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Abstract: Background: Non-human leukocyte antigen (HLA) anti-endothelin A receptor antibodies
are presented as being potentially important, but the expression of the endothelin A receptor in
glomeruli (ETA receptor (g+)) has not yet been described. We decided to evaluate the presence and
relevance of the ETA receptor in for-cause renal transplant biopsies. The aim of our study was to
evaluate the immunoreactivity of the ETA receptor and its significance in patients who underwent a
renal transplant biopsy due to the deterioration of transplant function, with detailed characterization
of staining in glomeruli. Methods: The immunohistochemical expression of ETA receptor (ETAR) was
analyzed in renal transplant biopsies. Microscopic evaluation was performed on paraffin sections in
glomeruli. The analysis was performed using a two-step scale (0: lack of ETAR expression; 1: the
presence of ETAR expression—mild to moderate immunoreactivity). Results: We analyzed 149
patients who underwent renal allograft biopsy after renal transplantation. Positive staining of ETA
receptors in glomeruli (ETA receptor (g+)) was noticed in 13/149 (8.7%) patients. Five of these 13
(38.5%) patients with ETA receptor (g+) developed antibody-mediated rejection (AMR), while 13
of the remaining 136 (9.5%) ETA receptor (g-) patients developed AMR (p = 0.0022). Graft loss was
noticed in all but one ETA receptor (g+) patient with AMR (4/5; 80%), but only in 2/13 (15%) ETA
receptor (g-) patients with AMR (p = 0.009) during the first year after biopsy. Conclusions: The
expression of endothelin A receptors in glomeruli seems to be a potentially important feature in the
diagnosis of damage during antibody-mediated rejection. It may help to identify patients at a higher
risk of allograft rejection and injury.

Keywords: endothelin A receptors; non-HLA antibodies; antibody-mediated rejection; allograft in-
jury
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1. Introduction

Humoral response is the main cause of graft loss, according to numerous sources
of evidence [1-8]. The significance of anti-human leukocyte antigen (HLA) antibodies in
transplantation is well described and acknowledged, but the role of non-HLA responses
remains unclear.

Endothelin A receptor (ETA receptor) has recently been taken into account as one of
the non-HLA antigens which may play an important role in immunological response and
graft loss [9-12]. Endothelins (ETs) are peptides with a main function of vasoconstriction.
These peptides are produced mainly in the endothelium [13]. Endothelin peptides include
ET-1, ET-2, and ET-3 [14]. ET1 has been described as a factor which can possibly cause
tubulointerstitial injury and proteinuria when it is produced in excess by the kidneys [15].
The proportion of endothelin A receptor (ETAR) to endothelin B receptor (ETBR) is about
9:1 in the renal artery and about 9. 2:8 in the renal vein. This suggests an essential role for
ETAR in the regulation of renal vascular reactivity [16,17]. Wendel et al. also showed that
receptors similar to human kidney ETARs are the predominant receptors that appear in rat
renal vascular smooth muscle [18].

The presence of anti-ETAR antibodies is considered to be potentially unfavorable, but
their role has not yet been established. Our previous research showed that the presence of
anti-ETAR antibodies is connected with a worse transplant function when compared with
a recipient without these antibodies [19].

The role of ETA receptors in renal transplant patients who had a for-cause biopsy
was first described in our previous paper, proving that the expression of ETA receptors,
evaluated in small and intermediate arteries of renal transplant tissue, was connected with
acute tubular necrosis (ATN) or antibody-mediated rejection (AMR) [20].

In healthy conditions, non-HLA antigenic determinants are protected from circu-
lating antibodies, but they are present and induce humoral response during transplant
injury [21]. Humoral response may be present in patients with no anti-HLA antibodies [22].
More and more evidence indicates that ETA receptors are antigens that potentially induce
immunization in patients with different transplanted organs [23-26].

Glomeruli are strongly involved in humoral response; hence, we decided to analyze
the immunoreactivity of ETA receptors in this compartment of renal transplant biopsies
which were performed in patients due to deterioration of graft function [27,28]. We believe
that glomeruli play a crucial role in antibody-mediated rejection, and the staining of
ETAR in these structures may be associated with injury. According to the newest Banff
classification, chronic active AMR or chronic (inactive) AMR may be diagnosed when
transplant glomerulopathy (cg > 0) is diagnosed. This motivated us to analyze the staining
of ETAR in glomeruli and present our findings.

2. Methods
2.1. Patients and Sample Collection

Consenting patients undergoing a renal transplant biopsy with clinical indications as
the standard of care between August 2011 and May 2016 were included. The indications
for biopsy were described as deterioration in renal function (increase in creatinine of
>0.3 mg/dl or proteinuria of >0.5 g/24 h) as a standard of care. Written informed consent
was obtained from all patients. The patients were recruited from one center. The study was
approved by the Wroclaw Medical University Research Ethics Board (KB-300/2018). All
methods were performed in accordance with relevant guidelines and regulations.

2.2. Histopathology

Paraffin sections were prepared and assessed according to the Banff criteria. The
pathologists (PD and AH) were unaware of the donor-specific antibody status. The presence
of C4d depositions was assessed via the immunohistochemical method performed on
paraffin sections using polyclonal antibody.
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The immunohistochemical expression of ETA receptors was analyzed in renal trans-
plant biopsies. Microscopic evaluation of ETA receptor expression (rabbit polyclonal
antibody, catalog number: G094 (P25101); dilution: 1:100; Assay Biotechnology Company,
Fremont, USA) was performed on 4-um-thick paraffin sections. These were mounted on
silanized slides (DAKO, Glostrup, Denmark). ETA receptor expression was analyzed in
the glomeruli of renal transplant biopsies. The analysis was performed using a two-step
scale (0: lack of ETAR expression; 1: the presence of ETAR expression—mild to moderate
immunoreactivity) (Figure 1).
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Figure 1. (A) Lack of endothelin A receptor (ETAR) expression in the tubular epithelium, glomeruli, and interstitium
(200, hematoxylin). (B) Mild to moderate expression of ETAR in glomeruli with mild to moderate reactivity in the tubular
epithelium. Note the focal enhanced immunoreactivity of ETAR in the kidney interstitium (200 %, hematoxylin). (C) Mild to
moderate immunoreactivity in a glomerulus with high ETAR expression in the tubular epithelium (200 x, hematoxylin).

