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ABSTRACT

Renal ischemia/reperfusion injury (IRI) is inevitable in the clinical course of kidney 
transplantation. Previously, we showed that receptors for complement component C5a, i.e. 
C5aR and C5L2, are involved in renal IRI. We observed that C5L2-/- mice show attenuation 
of IRI-induced renal dysfunction to an even greater extent than C5aR-/- mice. In this study, 
we investigated the contribution of renal-expressed C5aR and C5L2 versus leukocyte-
expressed C5aR and C5L2 by creating bone marrow chimeras. To explore the role of renal-
expressed C5aR and C5L2 in renal IRI, WT, C5aR-/- and C5L2-/- mice were reconstituted 
with WT bone marrow. To determine the role of leukocyte-expressed C5aR and C5L2, WT 
mice were reconstituted with either WT, C5aR-/- or C5L2-/- bone marrow. Nine weeks after 
bone marrow transplantation, mice were subjected to 40 min of bilateral warm ischemia, and 
sacrificed 3 days after reperfusion. We observed that only renal-expressed C5aR, and both 
renal-expressed and leukocyte-expressed C5L2 mediate IRI-induced renal dysfunction. 
We propose that therapeutic interventions directed at inhibition of C5L2 during static cold 
storage or machine perfusion of renal allografts should be explored in order to improve long-
term post-transplant renal allograft survival and function.



143

Renal- vs Leukocyte-expressed C5a Receptors in Renal IRIChapter 8

8

INTRODUCTION

Renal ischemia/reperfusion injury (IRI) is inevitable in the clinical course of kidney 
transplantation. Multiple components of the innate immune system, including the complement 
system, toll-like receptors (TLRs), NOD-like receptors and inflammasomes are involved 
in renal IRI (1-4). The complement system comprises over thirty soluble and membrane-
bound proteins (5,6), and can be activated via three different pathways, i.e. the classical 
(CP), lectin (LP) and alternative (AP) pathway. Activation of each of the three pathways 
results in activation of the central complement component C3, and subsequent activation 
of the common terminal pathway leading to formation of the membrane attack complex 
(MAC, C5b-9). Inherent to activation of the common terminal pathway is the generation of 
the anaphylatoxins C3a and C5a, of which C5a has the most potent chemotactic and pro-
inflammatory properties. 

C5a receptor (C5aR) (7) and C5a-like receptor 2 (C5L2) (8) are the two known receptors 
for C5a and its degradation product C5adesArg. These receptors were initially identified on 
leukocytes, but expression of these two receptors has been shown on epithelial cells as well 
(9,10). We have shown that both receptors are expressed in the distal part of the nephron, but 
on different cell types (11). The role of C5aR in renal IRI has been studied using various animal 
models, showing that inhibition of the C5a-C5aR axis results in improved renal outcome after 
renal IRI (12-16). In Chapter 6, we investigated the contribution of C5L2 to renal IRI-mediated 
damage. Using mice with targeted deletion of C5aR or C5L2, we assessed the effect of 40 
min bilateral renal ischemia on impairment of renal function and renal histological damage. 
We found that C5L2-/- mice showed attenuation of IRI-induced renal dysfunction to an even 
greater extent than C5aR-/- mice. In addition, C5L2-/- mice showed reduced acute tubular 
necrosis (ATN) compared to WT and C5aR-/- mice. 

Since C5aR and C5L2 are expressed on leukocytes but also on renal tubular epithelium, one 
of the remaining questions is whether the protective phenotype in the knockout mice can be 
conferred to the absence of renal-expressed C5aR and C5L2 or leukocyte-expressed C5aR 
and C5L2. C5aR is known to induce leukocyte chemotaxis and activation in response to C5a 
and C5adesArg (17-20). Abrogated leukocyte chemotaxis in C5aR-/- mice might explain the 
observed protection after renal IRI. We recently showed that C5L2 seems not be involved in 
leukocyte, especially neutrophil, migration (Chapter 7). Therefore, it is unlikely that leukocyte-
expressed C5L2 contributes to renal IRI-induced injury. 

