ISSN 2380-0445

()penventio

PUBLISHERS

NEPHROLOGY

http://dx.doi.org/10.17140/NPOJ-1-e004

Editorial

"Corresponding author

Florian Simon, PD Dr. med
Department of Vascular and
Endovascular Surgery
Heinrich-Heine-University of Diisseldorf
Moorenstr. 5 D-40225 Disseldorf
Germany

Tel. 49 211 81 7168

Fax: 49 211 81 19091

E-mail: florian.simon@med.uni-duesseldorf.de

Volume 1 : Issue 3
Article Ref. #: 1000NPOJ1e004

Article History

Received: February 4", 2016
Accepted: February 4™, 2016
Published: February 4™, 2016

Citation

Simon F, Schelzig H, Oberhuber
A. Kidney ischemia and reperfu-
sion injury — field of glory or wart-
erloo for erythropoietin? Nephrol
Open J. 2016; 1(3): e9-e12.
doi: 10.17140/NPOJ-1-e004

Copyright

©2016 Simon F. This is an open
access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
which permits unrestricted use,
distribution, and reproduction in
any medium, provided the original
work is properly cited.

Nephrol Open J

Open Journal

Kidney Ischemia and Reperfusion
Injury — Field of Glory or Warterloo for
Erythropoieting

Florian Simon’, Hubert Schelzig and Alexander Oberhuber

Department of Vascular and Endovascular Surgery, Heinrich-Heine-University of Diisseldorf,
Germany

KEYWORDS: Ischemia; Reperfusion; Hypoxia; Kidney; Animal model; Erythropoietin.

When asking clinicians about their knowledge about Erythropoietin (EPO) most of
them would say that it increases Red Blood Cell (RBC) count and can therefore be used to
treat anemia, is produced in the kidneys and can be misused as doping agent in sports. The
way to reach this today’s common knowledge was long and hard. In the year 1667 by giving a
lambs blood to an anemic patient and the lucky outcome that the patient felt better afterwards,
it became clear that blood could heal.! Over two centuries later in a rabbit experimental set-up
where plasma was transduced between an anemic and a healthy animal it could be seen that
the red blood cell count increased in the anemic one. This gave birth to the thesis that a hu-
meral factor is responsible and was named hemopoietin.> Seventy years later this mysterious
substance was found by Goldwasser in patients” urine® and was later on cloned by a colleague
of him* what marked the beginning of EPOs therapeutic career in treating anemia that lasts on
until today.

But meanwhile it became clear that there is more to EPO than just to increase red blood
cell count. It was found that it also has antiapoptotic, antioxidative and angiogenetic effects
that can be used to avoid and treat tissue damage in general.>® This is possible, because of the
widespread distribution of the EPO receptor that can mediate non-hematopoietic effects.” This
is also true for renal tissue where the EPO receptor can be found in the cortex, medulla, papilla,
mesangial proximal tubular and medullary collecting duct cells.® This means that the kidney
tissue might also profit from the antiapoptotic effect of EPO when the kidney is confronted with
an Ischemia and Reperfusion (I/R) injury. This scenario might appear during kidney transplan-
tation or during aortic cross clamping as used in aneurysm repair surgery. And indeed experi-
mental data suggest that EPO might protect kidneys in varying species when facing ischemia
and reperfusion. In a rat model the animals were subjected to renal ischemia for 45 minutes and
received EPO prior to I/R. The renal dysfunction and injury was measured by serum biochemi-
cal markers and after death of the animals by histologic evaluation using TUNEL assay and
morphological criteria. The authors found that the EPO group had significantly lower serum
creatinine levels and that morphological changes of the renal tissue especially of the tubular
cells was much less than in the placebo group. Also apoptotic markers like BAX were reduced
and the TUNEL assay showed only some positive cells.” This effect of renal tissue protection
by EPO application was also seen in other rodent models.''? Not only small animal models,
but also experimental set-up with large animals that are much closer to clinical reality showed
these positive effects. Maio et al.'* demonstrated that organs obtained subsequent to cardiac
death, but treated with EPO, showed improved organ function compared to organs without spe-
cial treatment. In this context the kidneys were challenged with 30 minutes of warm ischemia
and then transplanted after 24 hours of cold storage. Four hours after transplantation organ
function was asset and showed significantly attenuated renal/glomerular dysfunction as well
as an improved tubular function of the kidneys measured by N-acetyl-beta-D-glucosaminidase
(NAG), Aspartate aminotransferase (AST), Glutathione S-transferase (GST), urea and
fractional excretion of sodium. Along with improved parameters of inflammation, oxidative
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stress etc. histologic evaluation showed explicit a reduction of the severe acute tubular damage including nuclear condensation,
loss of nuclei, cytoplasmic swelling and cellular debris in the tubular lumen."* Other working groups could also prove these positive
effects of EPO during renal ischemia in large animal models.'*!* It is recognizable that there was also effort to test EPO in a non-
human primate model what shows that EPO is of high interest in protecting kidneys against ischemia and reperfusion. These
primates underwent 90 minutes of renal warm ischemia and were observed for further 7 days. EPO was given 5 minutes before
clamping and additionally 5 minutes before blood flow was restored. The main findings were that EPO protected the renal tissue
and therefore organ function measured by creatinine and blood urea nitrogen, additionally cystatin ¢ and Interleukin-6 (IL-6) levels
were improved. The number of apoptotic cells was also lower in the EPO group showing that medical treatment can protect renal
cells from programmed cell death caused by ischemia and reperfusion.'® These findings indicated that EPO might hold the promise
many scientists and clinicians were waiting for.