Comparative co-analysis of the tubular epithelium and interstitium was performed on
a three-step scale (0: lack of ETAR expression; 1: the presence of ETAR expression—mild to
moderate immunoreactivity; 2: high ETAR expression).

2.3. Characteristics of Patients

Characteristics of the patients are shown in Table 1.

Table 1. Characteristics of the patients according to the presence of endothelin A (ETA) receptor in glomeruli.

ETA Receptors in Glomeruli (+) ETA Receptors in Glomeruli (-)

Patient Characteristics N =13 N =136 p
Recipient age, years 373+ 16 435+ 14 NS
Male sex, n (%) 8 (61.5%) 91 (66.7%) NS
Number of HLA ABDR mismatches 3.58 £0.9 359 £1.1 NS
A 142+ 05 134+ 05 NS
B 1.25+04 1.36 £ 0.6 NS
DR 09+05 0.89 £ 0.6 NS

Percentage of presensitized patients

PRA <10% 76,9% 82.2% NS
PRA 10-50% 23,1% 13.5% NS
PRA >50% 0% 4.3% NS
Living donors, No. (%) 0/13 (0%) 8/136 (5.9%) NS
Deceased donors, No. (%) 13/13 (100%) 128/136 (95.1%) NS
Retransplantation, No. (%) 1/13 (7.7%) 5/136 (3.7%) NS
Cold ischemia time, hours 243 + 6.2 22 +£89 NS
Donor, male sex, % 55% 58% NS

Donor age, years 42.1+134 48.5 + 14.6 NS
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Table 1. Cont.
. . ETA Receptors in Glomeruli (+) ETA Receptors in Glomeruli (-)
Patient Characteristics N=13 N =136
Cause of chronic renal failure:
Chronic glomerulonephritis 8 63 NS
Diabetic nephropathy 1 15 NS
Hypertonic nephropathy 0 19 NS
Polycystic kidney disease 1 15 NS
Pyelonephritis 1 8 NS
Others 2 16 NS
Initial immunosuppression

Tacrolimus 8 (61.5%) 94 (69.1%) NS
Cyclosporin 5 (38.5% 42 (30.9%) NS
MMEF/MPA 13 (100%) 133 (97.8%) NS
azatioprine 0 3(2.2%) NS
anti-CD25 therapy 1 (7.6%) 5 (3.7%) NS
Time from the transplant to a biopsy, days 1448 £+ 1333 1612 £+ 1933 NS
Serum creatinine (mg/dl) at biopsy time 2.53 = 0.64 2.45 +1.02 NS

PRA—panel-reactive antibodies; HLA—human leukocyte antigen; MMF-mycophenolate mofetil/ MPA-mycophenolic acid.

The initial immunosuppression involved tacrolimus or cyclosporine, mycophenolate
mofetil, and steroids. In patients with higher panel reactive antibodies (PRA) (10-50) or a
second transplantation, basiliximab was administered. Thymoglobulin was used if the PRA
was above 50. Acute cellular rejection was treated using steroids, while antibody-mediated
rejection was treated with plasmapheresis, intravenous immunoglobulins (IVIGs), and,
occasionally, rituximab or bortezomib. The presence of donor-specific antibodies (DSA)
was tested using solid-phase immunoassay technology (Luminex, Wroclaw, Poland).

2.4. Data Analysis

Statistica version 12 (Statsoft, Newport Beach, CA, USA) was used for statistical
analysis. A p value below 0.05 was considered to indicate significance. The comparisons
between baseline predictors and clinical outcomes were performed using Student’s ¢-test
for parametric continuous variables and the Wilcoxon signed-rank test for nonparametric
data. The Chi-squared and Fisher’s exact tests were applied to assess categorical variables.
Univariate and multivariate logistic regression analyses were performed to evaluate the
association of rejection risk factors with ETA receptor (g+) expression (Table 2).

We checked the influence of the number of grafts, the recipient’s age and sex, max
PRA, the number of HLA mismatches, and anti-HLA antibodies on the presence of ETA
receptor (g+). The association of ETA receptor (g+) with the presence of AMR was checked
by applying univariate logistic regression.

Table 2. Risk factors for ETA receptor (g+) patients (univariate and multivariate analysis).

Univariate Analysis

OR —95% CI +95% CI p
No. of grafts 0.83 0.12 5.52 0.85
Recipient’s age 0.97 0.93 1.01 0.14
Male recipient 0.79 0.24 2.58 0.69
Max PRA 0.98 0.94 1.02 0.35
No. of MM HLA ABDR 1.20 0.85 1.72 0.29
anti-HLA Abs 1.40 0.44 4.49 0.56
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Table 2. Cont.
Univariate Analysis
Multivariate Analysis
OR —95% CI +95% CI P
No. of grafts 0.56 0.06 513 0.64
Recipient’s age 0.96 0.92 1.00 0.06
Male recipient 0.73 0.21 2.62 0.63
Max PRA 0.99 0.95 1.03 0.53
No. of MM HLA ABDR 1.09 0.62 1.93 0.74
anti-HLA Abs 1.46 0.41 5.23 0.56

OR, odds ratio; PRA, panel-reactive antibodies; MM, mismatch; No., number; HLA ABDR, human leukocyte
antigen A, B, DR; Abs, antibodies.

3. Results
3.1. ETA Receptors in Glomeruli and Antibody-Mediated Rejection

We analyzed 149 consecutive patients who underwent renal allograft biopsy between
6 days and 23.5 years (median 643 days) after transplantation. Positive staining of ETA
receptors in glomeruli was noticed in 13/149 (8.7%) patients. Five of these 13 (38.5%)
patients with ETA receptors (g+) developed AMR, compared to 13 of the remaining 136
(9.5%) ETA receptor (g-) patients (p = 0.0023).

The association of ETA receptor (g+) with the presence of AMR was additionally
verified by univariate logistic regression. We noticed a significant influence (p = 0.0055)
(Tables 3-5).

