostaining of AT1 receptors in tu-
bular epithelium in 26.3% (42/118) of patients who had 
indication biopsy. The expression was estimated based 
on a three-step scale described as lack of expression (0), low 
immunoreactivity (1) and high expression (2). The expres-
sion was assessed as high in 7 patients and as low in 35 pa-
tients. What seems to be of high clinical significance is that 
one-year post-biopsy graft loss in patients with AT1 recep-
tors expression in tubules was significantly higher com-
pared to patients without such expression.19

The analysis of 156 renal transplant patients for the ex-
pression of the AT1 receptor and, additionally, the presence 
of anti-AT1R Abs showed that AT1 receptors are also de-
tected in other renal compartments.20 In this group, 6 pa-
tients had positive expression in microcirculation (glom-
eruli and peritubular capillaries), which was connected 
with antibody-mediated rejection and high graft loss.

Pathomechanism of injury

Non-HLA antibodies, like anti-AT1R Abs, can be present 
before transplantation or occur de novo after transplanta-
tion.21 Many papers have revealed that when HLA anti-
bodies and non-HLA antibodies occur together, they can 
cause much shorter graft survival compared to the situa-
tion when only 1 group of these antibodies is present.7 This 
is attributed to their synergistic impact on the structure 
of the endothelium. It  is assumed that HLA antibodies 
cause endothelial damage and, as a result, autoantigens 
are exposed, which can lead to the formation of autoanti
bodies.22 On the other hand, non-HLA antibodies may pro-
voke an inflammatory response and this process can cause 
upregulation of HLA expression; in consequence, the graft 
graft becomes more prone to alloimmune response.23

Angiotensin II type 1 receptor is prevalent on vascular 
endothelium and performs many significant functions. For 
example, it stimulates angiotensin II both in physiological 
and pathophysiological ways.12 It is involved in vasocon-
striction, blood pressure regulation, and water and salt 
balance. It  is the main mediator of oxidative stress and 
reduced activity of nitric oxide (NO). Angiotensin II causes 
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endothelial dysfunction and stimulates pro-inflammation 
in vascular smooth muscle cells.24 It is thought that an in-
creased level of angiotensin II may lead to acute ischemic 
complications. It can stimulate local metalloproteinases 
and, in the end, provoke high possibility of rupture.25

Stimulation of AT1 receptors by autoantibodies induces 
phosphorylation of the ERK1/2 pathway in the endothe-
lium. It raises the binding activity of transcription factor 
nuclear factor-κB and activator-protein 1. This process 
may result in the synthesis of proteins, cell migration, 
inflammation and fibrosis.26,27 Dragun et al. revealed that 
only IgG1 and IgG3 subclasses can cause this type of ago-
nistic effect.15

Due to their noticeable role in many molecular pro
cesses, anti-AT1R Abs are considered to be a significant 
risk factor in vascular diseases such as pre-eclampsia, sys-
temic sclerosis and malignant hypertension.28,29

The clinical significance 
of AT1 receptors in renal 
transplantation

The first report about the impact of antibodies against 
angiotensin II type-1 receptor (anti-AT1R Abs) appeared 
in a study by Dragun et al., which indicated the influence 
of these antibodies on the kidney antibody-mediated rejec
tion, where the presence of anti-AT1R Abs with the ab-
sence of anti-HLA was detected in 16 patients with pro-
gressive graft failure after renal transplantation.15

The presence of anti-AT1R Abs before the transplanta-
tion is a separate risk factor for graft failure both shortly 
after transplantation and in later outcome.30 Many studies 
have shown that patients with the anti-AT1R Abs (+) had 
a worse graft function are more frequent graft loss than 
the groups of patients where anti-AT1R Abs were absent.6,31

Giral et al. in their research focused on the presensitiza-
tion against AT1 receptors and its impact on graft survival 
and the risk of acute rejection.7 The study involved 599 pa-
tients who underwent renal transplantation. A higher level 
of anti-AT1R Abs was identified in 283 patients (47.2%) 
before renal transplantation. The study assumed an ele
vated level of anti-AT1R Abs as >10 U/L. In the risk group, 
where anti-AT1R Abs were positive, the probability of graft 
failure was 2.6-fold higher 3 years after transplantation 
and 1.9-fold higher risk of acute rejection during the first 
4 months after transplantation. Therefore, a high level 
of anti-AT1R Abs should be considered a significant risk 
factor for rejection.

The occurrence of anti-AT1R Abs in renal transplant re-
cipients seems to greatly affect graft survival and is an ad-
ditional factor of graft rejection in patients with a higher 
immunological risk.