Discrimination between the role of renal-expressed versus leukocyte-expressed C5aR and 
C5L2 in renal IRI will have implications for future use of inhibitors of these receptors in the 
clinical setting. Therefore, we investigated the contribution of renal-expressed C5aR and 
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C5L2 versus leukocyte-expressed C5aR and C5L2 by creating bone marrow chimeras. 
Bone marrow of WT, C5aR-/- and C5L2-/- mice was replaced with WT bone marrow, and 
bone marrow of WT mice was replaced with either WT, C5aR-/- or C5L2-/- bone marrow. Bone 
marrow chimerism was confirmed 9 weeks after bone marrow transplantation. Thereafter, 
mice were subjected to 40 min bilateral warm ischemia, and effects on renal function and 
renal histological damage were assessed at 3 days after reperfusion. 

MATERIALS AND METHODS

Mouse strains
C57Bl/6 wildtype (WT), and C5aR-/- (21) and C5L2-/- (22) mice, both on C57Bl/6 background, 
were kindly provided by B. Lu, Harvard Medical School, Boston, USA. These mice and 
C57Bl/6 CD45.1 mice were bred in the local animal facility of the University Medical Center 
Groningen. Animals were housed in groups in standard laboratory cages up to surgery. After 
surgery, mice were housed individually up to sacrifice. Animals were allowed free access to 
food and water throughout the experiments. The studies were carried out under a protocol 
approved by the Institutional Animal Care Committee of the University of Groningen (project 
number 6810AC).  

Bone marrow donors
Bone marrow donors (male mice, aged 10-13 weeks) were sacrificed under general 
anesthesia using 3.5% isoflurane/O2. Under aseptic conditions, femurs, tibiae, pelvic bones, 
sternum and spine were harvested and crushed in Dulbecco’s PBS (DPBS, Lonza, Verviers, 
Belgium) and 0.2% BSA Fraction V (Gibco). Suspension was filtered using EASYstrainer 
filters 100 µm (Greiner Bio-One, Alphen a/d Rijn, the Netherlands). Red blood cells were 
lysed using ammonium chloride solution (0.15 M NH4Cl, 0.13 mM EDTA, and 17 mM NaCl), 
incubated for 10 min at RT, followed by centrifugation for 5 min, 447xg at 4°C. Bone marrow 
cells were resuspended in DPBS / 0.2% BSA, and filtered using cell restrainer caps (Falcon). 
Cells were counted using Medonic CA620 cell counter (Boule Medical, Stockholm, Sweden). 

Bone marrow recipients
Bone marrow recipients (male mice, aged 8-15 weeks at start of experiment) were placed 
in isolated ventilated cages one week before irradiation. Ciprofloxacin (Fresenius Kabi, 
Schelle, Belgium) 100 mg/L was added to drinking water as antibiotic prophylaxis started 1 
day before irradiation and continued for two weeks after bone marrow transplantation. 9 Gy 
total body irradiation was performed using X-RAD320. One day after irradiation, whole bone 
marrow transplantation was performed, with each recipient receiving between 8.5x106 and 
10x106 cells in 200 µl DPBS, via retro-orbital injection under general anesthesia with 3.5% 
isoflurane/O2. Mice were kept in isolated ventilated cages for three weeks and were given 
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breeding diet up to two weeks after bone marrow transplantation. Thereafter, mice were 
housed conventionally and provided with standard diet. 

Nine weeks after bone marrow transplantation, percentage of chimerism was determined 
using a blood sample acquired by retro-orbital puncture. Erythrocytes were lyzed using 
ammonium chloride solution (0.15 M NH4Cl, 0.13 mM EDTA, and 17 mM NaCl), incubated for 
10 min at RT, followed by centrifugation for 5 min, 447xg at 4°C. The remaining leukocytes 
were washed using DPBS / 0.2% BSA. Leukocytes were stained using Pacific Blue labeled 
anti-mouse CD45.1 (BioLegend, San Diego, CA, USA) and PE-labeled anti-mouse CD45.2 
(BioLegend) for 30 min at 4°C in the dark. Cells were washed using DPBS / 0.2% BSA. Dead 
cells were stained by propidium iodide (1 mg/ml, Sigma-Aldrich, St. Louis, MO, USA). Cells 
were analyzed using a FACS Verse flow cytometer (BD, Franklin Lakes, NJ, USA). 