Table 3. The association of positive expression of endothelin A receptor in glomeruli (ETA receptor
(g+)) with the presence of antibody-mediated rejection (AMR) (univariate logistic regression).

Variable OR —95% CI +95% CI p
ETA receptor (g+) = 1 5.91 1.67 20.96 0.0055

Table 4. Analysis of patients with glomerular staining for ETA receptor expression using the Banff 2017 classification of

renal allografts.

Banff 2017
Classification
Patient ETAR Staining Time of Presence of ; t v tc Cade ¢ d ot ov
No. in Glomeruli Biopsy DSA & P &
1 borderline changes ETAR g+ early no DSA 0 0 1 0 0 0 0 0 0 0
2 ATN, TEMRIA, ETAR g+ carly noDSA 0 2 2 0 0 0 0 1 1 0
3 ATN ETAR g+ early no DSA 0 0 0 0 0 0 0 0 0 0
4 AMR, TCMR 1B ETAR g+ late DSA 0 3 3 0 1 2 0 0 0 1
AMR, TCMR 1B,

5 IFTA 2 ETAR g+ late DSA 0 2 3 0 0 1 3 2 2 3
6 AMR, IFTA 2 ETAR g+ late DSA 0 0 0 0 0 0 3 2 2 3
7 AMR, IFTA 2 ETAR g+ late DSA 0 1 2 2 3 3 3 2 2 3
8 AMR, TCMR IB ETAR g+ late DSA 1 2 3 0 0 0 1 0 0 0
9 TCMR IB, IFTA 1 ETAR g+ late no DSA 0 2 3 0 0 0 0 1 1 0
10 TCMR 1B, IFTA 2 ETAR g+ late no DSA 0 2 3 0 0 1 0 2 2 0
11 TCMR 1B, IFTA 2 ETAR g+ late no DSA 0 2 3 0 0 0 0 2 2 0
12 TCMR IA, IFTA 2 ETAR g+ late no DSA 0 2 2 0 0 1 0 2 2 0
13 IFTA 2 ETAR g+ late no DSA 0 0 0 0 0 0 2 2 2 2
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Table 5. Banff assessment of ETA receptor (ETAR)g+ and negative expression of endothelin A receptor in glomeruli (ETARg-) in patients.

g i t v ptc C4d+ cg ci ct cv

ETARg+ AMR(+)
[median (range)]
ETARg+ AMR(-)
[median (range)]
ETARg- AMR(+)
[median (range)]
ETARg- AMR(-)
[median (range)]

0(0-1) 2(0-3) 3(0-3) 0(0-2) 0(0-3) 1(0-3) 3(0-3) 2(0-2) 2(0-2) 3(0-3)

1,5 15
02 02

0(00-2) 2(0-2) 2(0-2) 0(0-2) 1(0-3) 1(0-3) 0(0-2) 0(0-2) 0(0-2) 0(0-2)

00) 20-2) 20-3) 0(0) 000) 0(0-1) 0(0-2) 0 (0-2)

0(0-2) 0(0-3) 0(0-2) 0(0-2) 0(0) 0(0-2) 0(0-2) 0(0=3) 0(0-3) 0(0-3)

3.2. Graft Loss with AMR in ETA Receptor (g+) and ETA Receptor (g-) Patients

Patients with ETA receptor (g+) who developed AMR lost transplants significantly
more often (4/5, 80%) in comparison to patients with AMR but without ETA receptor
expression in glomeruli (ETA receptor (g-); 2/13, 15%) (p = 0.009) during the first year
after biopsy.

3.3. Expression of ETA Receptors in Glomeruli in Early Biopsies

Three out of 13 patients with positive glomeruli ETA receptor expression had early
biopsies (during the first month), and the remaining 10 patients had late biopsies (beyond
the first year after transplantation) (Table 3).

Two patients with early biopsy developed acute tubular necrosis. Both also had intense
expression of ETA receptor in the tubular epithelium, described as high and assessed as
2 on the three-step scale. Both patients with acute tubular necrosis lost their transplants
during the first year after biopsy.

3.4. Expression of ETA Receptors in Glomeruli in Late Biopsies

Ten patients with ETA receptor expression in glomeruli had late biopsies (14 months—
12 years; median 4 years). Five of them (5/10, 50%) developed antibody-mediated rejection,
and all but one lost their transplant during the first year after transplantation. All ETA
receptor (g+) patients also had additional expression of ETA receptors in the tubular
epithelium and interstitium. The expression was high (assessed as 2 in the three-step scale)
in all but one patient in the tubular epithelium and in all but two patients in the interstitium
(Table 3).

In comparison, ETA receptor (g-) patients were also characterized by low ETA receptor
expression in the tubular epithelium and interstitium in late biopsies. There was no
expression in the tubular epithelium in 23/69 patients and there was no expression in the
interstitium in 46/69 patients.

3.5. AMR in Late Biopsies in Patients with and without ETA Expression in Glomeruli

A comparison of AMR development in late biopsies in patients positive and negative
for ETA receptor in glomeruli showed a significant difference. AMR appeared in late
biopsies in 5/10 (50%) ETA receptor (g+) patients, in comparison to 6/69 (8.6%) ETA
receptor (g-) patients (p = 0.0004.)

3.6. ETA Receptor Expression in the Tubular Epithelium and Interstitium in ETA Receptor (g+)
and (g-) Patients

The expression of ETA receptors in glomeruli was associated with the intensity of
expression in the tubular epithelium and interstitium (Table 6).
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Table 6. ETA receptor expression in tubular epithelium and interstitium in ETA receptor g(+) and g(-) patients.

ETA Expression ETA Expression
Three-Step Scale in Tubular Epithelium in Interstitium
atall 13 13
2: high i 11* *
ETA receptor (g+) patients 161 expression ?
(n=13) 1: mild to moderate 2% 4w
immunoreactivity
0: lack of expression 0 0
atall 98 49
2: high i 38* 17 **
ETA receptor (g-) patients 671 expression
(n =136) 1.: mild to mod.teate 60 * 30 %
immunoreactivity
0: lack of expression 38 87

* high vs. low expression p = 0.001; ** high vs. low expression p = 0.02.

