
 

 

 University of Groningen

Performance-enhancing strategies for deceased donor kidneys
van Rijt, Geert

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2014

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van Rijt, G. (2014). Performance-enhancing strategies for deceased donor kidneys. [Thesis fully internal
(DIV), University of Groningen]. [S.n.].

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/42cac5b2-44e7-4a50-8891-ada4f96e709d


8
Transgenic knock-out of the erythropoietin receptor 
does not affect renal ischemia/reperfusion injury

Willem G van Rijt
Zwanida J Veldhuis
Rutger J Ploeg
Harry van Goor
Henri G D Leuvenink



126

Chapter 8

Abstract

Introduction
Erythropoietin (EPO) presumably mediates cytoprotection via a heteromeric receptor 
complex (EPOR2-βCR2) consisting of two EPO receptors (EPOR) and two β common 
receptors (βCR). In this study, we investigated the role of the EPOR in renal ischemia/
reperfusion injury. Furthermore, the protective capacities of the non-erythropoietic EPO 
derivative, ARA290, were tested.

Materials & Methods
Transgenic EPOR-/- mice (n=32) and wild type (WT) mice (n=32) were subjected to 35 
minutes of bilateral renal ischemia. Animals were randomized and treated with saline 
or ARA290 after reperfusion. Animals were sacrificed after one or three days. Renal 
function, plasma markers of cellular injury and cortical necrosis were determined.

Results
Following ischemia/reperfusion, renal function in transgenic EPOR-/- mice was 
comparable to WT mice. No difference in extent of cortical necrosis was observed 
between transgenic EPOR-/- and WT mice. ARA290 treatment did not affect renal 
function, plasma markers of cellular injury or cortical necrosis in WT- or transgenic 
EPOR-/- mice after renal ischemia/reperfusion injury.

Discussion
In this ischemia/reperfusion model,  absence of the erythropoietin receptor does 
not affect renal function or structural injury. Furthermore, no protective capacities of 
ARA290 were observed in WT mice. Consequently, the need of EPOR for protective 
ARA290 treatment could not be determined.
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Introduction

Erythropoietin (EPO) is proposed as treatment to reduce ischemia/reperfusion injury 
after renal transplantation. However, the cytoprotective pathways of EPO are not yet 
fully elucidated. The classical EPOR2 receptor complex regulates erythropoiesis, while 
protection is mediated by binding to the EPOR2-βCR2 complex, consisting of the EPO 
receptor (EPOR) and the β common receptor (βCR)1. However, cytoprotection is only 
induced using high systemic doses compared to the doses required for stimulation 
of erythropoiesis. This can be explained by lower binding affinities of protective 
receptor complexes, causing the increased risk of adverse events by protective EPO 
treatment2. To overcome unwanted stimulation of erythropoiesis, non-erythropoietic 
EPO derivatives, like CEPO and ARA290, have been developed3,4. CEPO is not able to 
bind the classic EPOR2 complex due to its carbamyl group, while ARA290 is derived 
from the binding site of EPO to the protective EPOR2-βCR2 complex3,4. These derivatives 
improve renal function, reduce inflammation and attenuate structural injury in models 
of renal ischemia/reperfusion4–10. So, substances like CEPO and ARA290 may induce 
cytoprotection without increasing risk of cardiovascular adverse events. 

Recent data suggest the involvement of a third receptor complex, βCR-VEGFR2, in 
EPO-mediated cytoprotection11. This finding further questions the role of the different 
receptor complexes. Renal I/R studies with βCR knock-out mice showed that EPO-
mediated protection is dependent on this receptor12,13. In cardiac I/R, EPO was still 
protective in absence of the EPOR14. The role of the EPOR in acute renal injury is 
therefore debatable. To be able to fully utilize EPO-mediated cytoprotection, further 
knowledge of its protective receptor complexes is essential.

In this study, we therefore investigated the role of the EPOR in renal I/R and potential 
protection by ARA290, as it is suggested that EPO can be protective in the absence of 
the EPO receptor. We hypothesized that transgenic EPOR-/- mice are more prone to 
renal I/R than wild-type (WT) mice. Furthermore, we expect ARA290 induced protection 
against renal I/R in EPOR-/- mice will be compromised compared to ARA290 treatment 
in WT mice. To investigate these hypotheses, WT and transgenic EPOR-/- were subjected 
to renal I/R. Next, renal function and cortical necrosis were studied.
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Materials & Methods

Animals
Transgenic-rescued EPOR-null mutant mice (EPOR-/-) were used because complete 
EPOR knock-out is lethal due to ineffective erythropoiesis15. The EPOR is only expressed 
by erythroid cells in these transgenic EPOR-/- mice. The genetic background of the 
transgenic EPOR-/- mice is C57Bl/6J. C57Bl/6J mice were therefore used as wild-
type (WT) controls. Both WT- and transgenic EPOR-/- mice were bred and housed at 
the central animal facility of the University Medical Center Groningen. The mice were 
housed individually with free access to water and chow. The animal experiments were 
approved by the animal ethics committee of the university of Groningen (DEC-RuG, 
6195A, Groningen, the Netherlands). The experiments were performed according to 
international and Dutch guidelines of animal research.