The next step was to use EPO in real life meaning clinical settings of patients suffering from renal ischemia and reperfusion
injury. A typical example for this clinical scenario is the transplantation of a kidney. Aydin et al. showed in the PROTECT study, a
12-month single center kidney transplantation study with high-dose EPO (3.3x10* International Units (IU) on 3 consecutive days,
starting 3-4 h before the transplantation and 24 h and 48 h after reperfusion) that there was no beneficial effect to be seen. The group
examined incidence of primary non-function and delayed graft function as well as duration of delayed function, renal function and
proteinuria up to 1 year and thrombotic adverse events. EPO did not only show no beneficial effects but it also increased thrombotic
risk events at 1 month and 1 year.'” Another study dealing with high-dose EPO (3 doses of 40,000 IU) in kidney transplantation
documented also no beneficial EPO effects but no increase in negative side effects. Endpoints were kidney function after 6 weeks
after transplantation as well as incidence of delayed graft function and kidney function after 12 months. The authors conclude that
the treatment with high-dose EPO after kidney transplantation was well tolerated, but had no effect on long-term graft function.'®
Results that were also seen in other studies dealing with high-dose EPO in renal transplantation.!*** Another interesting field of
clinical use would be the protection of renal organ function after cardiac surgery. Two studies examined EPO effects in this setting.
The first one evaluated the effectiveness of EPO (300 [U/kg before surgery) in the prevention of AKI after Coronary Artery Bypass
Grafting (CABQG). In the EPO group only 8% developed postoperative acute kidney failure compared to 29% in the placebo group.
Both serum creatinine and estimated glomerular filtration rate were significantly improved in the EPO group indicating positive
effects on organ function in the treatment group. The author’s state by themselves that their study is only of small size that should
be seen as a pilot trial that needs confirmation in a larger clinical trial.?! The second study tested two different doses of EPO (40,000
IU vs. 20,000 IU) on kidney function after cardiac surgery. The end-points were the change in urinary Neutrophil Gelatinase-
Associated Lipocalin (NGAL) concentration from baseline, creatinine and cystatine C levels as well as acute inflammatory response
(Interleukin 6 (IL-6) and Interleukin 8 (IL-8)). EPO treatment did not significantly modify the levels of the above mentioned
parameters. The incidence of acute kidney injury and inflammatory cytokines levels did not differ between groups. Therefore one
must say that, although safe, EPO demonstrated neither nephroprotective nor anti-inflammatory properties.?