In the ETA receptor (g+) group, all patients showed ETA receptor expression in
the tubular epithelium and interstitium, while in ETA receptor (g-) patients, there was
no expression in the tubular epithelium in 38/136 patients and no expression in the
interstitium in 87/136 patients. In ETA receptor (g+) patients, in comparison to ETA
receptor (g-) patients, a pathologist assessed the expression as high more often than low
(2 vs. 1 according to the three-step scale employed) in the tubular epithelium (p = 0.001)
and in the interstitium (p = 0.02).

3.7. Graft Loss in ETA Receptor (g+) Patients during the First 12 Months

Seven of the 13 (53%) ETA receptor (g+) patients lost their transplant during the first
year after biopsy, while ETA receptor (g-) patients lost their transplant in 21/136 (15.5%)
cases (p = 0.0007).

3.8. The Presence of Anti-ETAR Antibodies and DSA at the Time of Biopsy

The presence of anti-ETAR antibodies and DSA was checked at the time of biopsy.
Positive results for anti-ETAR antibodies in ETARg+ patients were diagnosed in two cases.
Four of the 13 ETARg+ patients had anti-HLA DSA.

4. Discussion

Our analysis indicated that the expression of ETA receptors in glomeruli may be
related to damage during antibody-mediated rejection. Of the patients with ETA receptors
in their glomeruli, 38.5% developed antibody-mediated rejection, compared to 9.5% of
patients without ETA receptor expression in their glomeruli (p = 0.0022). Additionally,
univariate logistic regression showed a significant impact of the presence of ETA receptors
in glomeruli on the risk of AMR (p = 0.006).

We know that injury to microcirculation plays an important role in graft dysfunction.
The presence of ETA receptor expression in glomeruli may suggest injury to this structure
with the appearance of humoral injury and premature graft loss. Our analysis showed
that significantly more patients with ETA receptor expression in their glomeruli lost their
transplants early compared to patients without such ETA receptor expression: 53% vs.
15.5% (p = 0.0007). We also know from other sources that transplant glomerulopathy is
the major cause of chronic graft dysfunction [29]. It was proved that 50% of patients with
transplant glomerulopathy had donor-specific antibodies and poor graft survival [30].
Moreover, it is well known that transplant glomerulopathy is associated with humoral
injury according to the Banff criteria [31]. Transplant glomerulopathy was first identified
in the 1980s, with characteristic features defined as mesangial and endothelial cell changes
in transplant kidney graft biopsies [32]. The key features observed in biopsy included
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duplication of the glomerular basement membrane, mesangial matrix expansion, and
glomerulitis [33].

We do know that human leukocyte antigens, and, particularly, donor-specific anti-
bodies against these antigens, play a crucial role in graft loss, but another target named
non-HLA antigens (ETA receptor or AT1R receptor) may also be associated with increased
incidence of antibody-mediated allograft rejection [34,35]. Pearl et al. underlined that
autoantibodies similar to the closely related G-protein-coupled receptor, anti-ETAR, are
strongly associated with anti-AT1R antibodies [36]. In our previous study in 2014, we
showed that anti-ETAR antibodies are associated with worse transplant function but also
with histopathological features characteristic of antibody-mediated rejection. We indicated
that anti-ETAR antibodies were connected with arteritis and vasculopathy [19]. In this anal-
ysis, we showed that the diagnosis of ETA receptor expression in glomeruli is significantly
connected with antibody-mediated rejection.

The association of rejection risk factors with the presence of ETA receptor (g+) was
checked via univariate and multivariate logistic regression analyses, and we did not notice
any influence (Table 5). Antibody-mediated rejection is the main cause of graft loss [3].
Our analysis showed that patients who developed AMR significantly more often lost
transplanted kidneys during the first year after biopsy when they developed ETA receptor
expression in their glomeruli (ETA receptor (g+); 4/5, 80%) in comparison to patients with
AMR but without ETA receptor expression (ETA receptor (g-); 2/13, 15%) (p = 0.009).

We are aware that there is still a trace of skepticism about the significance of autoanti-
bodies in transplantation outcomes; nevertheless, a role for antigenic targets other than
HLA in transplantation has been proposed [37-39]. The cause of uncertainty may be con-
nected with slow progress in understanding the mechanism of injury, characterizing targets,
developing useful detection tools, and, most of all, effective treatment [39]. However, there
are more and more reports of antibody-mediated damage and graft loss in the absence of
donor-specific HLA antibodies caused by antibodies against G-protein-coupled receptors
(GPCRs), endothelin A receptor (ETAR), and angiotensin II type 1 receptor (AT1R) that
cannot go unnoticed [40]. Lefaucheur et al. recently presented an excellent analysis of
1845 kidney transplant recipients, showing at the molecular level that the presence of
anti-AT1R antibodies with transplant antibody-mediated injuries in biopsies is associated
with increased expression of endothelial-associated transcripts (ENDATSs) [35].

There are factors, such as inflammation, infection, or ischemia-reperfusion injury,
which may affect receptor expression [39]. An inflammatory environment together with an
enlarged amount of the proinflammatory cytokine immunoglobulin 6 (IL-6) is connected
with increased AT1R expression on endothelial cells and may stimulate endothelial dys-
function [41]. Recurrent acute rejection may upregulate ATIR mRNA and, additionally,
protein expression, which was described in biopsies of heart transplant recipients [42].
Increased ETA receptor expression may cause a breakdown of endothelial cell membrane in-
tegrity [43]. Increased expression of ETA receptor due to genetic differences or from stimuli
may generate more targets to which antibodies can bind [39]. These factors may stimulate
the autoimmune pathology observed when antibody-mediated rejection is reported [39].