ARA290
ARA290 (ARAIM Pharmaceuticals, Ossining, USA) is a small synthetic peptide consisting 
of eleven amino acids. It has been derived from the binding site of EPO to the protective 
EPOR2-βcR2 complex and it does not bind to the classical EPOR2 complex. The plasma 
half-life is approximately two minutes.

Study design
This experiment was divided into two parts: 24- and 72 hours follow-up respectively. 
Each part consisted of two wild-type and two transgenic EPOR knock-out groups (Table 
1). Animals were treated at 1 minute and 6 hours post-reperfusion, based on earlier I/R 
experiments in mice. The used concentration of ARA290 was 10 nmol/kg (10 nmol/
kg = 12.58 ug/kg) and saline (0.9%) served as vehicle treatment. Both ARA290 and 
saline were injected intraperitoneally. A bilateral I/R model was used to determine the 
effectiveness of ARA290. The warm ischemic time was 35 minutes and the rats were 
sacrificed either 24- or 72 hours post-reperfusion. One mouse was excluded because of 
a surgical complication.
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Surgical procedure
Animals were anesthesized using 4% isoflurane and subsequently 2% isoflurane 
was used for continuous anesthesia. Once the abdomen was opened, bilateral renal 
ischemia of 35 minutes was performed by clamping the vena and arteria renalis with 
non-traumatic clamps. As an analgesic, buprenorfine was used (per-operative: 0.1 mg/
kg). After either 24- or 72 hours, blood samples were collected under anaesthesia. After 
this, the animals were sacrificed by exsanguination. Kidneys were flushed via the aorta 
with 4 ml 0.9% NaCl at 4°C prior to removal.

Samples
Blood samples were stored at −80°C and plasma parameters were measured by 
the clinical laboratory center of the University Medical Center Groningen. For the 
morphology, a midcornal part of the kidney was fixed in 4% formalin and embedded in 
paraffin.

Renal morphology
Kidney sections were cut (4-μm) and the morphology was evaluated by periodic acid-
Schiff (PAS) staining. Sections were scanned using APERIO scanscope (Aperio, Vista, 
United States) and subsequently the extent of cortical necrosis was calculated using 
APERIO image scope software.

Statistical analyses
All data are presented as median ± interquartile range. The Mann Whitney U test 
was used to analyze the data. All groups were compared to controls. A p<0.05 was 
considered significant.

Table 1 - Study design

Group Treatment Follow-up Number of 
animals

WT – Vehicle Saline 24 hours 8

WT – ARA290 10 nmol/kg ARA 290 24 hours 8

EPOR-/-  – Vehicle Saline 24 hours 8

EPOR-/- – ARA290 10 nmol/kg ARA290 24 hours 8

WT – Vehicle Saline 72 hours 8

WT – ARA290 10 nmol/kg ARA290 72 hours 7

EPOR-/-  – Vehicle Saline 72 hours 8

EPOR-/- – ARA290 10 nmol/kg ARA 290 72 hours 8
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Results

Clinical parameters after 24 hours reperfusion
After 24 hours of reperfusion, the median of creatinine levels of vehicle treated WT 
mice was 75 µmol/l. Transgenic EPOR-/- did not affect plasma creatinine or urea levels 
compared to controls. Nor were plasma creatinine or urea levels reduced by ARA290 
treatment in WT or EPOR-/- mice (Figure 1A and 1B). Similar results were observed for 
LDH or ASAT levels (Figure 2A and 2B). Transgenic EPOR knock-out or ARA290 did not 
affect these plasma parameters of cellular injury.

Figure 1 – Plasma markers of renal function. Plasma creatinine (A) and urea (B) levels were not 
affected by EPOR-/- or ARA290. 

Figure 2 – Plasma parameters of cellular injury. Plasma LDH (A) and ASAT (B) levels were not affected 
by EPOR-/- or ARA290. 
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Figure 3 – Cortical necrosis. An overview of the quantification of renal necrosis is shown in figure A, 
while figure B shows a close-up. EPOR-/- or ARA290 did not affect the extent of structural injury (C).

Cortical necrosis after 24 hours reperfusion
The percentage of cortical necrosis was quantified using Aperio Imagescope software 
(Figure 3A and 3B). Necrosis was mainly observed in the cortico-medullary region. 
At 1 day post-reperfusion, 10 percent of the cortical medular region was necrotic in 
vehicle treated WT mice. EPOR-/- or ARA290 treatment did not affect the percentage of 
necrosis ( Figure 3C).