Antibodies against AT1 receptors may develop in many 
pathways. The transplant process itself can cause increased 

expression of AT1 receptors; ischemia and reperfusion inju-
ry by oxidative stress may also lead to an immune response.23

The pre-transplant presence of  anti-AT1R Abs may 
be significant in predicting anti-AT1R Ab-related rejec-
tion.34 The evaluation of antibody-medicated rejection 
(AMR) risk based solely on the HLA pre-sensitization 
seems to be inadequate. In a study by Taniguchi et al., 
351 patients after renal transplantation were taken into 
consideration. The patients were divided into a group with 
abnormal biopsies (n = 134) and a control group (n = 217).6 
Anti-AT1R Abs were detected using quantitative enzyme-
linked immunosorbent assay (ELISA) test. A positive level 
of those antibodies was assumed to be 15–25 U/mL and 
a negative one <10 U/mL. Of all the patients, 17% (n = 60) 
had a positive level of anti-AT1R Abs. Thirty-five of those 
patients were anti-AT1R Abs-positive only at the time 
before transplantation and 1 patient from this group lost 
his graft. However, the remaining 25 patients, who were 
anti-AT1R Abs-positive, both before and after transplan-
tation, had significantly greater graft loss. In the group 
of patients (n = 11) in which anti-AT1R Abs occurred de 
novo, the graft loss was observed in 64% of the patients 
(n = 7). In the group of patients with abnormal biopsies, 
14% (19/134) of patients were pre-transplant positive and 
84% (16/19) of them stayed positive also after transplan-
tation. In the control group, 19% of the patients (41/217) 
were anti-AT1R Abs-positive before transplantation, but 
only 22% (9/41) of  them maintained the positive level 
of those antibodies after transplantation. Graft outcome 
revealed that 79% (19/24) of the group of patients with 
abnormal biopsies with post-transplant anti-AT1R Abs-
positive had lost their grafts, whereas in the control group, 
there were no cases of graft loss (p < 0.001). Another fac-
tor investigated in this study was the influence of anti-
AT1R Abs on graft survival with the presence or absence 
of donor-specific antibodies (DSA). It was observed that 
the worst graft survival was in the group of patients who 
presented both post-transplant anti-AT1R Abs and DSA 
(p = 0.007). The study concluded that despite the role 
of HLA antibodies on graft failure, non-HLA antibod-
ies like anti-AT1R Abs also have a significant influence 
on graft function deterioration and, finally, rejection.

In the analysis of 117 patients after renal transplantation, 
arteritis in renal biopsy was significantly more frequent 
in anti-AT1R Abs (+) group (3/27, 11.1%) than in anti-AT1R 
Abs (–) group (1/90, 1.1%) (p = 0.038). The study showed 
that the pre-transplant presence of anti-AT1R Abs can 
influence the graft function as an independent risk fac-
tor, which can result in earlier graft failure, rejection and 
graft loss.8

Our very last analysis of the expression of AT1 receptor 
together with its antibodies in patients who had a renal 
transplant indication biopsy showed that the presence 
of anti-AT1R Abs in serum together with the expression 
of AT1 receptor in transplant biopsy was associated with 
a significantly higher graft los.20
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Anti-AT1R Abs may possibly identify renal transplant 
recipients at high risk of allograft rejection and loss in-
dependently of the HLA system. In the analysis of 1,845 
renal transplant recipients, donor-specific HLA antibod-
ies (DSA) and anti-AT1R Abs were measured at the time 
of the first acute rejection episode or 1 year after transplan-
tation.32 Transplant biopsy was performed to assess the re-
jection phenotype and endothelial activation. The analysis 
showed that 371 (20.1%) participants had anti-AT1R Abs, 
334 (18.1%) had DSA and 133 (7.2%) had both.

Additionally, patients with anti-AT1R Abs had a higher 
rate of antibody-mediated rejection compared to partici-
pants without anti-AT1R Abs. Among 77 renal transplant 
recipients with histological features of AMR but without 
DSAs, 51 (66.2%) had anti-AT1R Abs. What is more, anti-
AT1R Abs-associated rejection was marked by a higher 
level of endothelial-associated transcripts and lack of com-
plement deposition in allograft capillaries.

Monitoring of non-HLA anti-AT1R Abs, in addition 
to the current immunologic assessment of renal trans-
plant recipients, may have clinical significance in graft 
protection. Understanding complement-independent anti-
AT1R Abs-mediated rejection may help to create a new 
therapeutic approach targeting circulating anti-ATR Abs 
to improve allograft survival. Nowadays, the therapeutic 
strategy in recipients with antibody-mediated rejection in-
volves removing circulating DSA, blocking the DSA effects, 
and reducing the production of antibodies.33 The identifi-
cation of anti-AT1R Abs may significantly affect the clini-
cal routine care of transplant recipients, as it may facilitate 
the development of therapeutic strategies. Further research 
should evaluate the usefulness of current therapies, such 
as plasma exchange and IVIG, which are standard care 
in the therapy of patients with anti-HLA AMR. Potential 
therapeutic strategies may include a selective blockade 
of AT1 receptors using sartans.5,32,34,35 However, no clini-
cal trial has been presented to prove the potential benefit 
of such approaches.

Conclusions

Angiotensin II type 1 receptors are an important target 
for non-HLA antibodies, which may cause injury of renal 
transplant. Independently of the HLA system, monitor-
ing of anti-AT1R Abs may recognize renal transplant pa-
tients who are at a higher risk of graft rejection and loss. 
The presence of AT1 receptor expression in renal biopsy 
analyzed together with anti-AT1R Abs should be consid-
ered for better transplant immunological risk assessment.
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