Nowadays, one of the main challenges is diagnostic ambiguity in patients with his-
tologic features of AMR without DSA, occurring in nearly half of cases [28]. In such
situations, we should consider non-HLA antibodies, for example, anti-ETAR or anti-AT1R
antibodies. There is certainly the question of therapeutic approaches which, in patients
with AMR, are focused on removing circulating donor-specific antibodies, blocking their
activity, and decreasing their production [44]. The identification of ETA receptor expression
as a potential target for their antibodies may stimulate graft rejection and loss. It may have
potential implications for clinical management and specific therapeutic strategies, which
may selectively block ETA receptors. Future studies should also evaluate the usefulness
of present therapies, such as plasma exchange and intravenous immunoglobulins (IVIg),
which are the standard-of-care treatment for anti-HLA AMR [44]. We should not rule out
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the potential beneficial effect of anti-ETAR antibody removal during such a procedure [45].
Potential positive effects may be obtained using receptor antagonist [46,47].

We were not able to find a correlation of positive ETARg+ staining and anti-ETAR or
DSA. However, we may not exclude the possibility that antibodies may join their receptors
during active rejection and are thus not diagnosed in the serum.

We are conscious that our analysis of ETA receptors in glomeruli is a first observation
and further analysis should be performed to confirm our findings. However, we should
highlight that the expression of ETA receptors in glomeruli may be valuable for diagnosis
and risk stratification. Antibody-mediated rejection is considered the most important
cause of graft loss. We do not have a suitable treatment; therefore, the early diagnosis and
identification of potential key antigens may be important in understanding their role in
transplant injury. The recognition of ETA antibody-mediated injury may also be valuable
for future treatment strategies to extend graft survival. There is, without doubt, a need for
further research to understand the role of endothelin receptors after renal transplantation.

5. Conclusions

Our analysis showed that the expression of ETA receptors in glomeruli seems to
be a potentially interesting feature in the diagnosis of injury during antibody-mediated
rejection. Examining ETA receptors in glomeruli in addition to the current approach for
immunologic assessment of kidney transplant recipients may help to identify patients with
increased immunological risk. Further examination of ETAR's significance is expected. The
recognition of an injury with ETA receptor in glomeruli during rejection might potentially
lead to the development of new diagnostic strategies.

Author Contributions: Conceptualization, K.N., M.B.; methodology, K.N., M.B., P.D.; formal analysis,
K.N.; investigation, K.N., PD., A.H.; resources, KN., M.B.,, KK.-K,, S.Z,, K.L.,, HA-B., A.C,; data
collection, K.N., M.B,, S.Z,, K.L.,, D.K,, OM., HAA.-B,, A.C; data analysis, KN., M.B., AT, TD.;
writing—original draft preparation, K.N., M.B.; writing—review and editing, K.N., M.B., P.D.;
visualization, P.D., K.N., M.B., KK.-K., S.Z.; supervision, M.B., M.K,; project administration, K.N.,
M.B.; funding acquisition, K.N., M.B., M.K. All authors have read and agreed to the published version
of the manuscript.

Funding: The research was financially supported by the Ministry of Health subvention according to
number STM.C160.20.155 from the IT Simple system of the Wroclaw Medical University.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Wroclaw Medical University Research Ethics Board
(KB-300/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations: : AMR: antibody-mediated rejection; ATN: acute tubular necrosis; AT1 receptor:
angiotensin II type 1 receptor; anti-AT1R antibodies: angiotensin type 1-receptor antibodies; anti-
ETAR: antibodies, endothelin A receptor antibodies; ET: endothelin; ERK: extracellular signal-
regulated kinases; ETA receptor: endothelin A receptor; ETA receptor (g+): positive expression of
endothelin A receptor in glomeruli; ETA receptor (g-): negative expression of endothelin A receptor
in glomeruli; GPCR: G-protein-coupled receptor; HLA: human leukocyte antibodies; OR: odds ratio;
PRA: panel reactive antibodies.

1.  Terasaki, PI. A personal perspective: 100-year history of the humoral theory of transplantation. Transplant. 2012, 93, 751-756.

[CrossRef] [PubMed]

2. Terasaki, P.I; Cai, ]. Humoral theory of transplantation: Further evidence. Curr. Opin. Immunol. 2005, 17, 541-545. [CrossRef]

[PubMed]

3.  Sellares, J.; de Freitas, D.G.; Mengel, M.; Reeve, J.; Einecke, G.; Sis, B.; Hidalgo, L.G.; Famulski, K.; Matas, A.; Halloran, PF.
Understanding the causes of kidney transplant failure: The dominant role of antibody-mediated rejection and nonadherence. Am.
J. Transplant. 2012, 12, 388-399. [CrossRef] [PubMed]


http://doi.org/10.1097/TP.0b013e3182483713
http://www.ncbi.nlm.nih.gov/pubmed/22453870
http://doi.org/10.1016/j.coi.2005.07.018
http://www.ncbi.nlm.nih.gov/pubmed/16098722
http://doi.org/10.1111/j.1600-6143.2011.03840.x
http://www.ncbi.nlm.nih.gov/pubmed/22081892

J. Clin. Med. 2021, 10, 422 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Tait, B.D.; Susal, C.; Gebel, HM.; Nickerson, PW.; Zachary, A.A.; Claas, FH.; Reed, E.F,; Bray, R.A.; Campbell, P.; Chapman, J.R.;
et al. Consensus guidelines on the testing and clinical management issues associated with HLA and Non-HLA antibodies in
transplantation. Transplantation 2013, 95, 19-47. [CrossRef] [PubMed]

Banasik, M.; Boratynska, M.; Nowakowska, B.; Halon, A.; Koscielska-Kasprzak, K.; Drulis-Fajdasz, D.; Weyde, W.; Patrzatek,
D.; Klinger, M. Variability in donor-specific alloantibody production after transplantation. Transplant. Proc. 2007, 39, 2715-2717.
[CrossRef] [PubMed]

Banasik, M.; Boratynska, M.; Nowakowska, B.; Halon, A.; Koscielska-Kasprzak, K.; Drulis-Fajdasz, D.; Patrzatek, D.; Weyde, W.;
Klinger, M. C4D deposition and positive posttransplant crossmatch are not necessarily markers of antibody-mediated rejection in
renal allograft recipients. Transplant. Proc. 2007, 39, 2718-2720. [CrossRef]

Klinger, M.; Banasik, M. Immunological characteristics of the elderly allograft recipient. Transplant. Rev. (Orlando) 2015, 29,
219-223. [CrossRef]