A

B

C
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Clinical parameters after 72 hours reperfusion
After 72 hours of reperfusion, the median of creatinine levels of vehicle treated WT 
mice was 25 µmol/l. Transgenic EPOR-/- did not affect plasma creatinine or urea levels 
compared to controls. Nor were plasma creatinine or urea levels reduced by ARA290 
treatment in WT or EPOR-/- mice (Figure 4A and 4B). Comparable results were observed 
for LDH or ASAT levels (Figure 5A and 5B). Transgenic EPOR knock-out or ARA290 did 
not affect these plasma parameters of cellular injury.

Figure 4 – Plasma markers of renal function. Plasma creatinine (Figure 4A) and urea (Figure 4B) levels 
were not affected by EPOR-/- or ARA290. 

Figure 5 – Plasma parameters of cellular injury. Plasma LDH (Figure 5A) and ASAT (Figure 5B) levels 
were not affected by EPOR-/- or ARA290.
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Discussion

This study was designed to reveal the role of the EPOR in renal I/R. Secondarily, we 
investigated the alleged protective effect of ARA290 in WT and transgenic EPOR-/- 
mice. At one- and three days following renal I/R, clinical markers of renal function and 
cellular injury were not different in EPOR-/- compared to WT mice. Also, the extent of 
cortico-medullary necrosis after 24 hours post-reperfusion was equal in EPOR-/- and WT 
mice. This suggests that the role of the EPOR in endogenous cytoprotection is limited in 
these conditions. Furthermore, ARA290 was not renoprotective in WT mice subjected 
to 35 minutes of bilateral I/R.

The finding that transgenic knock-out of the EPOR did not affect renal I/R injury is in 
line with the results of Teng et al14. In a model of cardiac I/R, the endogenous role of 
the EPOR was investigated in WT mice,  the transgenic EPOR-/- mice expressing the 
EPOR in erythroid cells only, and the EPOR knock-out mice expressing the EPOR in 
hematopoietic- and endothelial cells. No differences in myocardial injury between WT 
and these two types of EPOR knock-out mice were observed after five months14. 

Teng et al. also investigated the role of the EPOR in EPO mediated cardioprotection 
against I/R14. EPO treatment was still cytoprotective against cardiac I/R injury in the 
EPOR knock-out mice expressing the EPOR in hematopoietic- and endothelial cells. 
Unfortunately, the effect of EPO treatment following cardiac I/R was not evaluated in 
both types of EPOR knock-out mice. This proposed experiment may demonstrate that 
endothelial expression of EPOR is required for EPO mediated cytoprotection against 
I/R.

We speculate that endothelial activation is inevitable for EPO mediated cytoprotection, 
because absence of endothelial nitric oxide synthase (eNOS) prevents renoprotection 
by EPO16. Besides, activation of eNOS is partly mediated by the βCR since eNOS is 
not phosphorylated in βCR knock-out models11, 12. These experiments clearly show the 
importance of the βCR in EPO mediated cytoprotection. However, the βCR has to form 
a complex with the EPOR or VEGFR2 to be bound by EPO. The precise structure and 
function of these complexes have not been fully elucidated yet. 

In this study ARA290 treatment after renal I/R was not renoprotective in WT mice. 
This is in contrast with an earlier study in which ARA290 was protective against renal 
I/R in C57Bl/6J mice3. ARA290 is derived from the binding site of EPO to the EPOR2-
βCR2 complex and has shown its protective capacities in several models3,8–10,17–19. 
Consequently, this is highly suggestive for a role of the EPOR in ARA290 mediated 
cytoprotection. However, this study defaulted to demonstrate this suggestion as ARA290 
treatment was not renoprotective in WT mice. Therefore, no conclusions concerning the 
role of the EPOR in ARA290 mediated renoprotection can be drawn.
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An important draw back of this study is the limited renal injury induced by 35 minutes 
of bilateral warm ischemia in our model. Only ten percent of cortico-medullary necrosis 
was found 24 hours post-reperfusion. Plasma creatinine increased to 75 µmol/l, while 
in healthy mice plasma creatinine is approximately 15 µmol/l, indicating that some 
dysfunction was present. Next to the small increase in plasma creatinine, variation 
within all groups was large. We have no explanation for this since all experiments were 
performed according to a standardized protocol. 

To conclude, lacking the EPO receptor does not increase renal injury following I/R, as 
measured by renal function and necrosis. Unfortunately, based on this study, it cannot 
be concluded whether the EPOR is required for cytoprotective ARA290 treatment due 
to the mentioned limitations of this study. Performing this experiment again with 
extended warm ischemia and adding EPO as a tertiary treatment group may elucidate 
the role of the EPOR in EPO mediated cytoprotection following renal I/R. Thus, further 
research should focus on the EPOR, but also the βCR and VEGFR2, as we opine a pivotal 
role of endothelial activation in EPO mediated protection. This may eventually result in 
development of more specific and effective non-erythropoietic EPO derivatives.
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