Experimental renal ischemia/reperfusion model
Mice were anesthetized using 5% isoflurane/O2. After induction, anesthesia was maintained 
by 2% isoflurane/O2. Body temperature was maintained at 37°C by a heating pad during 
surgery, and in an incubator for neonates during ischemia. Under aseptic conditions, an 
abdominal midline incision was made and bilateral renal ischemia was induced by applying 
two non-traumatic vascular clamps per renal pedicle for 40 minutes. During ischemia, the 
abdominal cavity was covered with cotton soaked in sterile saline. After removal of the clamps, 
the kidneys were inspected for restoration of blood flow. The abdomen was closed in two 
layers and buprenorphine (0.1 mg/kg) was applied once subcutaneously for postoperative 
pain management. The animals were sacrificed at 3 days after ischemia/reperfusion surgery 
(n=8 per group). Sham operated animals were anesthetized and operated according to the 
protocol described above, but no vascular clamps were placed (n=8 per group). At time of 
sacrifice, blood and kidneys were collected for analysis. 

Renal function
Creatinine and blood urea nitrogen (BUN) were measured in EDTA-plasma obtained at time 
of sacrifice, using a Roche Modular P system (Roche, Basel, Switzerland). 

Renal morphology
Sections (4 µm) of formalin-fixed paraffin embedded left kidneys were stained with Periodic 
Acid Schiff. Renal damage was scored as percentage of necrotic tubuli (acute tubular 
necrosis, ATN) in the cortical area, by two individual observers using a semi-quantitative 
method. A scoring system ranging from 0 to 4 was applied (0 = 0% ATN, 1 = <10% ATN, 2 
= 10-25% ATN, 3 = 25-50% ATN and 4 = >50% ATN).   
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Statistical analysis
Statistical analysis was performed with GraphPad Prism 5.00 (GraphPad Software Inc, 
La Jolla, CA, USA). For comparison of more than two groups, a Kruskall Wallis test was 
performed, followed by a Mann Whitney post-test. All statistical tests were 2-tailed with P < 
0.05 regarded as significant. Results are presented as mean values ± SD. 

RESULTS

Bone marrow chimeras
To discriminate between the contribution of renal-expressed C5aR and C5L2 versus leukocyte-
expressed C5aR and C5L2 in renal ischemia/reperfusion injury, bone marrow chimeras were 
created. CD45 is an antigen expressed by all leukocytes. Mouse strains expressing different 
isoforms of CD45 were used, i.e. CD45.1 and CD45.2. The bone marrow of WT, C5aR-/- and 
C5L2-/- mice (all CD45.2) was replaced with WT bone marrow (CD45.1), and bone marrow of 
WT mice (CD45.1), was replaced with WT, C5aR-/- or C5L2-/- bone marrow (all CD45.2). Nine 
weeks after the bone marrow transplantation, percentage of chimerism was determined by 
FACS analysis (Figure 1 and Table 1). In Figure 1A, a representative picture is presented for 
CD45.1 bone marrow chimerism in a CD45.2 mouse. In Figure 1B, a representative picture 
is presented for CD45.2 bone marrow chimerism in a CD45.1 mouse. A minimum of 92% 
chimerism was observed in all animals. 

Figure 1: FACS analysis in bone marrow chimeras. 
Bone marrow of WT, C5aR-/- and C5L2-/- mice (all CD45.2) was replaced with WT bone marrow (CD45.1), 
and bone marrow of WT mice (CD45.1), was replaced with WT, C5aR-/- or C5L2-/- bone marrow (all 
CD45.2). Nine weeks after the bone marrow transplantation, percentage of chimerism was determined 
by FACS analysis. (A) Representative picture for CD45.1 bone marrow chimerism in CD45.2 mouse. (B) 
Representative picture for CD45.2 bone marrow chimerism in CD45.1 mouse.
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Table 1: Percentage of bone marrow chimerism
Mice Bone marrow replaced with Percentage of chimerism
WT (CD45.2) WT (CD45.1) 93.3 ± 0.9
C5aR-/- (CD45.2) WT (CD45.1) 93.3 ± 1.2
C5L2-/- (CD45.2) WT (CD45.1) 92.6 ± 0.7
WT (CD45.1) WT (CD45.2) 94.8 ± 0.5
WT (CD45.1) C5aR-/- (CD45.2) 95.3 ± 1.1
WT (CD45.1) C5L2-/- (CD45.2) 94.6 ± 0.6

Renal C5aR or C5L2 deficiency protects against renal ischemia/reperfusion injury
WT, C5aR-/- and C5L2-/- mice with WT CD45.1 bone marrow were subjected to 40 min bilateral 
renal warm ischemia followed by reperfusion. Mice were sacrificed after 3 days. All mice 
survived up to termination, except for one animal in the WT sham group, due to a technical 
error. This animal was excluded from further analysis. Renal function was measured as 
plasma creatinine and blood urea nitrogen (BUN) levels (Figure 2A and 2C respectively). All 
groups showed a significant increase in plasma creatinine and BUN levels between sham-
operated and renal IRI groups. However, despite the presence of WT leukocytes, renal C5aR 
or C5L2 deficiency resulted in a significantly diminished increase in plasma creatinine and 
BUN levels compared to WT animals (Figure 2A and 2C respectively). 