Crespo, M.; Torio, A.; Mas, V.; Redondo, D.; Perez-Saez, M.].; Mir, M.; Faura, A.; Guerra, R.; Montes-Ares, O.; Checa, M.D; et al.
Clinical relevance of pretransplant anti-HLA donor-specific antibodies: Does C1q-fixation matter? Transpl. Immunol. 2013, 29,
28-33. [CrossRef]

Jordan, S5.C. Immune response to non-HLA antigens and renal allograft loss. Lancet 2019, 393, 854-856. [CrossRef]

Farouk, S.; Zhang, Z.; Menon, M.C. Non-HLA donor-recipient mismatches in kidney transplantation-A stone left unturned. Am.
J. Transplant. 2020, 20, 19-24. [CrossRef]

Banasik, M.; Boratynska, M.; Koscielska-Kasprzak, K.; Kaminska, D.; Bartoszek, D.; Zabinska, M.; Myszka, M.; Zmonarski, S.;
Protasiewicz, M.; Nowakowska, B.; et al. The influence of non-HLA antibodies directed against angiotensin II type 1 receptor
(AT1R) on early renal transplant outcomes. Transpl. Int. 2014, 27, 1029-1038. [CrossRef] [PubMed]

Banasik, M.; Boratynska, M.; Koscielska-Kasprzak, K.; Kaminska, D.; Zmonarski, S.; Mazanowska, O.; Krajewska, M.; Bartoszek,
D.; Zabinska, M.; Myszka, M.; et al. Non-HLA antibodies: Angiotensin II type 1 receptor (anti-AT1R) and endothelin-1 type A
receptor (anti-ETAR) are associated with renal allograft injury and graft loss. Transplant. Proc. 2014, 46, 2618-2621. [CrossRef]
[PubMed]

Yanagisawa, M.; Kurihara, H.; Kimura, S.; Tomobe, Y.; Kobayashi, M.; Mitsui, Y.; Yazaki, Y.; Goto, K.; Masaki, T. A novel potent
vasoconstrictor peptide produced by vascular endothelial cells. Nature 1988, 332, 411-415. [CrossRef] [PubMed]

Inoue, A.; Yanagisawa, M.; Kimura, S.; Kasuya, Y.; Miyauchi, T.; Goto, K.; Masaki, T. The human endothelin family: Three
structurally and pharmacologically distinct isopeptides predicted by three separate genes. Proc. Natl. Acad. Sci. USA 1989, 86,
2863-2867. [CrossRef] [PubMed]

Egido, J.; Rojas-Rivera, J.; Mas, S.; Ruiz-Ortega, M.; Sanz, A.B.; Gonzalez Parra, E.; Gomez-Guerrero, C. Atrasentan for the
treatment of diabetic nephropathy. Expert Opin. Investig. Drugs 2017, 26, 741-750. [CrossRef]

Nambi, P,; Pullen, M.; Wu, H.L.; Aiyar, N.; Ohlstein, E.H.; Edwards, R.M. Identification of endothelin receptor subtypes in human
renal cortex and medulla using subtype-selective ligands. Endocrinology 1992, 131, 1081-1086. [CrossRef]

Guan, Z.; VanBeusecum, J.P; Inscho, E.W. Endothelin and the renal microcirculation. Semin. Nephrol. 2015, 35, 145-155. [CrossRef]
Wendel, M.; Knels, L.; Kummer, W.; Koch, T. Distribution of endothelin receptor subtypes ETA and ETB in the rat kidney. J.
Histochem. Cytochem. 2006, 54, 1193-1203. [CrossRef]

Banasik, M.; Boratynska, M.; Koscielska-Kasprzak, K.; Krajewska, M.; Mazanowska, O.; Kaminska, D.; Bartoszek, D.; Zabinska,
M.; Myszka, M.; Nowakowska, B.; et al. The impact of non-HLA antibodies directed against endothelin-1 type A receptors
(ETAR) on early renal transplant outcomes. Transpl. Immunol. 2014, 30, 24-29. [CrossRef]

Nowariska, K.; Donizy, P.; Koscielska-Kasprzak, K.; Kamiriska, D.; Krajewska, M.; Mazanowska, O.; Madziarska, K.; Zmonarski,
S.; Chudoba, P.; Matkiewicz, B.; et al. Endothelin A Receptors Expressed in Renal Blood Vessels of Renal Transplant Patients Are
Connected With Acute Tubular Necrosis or Antibody-Mediated Rejection. Transplant. Proc. 2018, 50, 1760-1764. [CrossRef]
Dragun, D.; Hegner, B. Non-HLA antibodies post-transplantation: Clinical relevance and treatment in solid organ transplantation.
Contrib. Nephrol. 2009, 162, 129-139. [CrossRef] [PubMed]

Dragun, D.; Catar, R.; Philippe, A. Non-HLA antibodies in solid organ transplantation: Recent concepts and clinical relevance.
Curr. Opin. Organ. Transplant. 2013, 18, 430-435. [CrossRef] [PubMed]

Cozzi, E.; Calabrese, F.; Schiavon, M.; Feltracco, P.; Seveso, M.; Carollo, C.; Loy, M.; Cardillo, M.; Rea, F. Immediate and
Catastrophic Antibody-Mediated Rejection in a Lung Transplant Recipient With Anti-Angiotensin II Receptor Type 1 and
Anti-Endothelin-1 Receptor Type A Antibodies. Am. J. Transplant. 2017, 17, 557-564. [CrossRef] [PubMed]

Hiemann, N.E.; Meyer, R.; Wellnhofer, E.; Schoenemann, C.; Heidecke, H.; Lachmann, N.; Hetzer, R.; Dragun, D. Non-HLA
antibodies targeting vascular receptors enhance alloimmune response and microvasculopathy after heart transplantation.
Transplantation 2012, 94, 919-924. [CrossRef]