A possible explanation for the ineffectiveness of EPO in clinical trials in comparison to experimental data might be that
not enough effort was undertaken to examine side effects arising in older individuals. The authors own working group examined
therefore in a large animal model the influence of atherosclerosis on EPO function in kidneys. We could not find any positive effect
of EPO after an ischemia/reperfusion period. The reason for that controversal outcome was that the absolute number of EPO recep-
tors in atherosclerotic renal tissue was up to 20 times lower as in the tissue of young and healthy animals.?

Regarding all this results, both experimental and clinical, one must say that EPO might not have the effect that everyone de-
sired. When looking at EPO and its effects on renal tissue, future experimental set-ups should take in account that most of the clinical
problems are in patients of older age. Therefore we must surely define better experimental set-ups when planning animal models.
But EPO is not out of interest only because of its inability to work in atherosclerotic tissue, because there is much to investigate how
EPO can help to improve renal function in younger patients e.g. undergoing kidney transplantation or having an ischemic injury after
accident. Therefore it is still worth to take a closer look on EPO function and not to give up research on its clinical abilities.

Funding
All authors declare that there was no funding.
Author’s contribution

Simon wrote article. Schelzig and Oberhuber critically reviewed.

Nephrol Open J Page e10


http://dx.doi.org/10.17140/NPOJ-1-e004

NEPHROLOGY Openventio

ISSN 2380-0445 http://dx.doi.org/10.17140/NPOJ-1-e004
Open Journal

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1. Denis, JB. Concerning a new way of curing. Philosophical Transactions. 1667; 489-504.

2. Carnot P, Deflandre, C. On the hemopoietic activity of serum during the regeneration of blood. [French] C. R. Acad. Sci. 1906;
143: 348-387.

3. Goldwasser E. Erythropoietin: a somewhat personal history. Perspect Biol Med. 1996; 40(1): 18-32. doi: 10.1353/pbm.1996.0005

4. Lin F-K, Suggs S, Lin C-H, et al. Cloning and expression of the human erythropoietin gene. Proc Natl Acad Sci. 1985; 82: 7580-
7584.

5. Maiese K, Li F, Chung Z. Erythropoietin in the brain: can the promise to protect be fulfilled? Trends Pharmacol Sci. 2004; 25:
577-583. doi: 10.1016/].tips.2004.09.006

6. Nakano M, Satoh K, Fukumoto Y, et al. Important role of erythropoietin receptor to promote VEGF expression and angiogenesis
in peripheral ischemia in mice. Circ Res. 2007; 100: 662-669. doi: 10.1161/01.RES.0000260179.43672.fe

7. Maiese K, Li F, Chong ZZ. New avenues of exploration for erythropoietin. JAMA. 2005; 293: 90-95. doi: 10.1001/jama.293.1.90

8. Westenfelder C, Biddle DL, Baranowski RL. Human, rat, and mouse kidney cells express functional erythropoietin receptors.
Kidney Int. 1999; 55: 808-820.

9. Spandou E, Tsouchnikas I, Karkavelas G, et al. Erythropoietin attenuates renal injury in experimental acute renal failure isch-
aemic/reperfusion model. Nephrol Dial Transplant. 2006; 21: 330-336. doi: 10.1093/ndt/gfi177

10. Sharples EJ, Patel N, Brown P, et al. Erythropoietin protects the kidney against injury and dysfunction caused by ischemia-
reperfusion. J Am Soc Nephrol. 2004; 15: 2115-2124. doi: 10.1097/01.ASN.0000135059.67385.5D

11. Ates E, Yalcin AU, Yilmaz S, Koken T, Tokyol C. Protective effect of erythropoietin on renal ischemia and reperfusion injury.
ANZ J Surg. 2005; 75: 1100-1105. doi: 10.1111/1.1445-2197.2005.03612.x

12. Johnson DW, Pat B, Vesey DA, Guan Z, Endre Z, Gobe GC. Delayed administration of darbepoetin or erythropoietin protects
against ischemic acute renal injury and failure. Kidney Int. 2006; 69: 1806-1813.