Leukocyte C5L2 deficiency protects against renal ischemia/reperfusion injury
Subsequently the reverse experiment was performed. WT CD45.1 mice with WT, C5aR-/- or 
C5L2-/- (all CD45.2) bone marrow were again subjected to 40 min of bilateral warm ischemia 
and sacrificed after 3 days of reperfusion. All mice in these groups survived up to termination, 
and no animals were excluded from analysis. Renal function parameters, as measured by 
plasma creatinine and blood urea nitrogen (BUN) levels, are depicted in Figure 2B and 2D 
respectively. Like in the previous experiment, WT mice with WT or C5aR-/- leukocytes showed 
a significant deterioration of renal function after renal IRI, displayed by a significant increase 
in plasma creatinine and BUN levels between sham-operated and IRI groups. However, we 
observed that WT CD45.1 mice with WT CD45.2 bone marrow showed a diminished increase 
in plasma creatinine and BUN compared to WT CD45.2 mice with WT CD45.1 bone marrow 
(Figure 2A vs 2C and 2B vs 2D). Where WT mice with C5L2-/- leukocytes showed a significant 
increase in BUN levels after IRI compared to sham-operated animals as well (Figure 2D), no 
significant increase in plasma creatinine was observed between the sham-operated and IRI 
group (Figure 2B). In addition, plasma creatinine and BUN levels were similar in WT mice 
with WT or C5aR-/- leukocytes (Figure 2B and 2D respectively). In contrast, WT mice with 
C5L2-/- leukocytes displayed significantly lower plasma creatinine and BUN levels compared 
to  WT mice with WT or C5aR-/- leukocytes.
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Similar tubular damage after renal ischemia/reperfusion injury
In Chapter 6, we observed reduced acute tubular necrosis (ATN) in full C5L2-/- mice 
compared to WT and C5aR-/- mice 1 day after renal IRI. Here, we examined the morphological 
damage in kidneys of bone marrow chimeras at 3 days after renal IRI. ATN was scored 
semi-quantitatively as described in Chapter 6, ranging from 0 to 4 (0 = 0% ATN, 1 = <10% 
ATN, 2 = 10-25% ATN, 3 = 25-50% ATN and 4 = >50% ATN). ATN was observed in kidneys 
following IRI (Figure 3), whereas sham-operated animals showed no ATN. At 3 days after 
IRI, no significant differences were observed in tubular damage score between the different 
bone marrow chimeras (Figure 3). 

Figure 2: Renal function 3 days after renal ischemia/reperfusion injury in bone marrow chimeras. 
(A) Plasma creatinine and (B) blood urea nitrogen levels at 3 days after bilateral renal ischemia/
reperfusion injury in WT, C5aR-/- or C5L2-/- bone marrow chimeras with WT CD45.1 bone marrow. (C) 
Plasma creatinine and (D) blood urea nitrogen levels at 3 days after bilateral renal ischemia/reperfusion 
injury in WT bone marrow chimeras with WT, C5aR-/- or C5L2-/- bone marrow. Data are shown as mean ± 
SD (*P<0.05, **P<0.01).
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Figure 3: Tubular damage 3 days after renal ischemia/reperfusion injury in bone marrow chimeras. 
Tubular damage was scored as percentage of necrotic tubuli (acute tubular necrosis, ATN) in the cortical 
area using a semi-quantitative method (0 = 0% ATN, 1 = <10% ATN, 2 = 10-25% ATN, 3 = 25-50% ATN 
and 4 = >50% ATN). Data are shown as mean ± SD.

DISCUSSION

In the present study, we investigated the contribution of renal-expressed C5aR and C5L2 
versus leukocyte-expressed C5aR and C5L2 in renal IRI by subjecting bone marrow chimeras 
to 40 min of bilateral warm ischemia. We showed that only renal-expressed C5aR, and both 
renal-expressed and leukocyte-expressed C5L2 mediate IRI-induced renal dysfunction. This 
makes renal-expressed C5aR and C5L2, and leukocyte-expressed C5L2 interesting targets 
for therapeutic intervention during the renal allograft ischemia and subsequent reperfusion 
phase. 