Banasik, M.; Boratynska, M.; Koscielska-Kasprzak, K.; Mazanowska, O.; Bartoszek, D.; Zabinska, M.; Myszka, M.; Nowakowska,
B.; Halon, A.; Szyber, P; et al. Long-term follow-up of non-HLA and anti-HLA antibodies: Incidence and importance in renal
transplantation. Transplant. Proc. 2013, 45, 1462-1465. [CrossRef]

Banasik, M.; Jablecki, J.; Boratynska, M.; Kaminska, D.; Koscielska-Kasprzak, K.; Bartoszek, D.; Chelmonski, A.; Halon, A.; Baran,
W.; Klinger, M. Humoral immunity in hand transplantation: Anti-HLA and non-HLA response. Hum. Immunol. 2014, 75, 859-862.
[CrossRef]


http://doi.org/10.1097/TP.0b013e31827a19cc
http://www.ncbi.nlm.nih.gov/pubmed/23238534
http://doi.org/10.1016/j.transproceed.2007.08.054
http://www.ncbi.nlm.nih.gov/pubmed/18021966
http://doi.org/10.1016/j.transproceed.2007.08.064
http://doi.org/10.1016/j.trre.2015.07.002
http://doi.org/10.1016/j.trim.2013.07.002
http://doi.org/10.1016/S0140-6736(18)33186-6
http://doi.org/10.1111/ajt.15612
http://doi.org/10.1111/tri.12371
http://www.ncbi.nlm.nih.gov/pubmed/24909812
http://doi.org/10.1016/j.transproceed.2014.09.029
http://www.ncbi.nlm.nih.gov/pubmed/25380879
http://doi.org/10.1038/332411a0
http://www.ncbi.nlm.nih.gov/pubmed/2451132
http://doi.org/10.1073/pnas.86.8.2863
http://www.ncbi.nlm.nih.gov/pubmed/2649896
http://doi.org/10.1080/13543784.2017.1325872
http://doi.org/10.1210/endo.131.3.1324149
http://doi.org/10.1016/j.semnephrol.2015.02.004
http://doi.org/10.1369/jhc.5A6888.2006
http://doi.org/10.1016/j.trim.2013.10.007
http://doi.org/10.1016/j.transproceed.2018.05.001
http://doi.org/10.1159/000170845
http://www.ncbi.nlm.nih.gov/pubmed/19001820
http://doi.org/10.1097/MOT.0b013e3283636e55
http://www.ncbi.nlm.nih.gov/pubmed/23838648
http://doi.org/10.1111/ajt.14053
http://www.ncbi.nlm.nih.gov/pubmed/27640901
http://doi.org/10.1097/TP.0b013e3182692ad2
http://doi.org/10.1016/j.transproceed.2012.11.025
http://doi.org/10.1016/j.humimm.2014.06.010

J. Clin. Med. 2021, 10, 422 11 of 11

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.
40.

41.

42.

43.

44.

45.

46.

47.

de Kort, H.; Willicombe, M.; Brookes, P.; Dominy, K.M.; Santos-Nunez, E.; Galliford, ] W.; Chan, K.; Taube, D.; McLean, A.G.;
Cook, H.T.; et al. Microcirculation inflammation associates with outcome in renal transplant patients with de novo donor-specific
antibodies. Am. |. Transplant. 2013, 13, 485-492. [CrossRef]

Schinstock, C.A.; Sapir-Pichhadze, R.; Naesens, M.; Batal, I.; Bagnasco, S.; Bow, L.; Campbell, P.; Clahsen-van Groningen, M.C.;
Cooper, M.; Cozzi, E.; et al. Banff survey on antibody-mediated rejection clinical practices in kidney transplantation: Diagnostic
misinterpretation has potential therapeutic implications. Am. . Transplant. 2019, 19, 123-131. [CrossRef]

Hanf, W.; Bonder, C.S.; Coates, PT.H. Transplant glomerulopathy: The interaction of HLA antibodies and endothelium. J.
Immunol. Res. 2014, 2014, 549315. [CrossRef]

Eng, H.S.; Bennett, G.; Chang, S.H.; Dent, H.; McDonald, S.P.; Bardy, P.; Coghlan, P.; Russ, G.R.; Coates, P.T. Donor human
leukocyte antigen specific antibodies predict development and define prognosis in transplant glomerulopathy. Hum. Immunol.
2011, 72, 386-391. [CrossRef]

Racusen, L.C.; Colvin, R.B.; Solez, K.; Mihatsch, M.].; Halloran, P.E.; Campbell, PM.; Cecka, M.].; Cosyns, ].P.; Demetris, A.J.;
Fishbein, M.C.; et al. Antibody-mediated rejection criteria-an addition to the Banff 97 classification of renal allograft rejection.
Am. ]. Transplant. 2003, 3, 708-714. [CrossRef] [PubMed]

Hsu, H.C.; Suzuki, Y.; Churg, J.; Grishman, E. Ultrastructure of transplant glomerulopathy. Histopathology 1980, 4, 351-367.
[CrossRef] [PubMed]

Haas, M.; Mirocha, J. Early ultrastructural changes in renal allografts: Correlation with antibody-mediated rejection and transplant
glomerulopathy. Am. J. Transplant. 2011, 11, 2123-2131. [CrossRef] [PubMed]

Dragun, D.; Catar, R.; Kusch, A.; Heidecke, H.; Philippe, A. Non-HLA-antibodies targeting Angiotensin type 1 receptor and
antibody mediated rejection. Hum. Immunol. 2012. [CrossRef] [PubMed]

Lefaucheur, C.; Viglietti, D.; Bouatou, Y.; Philippe, A.; Pievani, D.; Aubert, O.; Duong Van Huyen, ]J.P,; Taupin, J.L.; Glotz,
D.; Legendre, C.; et al. Non-HLA agonistic anti-angiotensin II type 1 receptor antibodies induce a distinctive phenotype of
antibody-mediated rejection in kidney transplant recipients. Kidney Int. 2019, 96, 189-201. [CrossRef]

Pearl, M.H.; Chen, L.; ElChaki, R.; Elashoff, D.; Gjertson, D.W.; Rossetti, M.; Weng, P.L.; Zhang, Q.; Reed, E.E.; Chambers, E.T.
Endothelin Type A Receptor Antibodies Are Associated With Angiotensin II Type 1 Receptor Antibodies, Vascular Inflammation,
and Decline in Renal Function in Pediatric Kidney Transplantation. Kidney Int. Rep. 2020, 5, 1925-1936. [CrossRef]