13. Maio R, Sepodes B, Patel NS, Thiemermann C, Mota-Filipe H, Costa P. Erythropoietin preserves the integrity and quality of
organs for transplantation after cardiac death. Shock. 2011; 35: 126-133. doi: 10.1097/SHK.0b013e3181e83236

14. Forman CJ, Johnson DW, Nicol DL. Erythropoietin administration protects against functional impairment and cell death after
ischaemic renal injury in pigs. BJU Int. 2007; 99: 162-165. doi: 10.1111/j.1464-410X.2006.06505.x

15. Selling C, Christensen AT, Krag S, et al. Erythropoietin administration is associated with short term improvement in glomerular
filtration rate after ischemia-reperfusion injury. Acta Anaesthesiol Scand.2011; 55: 185-195. doi: 10.1111/j.1399-6576.2010.02369.x

16. Ishii Y, Sawada T, Murakami T, et al. Renoprotective effect of erythropoietin against ischaemia reperfusion injury in a non-
human primate model. Nephrol Dial Transplant. 2011; 26: 1157-1162. doi: 10.1093/ndt/gfq601

17. Aydin Z, Mallat MJ, Schaapherder AF, et al. Randomized trial of short course high-dose erythropoietin in donation after cardiac
death kidney transplant recipients. Am J Transplant. 2012; 12: 1793-1800. . doi: 10.1111/j.1600-6143.2012.04019.x

18. Hafer C, Becker T, Kielstein JT, et al. High-dose erythropoietin has no effect on short- or long-term graft function following

Nephrol Open J Page e11


http://dx.doi.org/10.17140/NPOJ-1-e004
https://muse.jhu.edu/journals/perspectives_in_biology_and_medicine/summary/v040/40.1.goldwasser.html
http://www.sciencedirect.com/science/article/pii/S0165614704002561
http://circres.ahajournals.org/content/100/5/662.long
http://jama.jamanetwork.com/article.aspx%3Farticleid%3D200075
http://ndt.oxfordjournals.org/content/21/2/330.long
http://jasn.asnjournals.org/content/15/8/2115.short
http://onlinelibrary.wiley.com/doi/10.1111/j.1445-2197.2005.03612.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/20523268
http://onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2006.06505.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/21226860
http://www.ncbi.nlm.nih.gov/pubmed/20935018
http://www.ncbi.nlm.nih.gov/pubmed/22429395

NEPHROLOGY Openventio

ISSN 2380-0445 http://dx.doi.org/10.17140/NPOJ-1-e004
Open Journal

deceased donor kidney transplantation. Kidney Int. 2012; 81: 314-320. doi: 10.1038/ki.2011.349

19. Martinez F, Kamar N, Pallet N, et al. High dose epoetin beta in the first weeks following renal transplantation and delayed graft
function: results of the Neo-PDGF Study. Am J Transplant. 2010; 10: 1695-1700. doi: 10.1111/j.1600-6143.2010.03142.x

20. Sureshkumar KK, Hussain SM, Ko TY, Thai NL, Marcus RJ. Effect of high-dose erythropoietin on graft function after kidney
transplantation: a randomized, double-blind clinical trial. Clin J Am Soc Nephrol. 2012; 7: 1498-1506.

21. Song YR, Lee T, You SJ, et al. Prevention of acute kidney injury by erythropoietin in patients undergoing coronary artery by pass
grafting: a pilot study. Am J Nephrol. 2009; 30: 253-260. doi: 10.1159/000223229

22. deSeigneux S, Ponte B, Weiss L, et al. Epoetin administrated after cardiac surgery: effects on renal function and inflammation
in a randomized controlled study. BMC Nephrol. 2012; 13: 132. doi: 10.1186/1471-2369-13-132

23. Matejkova S, Scheuerle A, Wagner F, et al. Carbamylated erythropoietin-FC fusion protein and recombinant human erythropoi-
etin during porcine kidney ischemia/reperfusion injury. Intensive Care Med. 2013; 39(3): 497-510. doi: 10.1007/s00134-012-2766-y

Nephrol Open J Page e12


http://dx.doi.org/10.17140/NPOJ-1-e004
http://www.ncbi.nlm.nih.gov/pubmed/22012130
http://www.ncbi.nlm.nih.gov/pubmed/20642691
http://www.ncbi.nlm.nih.gov/pubmed/19494484
http://link.springer.com/article/10.1186%252F1471-2369-13-132
http://www.ncbi.nlm.nih.gov/pubmed/23291730