C5aR and C5L2 are seven-transmembrane receptors and coherent with its structure, 
C5aR has been shown to function in a G-protein coupled manner, and exerts multiple pro-
inflammatory functions via G-proteins. However, C5L2 lacks several receptor characteristics 
which are known to be essential for G-protein coupling making intracellular signaling via 
G-proteins virtually impossible for C5L2. Therefore, C5L2 was postulated to serve as a 
non-signaling decoy receptor for C5a, preventing C5a-C5aR-mediated signaling and thus 
exhibiting an anti-inflammatory function. An alternative anti-inflammatory function for C5L2 
was proposed by Bamberg et al (23). They observed that C5L2 reduces C5aR-mediated 
phosphorylation of ERK1/2 in a G-protein independent manner via a C5aR-C5L2-b-arrestin 
complex (23). In this model, C5L2 does not function by scavenging C5a, but by negatively 
modulating signaling downstream from C5aR. 
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In line with the pro-inflammatory functions reported for C5aR, we previously observed that full 
C5aR-/- mice are protected against renal IRI (Chapter 6). Although C5aR mediates neutrophil 
migration (Chapter 7), no significant differences were observed in neutrophil infiltration 
between WT and full C5aR-/- mice after IRI (Chapter 6), which suggests that leukocyte-
expressed C5aR does not play a major role in IRI-induced renal damage. Consistent with 
these findings, here we observed that indeed renal-expressed C5aR, but not leukocyte-
expressed C5aR, is involved in IRI-mediated renal dysfunction. This observation makes 
renal-expressed C5aR a potential target for intervention during renal allograft ischemia. 

The anti-inflammatory hypotheses for C5L2, i.e. function as a decoy receptor or negative 
modulator of C5aR-mediated signaling, imply that C5aR and C5L2 are present on the same 
cell and, in the latter case, are even able to establish a molecular complex. Although in the 
kidney C5aR and C5L2 are both expressed in the distal nephron, they are not expressed 
on the same individual cell (11). Although the anti-inflammatory hypotheses might be true 
for leukocyte-expressed C5L2, the distinct renal expression pattern makes it practically 
impossible for C5L2 to act as a non-signaling decoy receptor or negative modulator 
of C5a-C5aR-mediated signaling in the kidney. We previously observed that full C5L2-/- 
mice were protected against IRI suggesting a pro-inflammatory role for C5L2 in the kidney 
(Chapter 6). In this study, we showed that absence of C5L2 in the kidney (in the presence 
of WT leukocytes) is sufficient to protect kidneys from IRI injury. If C5L2 would only serve as 
a decoy receptor or would negatively modulate C5a-C5aR-mediated signaling, we would 
have observed an aggravated inflammatory phenotype in renal C5L2-/- and full C5L2-/- mice 
following renal IRI compared to WT mice. 

Inhibition of renal-expressed C5aR or C5L2 in the course of IRI during renal transplantation 
could be accomplished during static cold storage or during machine perfusion (24) of the 
donor kidney. Blocking of receptors can be realized via small molecule receptor antagonists 
or receptor blocking antibodies. Inhibition of C5aR has recently been reviewed by Woodruff 
et al (25). Cyclic hexapeptide PMX53 (synonyms 3D53; AcF-[OPdChaWR]) is the most 
widely used small molecule C5aR antagonist. It has been shown to be a full C5aR antagonist 
by preventing binding of C5a and C5adesArg to C5aR. (25-27). Lewis et al performed a mouse 
renal transplantation study in which a C5aR antagonist was applied during cold storage 
(28). They showed that recipient survival was significantly higher in the C5aR antagonist 
treatment group versus the untreated group. Gueler et al showed that when recipient mice 
were treated with a C5aR antagonist before transplantation, long-term renal allograft survival 
was markedly improved compared with untreated animals (29). These studies show that 
inhibition of C5aR in the course of IRI indeed improve post-transplant allograft survival. 
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Our previous data suggest that C5L2 might be an even better target for intervention than C5aR 
to inhibit IRI-mediated renal dysfunction. In Chapter 6 we showed that C5L2-/- mice display 
reduced ATN compared to C5aR-/- mice. In addition, C5L2-/- mice showed reduced expression 
of pro-inflammatory mediators after donor brain death compared to C5aR-/- mice (Chapter 
4). Therefore, applying a C5L2 antagonist during static cold storage or during machine 
perfusion might have greater beneficial effects than a C5aR antagonist. Unfortunately, C5L2 
antagonists do not exist to date. Although the ligand binding sites of C5aR and C5L2 for 
C5a and C5adesArg are almost identical, PMX53 does not prevent C5a or C5adesArg binding to 
C5L2 (27). However, in 2004, Otto et al reported that a C5a mutant named A8D71-73 prevented 
binding C5a and C5adesArg to both C5aR and C5L2 (27). This compound might be the start to 
explore simultaneous C5aR and C5L2 inhibition during renal IRI. 