Joosten, S.A.; van Kooten, C. Non-HLA humoral immunity and chronic kidney-graft loss. Lancet 2005, 365, 1522-1523. [CrossRef]
Opelz, G. Non-HLA transplantation immunity revealed by lymphocytotoxic antibodies. Lancet 2005, 365, 1570-1576. [CrossRef]
Philogene, M.C.; Johnson, T.; Vaught, A.].; Zakaria, S.; Fedarko, N. Antibodies against Angiotensin II Type 1 and Endothelin A
Receptors: Relevance and pathogenicity. Hum. Immunol. 2019, 80, 561-567. [CrossRef]

Dragun, D.; Catar, R.; Philippe, A. Non-HLA antibodies against endothelial targets bridging allo- and autoimmunity. Kidney Int.
2016, 90, 280-288. [CrossRef]

Wassmann, S.; Stumpf, M.; Strehlow, K.; Schmid, A.; Schieffer, B.; Bchm, M.; Nickenig, G. Interleukin-6 induces oxidative stress
and endothelial dysfunction by overexpression of the angiotensin II type 1 receptor. Circ. Res. 2004, 94, 534-541. [CrossRef]
[PubMed]

Yamani, M.H.; Cook, D.J.; Rodriguez, E.R.; Thomas, D.M.; Gupta, S.; Alster, J.; Taylor, D.O.; Hobbs, R.; Young, ].B.; Smedira, N.;
et al. Increased expression of angiotensin II type 1 receptor (AGTR1) in heart transplant recipients with recurrent rejection. J.
Heart Lung Transplant. 2006, 25, 1283-1289. [CrossRef] [PubMed]

Sek, A.C.; Xie, Z.; Terai, K.; Long, L.M.; Nelson, C.; Dudek, A.Z.; Druey, K.M. Endothelial Expression of Endothelin Receptor A in
the Systemic Capillary Leak Syndrome. PLoS ONE 2015, 10, e0133266. [CrossRef]

Montgomery, R.A.; Loupy, A.; Segev, D.L. Antibody-mediated rejection: New approaches in prevention and management. Am. J.
Transplant. 2018, 18 (Suppl. 3), 3-17. [CrossRef] [PubMed]

Dragun, D.; Philippe, A.; Catar, R. Role of non-HLA antibodies in organ transplantation. Curr. Opin. Organ. Transplant. 2012, 17,
440-445. [CrossRef] [PubMed]

Trachtman, H.; Nelson, P.; Adler, S.; Campbell, K.N.; Chaudhuri, A.; Derebail, VK.; Gambaro, G.; Gesualdo, L.; Gipson, D.S.;
Hogan, J.; et al. DUET: A Phase 2 Study Evaluating the Efficacy and Safety of Sparsentan in Patients with FSGS. J. Am. Soc.
Nephrol. 2018, 29, 2745-2754. [CrossRef]

De Miguel, C.; Hamrick, W.C.; Hobbs, J.L.; Pollock, D.M.; Carmines, P.K.; Pollock, J.S. Endothelin receptor-specific control of
endoplasmic reticulum stress and apoptosis in the kidney. Sci. Rep. 2017, 7, 43152. [CrossRef]


http://doi.org/10.1111/j.1600-6143.2012.04325.x
http://doi.org/10.1111/ajt.14979
http://doi.org/10.1155/2014/549315
http://doi.org/10.1016/j.humimm.2011.02.002
http://doi.org/10.1034/j.1600-6143.2003.00072.x
http://www.ncbi.nlm.nih.gov/pubmed/12780562
http://doi.org/10.1111/j.1365-2559.1980.tb02931.x
http://www.ncbi.nlm.nih.gov/pubmed/7000658
http://doi.org/10.1111/j.1600-6143.2011.03647.x
http://www.ncbi.nlm.nih.gov/pubmed/21827618
http://doi.org/10.1016/j.humimm.2012.07.010
http://www.ncbi.nlm.nih.gov/pubmed/22819838
http://doi.org/10.1016/j.kint.2019.01.030
http://doi.org/10.1016/j.ekir.2020.09.004
http://doi.org/10.1016/S0140-6736(05)66434-3
http://doi.org/10.1016/S0140-6736(05)66458-6
http://doi.org/10.1016/j.humimm.2019.04.012
http://doi.org/10.1016/j.kint.2016.03.019
http://doi.org/10.1161/01.RES.0000115557.25127.8D
http://www.ncbi.nlm.nih.gov/pubmed/14699015
http://doi.org/10.1016/j.healun.2006.09.012
http://www.ncbi.nlm.nih.gov/pubmed/17097490
http://doi.org/10.1371/journal.pone.0133266
http://doi.org/10.1111/ajt.14584
http://www.ncbi.nlm.nih.gov/pubmed/29292861
http://doi.org/10.1097/MOT.0b013e328355f12b
http://www.ncbi.nlm.nih.gov/pubmed/22790079
http://doi.org/10.1681/ASN.2018010091
http://doi.org/10.1038/srep43152

	Introduction 
	Methods 
	Patients and Sample Collection 
	Histopathology 
	Characteristics of Patients 
	Data Analysis 

	Results 
	ETA Receptors in Glomeruli and Antibody-Mediated Rejection 
	Graft Loss with AMR in ETA Receptor (g+) and ETA Receptor (g-) Patients 
	Expression of ETA Receptors in Glomeruli in Early Biopsies 
	Expression of ETA Receptors in Glomeruli in Late Biopsies 
	AMR in Late Biopsies in Patients with and without ETA Expression in Glomeruli 
	ETA Receptor Expression in the Tubular Epithelium and Interstitium in ETA Receptor (g+) and (g-) Patients 
	Graft Loss in ETA Receptor (g+) Patients during the First 12 Months 
	The Presence of Anti-ETAR Antibodies and DSA at the Time of Biopsy 

	Discussion 
	Conclusions 
	References