In addition, we observed that leukocyte-expressed C5L2 also mediates IRI-induced renal 
dysfunction. Moreover, where C5L2-/- mice with WT (CD45.1) bone marrow did show an 
increase in plasma creatinine and BUN after IRI, WT (CD45.1) mice with C5L2-/- bone marrow 
only showed a significant increase in BUN but not in plasma creatinine. The absence of 
an increase in plasma creatinine after IRI compared to sham-operated  in WT mice with 
C5L2-/- bone marrow, would suggest that leukocyte-expressed C5L2 would have a larger 
contribution to IRI-induced renal dysfunction compared to renal-expressed C5L2. However, 
it has to be taken into account that WT CD45.1 mice with WT CD45.2 bone marrow showed 
a diminished increase in plasma creatinine and BUN compared to WT CD45.2 mice with 
WT CD45.1 bone marrow (Figure 2A vs 2C and 2B vs 2D). This suggests that, although all 
mouse strains used are C57Bl/6, different renal IRI sensitivity exits among the mouse strains. 
Although not significantly different, a trend towards reduced tubular damage was observed in 
the WT CD45.1 mice, compared to the CD45.2 strains. Where the C5aR-/- and C5L2-/- mouse 
strains originate from the WT CD45.2 C57Bl/6 mouse strain, WT CD45.1 mice were a separate 
C57Bl/6 mouse strain. Therefore, genetic differences among these different C57Bl/6 strains 
might explain the reduced renal IRI sensitivity in the WT CD45.2 mice compared to the other 
mouse strains. The reduced renal IRI sensitivity of the WT CD45.2 mice might explain the 
absence of increase in plasma creatinine in WT CD45.2 mice with C5L2-/- bone marrow. This 
leads us to the conclusion that indeed leukocyte-expressed C5L2 is involved in IRI-induced 
renal dysfunction, but probably not to a greater extent than renal-expressed C5L2. 

The observation that leukocyte-expressed C5L2 is involved in IRI-induced renal dysfunction, 
but leukocyte-expressed C5aR is not, again contradicts the anti-inflammatory hypotheses for 
C5L2, i.e. function as a decoy receptor or negative modulator of C5aR-mediated signaling. 
If in leukocytes C5L2 would only function as a decoy receptor or as a negative modulator 
of C5aR-mediated signaling, again an aggravated phenotype would have been observed 
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in WT mice with C5L2-/- bone marrow compared to WT mice with WT or C5aR-/- bone 
marrow. Combining this with the observation that leukocyte-expressed C5aR does not seem 
to be involved in IRI-induced renal damage, even in leukocytes C5L2 might have C5aR-
independent functions which yet have to be revealed.  

During organ retrieval, donor blood is flushed from the kidneys among others to reduce 
numbers of donor leukocytes being transplanted alongside the renal allograft into the 
recipient. Therefore, targeting leukocyte-expressed C5L2 will not be effective during static 
cold storage or machine perfusion of the renal allograft. However, inhibition of C5L2 in the 
recipient prior to or after transplantation might have beneficial effects on post-transplant 
renal allograft outcome. 

In conclusion, our data show that renal-expressed C5aR and C5L2 and leukocyte-expressed 
C5L2 mediate IRI-induced renal dysfunction. Combining these data with reduced inflammation 
in kidneys from C5L2-/- mice after donor brain death compared to WT and C5aR-/- mice 
(Chapter 4), C5L2 might turn out to be a more effective target for intervention during donor 
brain death and IRI than C5aR. Since the effect of C5L2 inhibition on other organs remains 
to be investigated, targeting renal-expressed C5L2 during the renal allograft ischemic phase 
after organ retrieval, will not influence other organs of the multi-organ donor. We propose 
that therapeutic interventions inhibiting C5L2 during static cold storage or machine perfusion 
of renal allografts should be explored in order to improve long-term post-transplant renal 
allograft survival and function. 
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