
 International Journal of 

Molecular Sciences

Article

Study of the Role of the Tyrosine Kinase Receptor MerTK in the
Development of Kidney Ischemia-Reperfusion Injury in
RCS Rats

Thomas Pelé 1,†, Sebastien Giraud 1,2,†, Sandrine Joffrion 1,2, Virginie Ameteau 1,3, Adriana Delwail 4,
Jean-Michel Goujon 1,3,5, Laurent Macchi 1,3,6, Thierry Hauet 1,2,3 , Fatima Dkhissi 1,3 and Omar Benzakour 1,3,*

����������
�������

Citation: Pelé, T.; Giraud, S.; Joffrion,

S.; Ameteau, V.; Delwail, A.; Goujon,

J.-M.; Macchi, L.; Hauet, T.; Dkhissi,

F.; Benzakour, O. Study of the Role of

the Tyrosine Kinase Receptor MerTK

in the Development of Kidney

Ischemia-Reperfusion Injury in RCS

Rats. Int. J. Mol. Sci. 2021, 22, 12103.

https://doi.org/10.3390/ijms

222212103

Academic Editor: Jakob Troppmair

Received: 3 May 2021

Accepted: 3 November 2021

Published: 9 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 INSERM U1082 (IRTOMIT), 86000 Poitiers, France; thomas.pele9@gmail.com (T.P.);
giraudseb@yahoo.fr (S.G.); joffrion.sandrine@gmail.com (S.J.); virginie.ameteau@univ-poitiers.fr (V.A.);
j.m.goujon@chu-poitiers.fr (J.-M.G.); laurent.macchi@chu-poitiers.fr (L.M.);
thierry.hauet@univ-poitiers.fr (T.H.); fatima.dkhissi@univ-poitiers.fr (F.D.)

2 Service de Biochimie, CHU Poitiers, 86000 Poitiers, France
3 Faculté de Médecine et de Pharmacie, Université de Poitiers, 86000 Poitiers, France
4 Plateforme d’Imagerie de l’Université de Poitiers et CNRS ERL 7003/EA 7349, Université de Poitiers,

86000 Poitiers, France; adriana.delwail@univ-poitiers.fr
5 Service d’Anapathomopathologie, CHU Poitiers, 86000 Poitiers, France
6 Service d’Hématologie, CHU Poitiers, 86000 Poitiers, France
* Correspondence: omar.benzakour@univ-poitiers.fr; Tel.: +33-54944-3568
† These authors equal contribution to this work.

Abstract: Renal ischaemia reperfusion (I/R) triggers a cascade of events including oxidative stress,
apoptotic body and microparticle (MP) formation as well as an acute inflammatory process that may
contribute to organ failure. Macrophages are recruited to phagocytose cell debris and MPs. The
tyrosine kinase receptor MerTK is a major player in the phagocytosis process. Experimental models
of renal I/R events are of major importance for identifying I/R key players and for elaborating novel
therapeutical approaches. A major aim of our study was to investigate possible involvement of
MerTK in renal I/R. We performed our study on both natural mutant rats for MerTK (referred to as
RCS) and on wild type rats referred to as WT. I/R was established by of bilateral clamping of the renal
pedicles for 30′ followed by three days of reperfusion. Plasma samples were analysed for creatinine,
aspartate aminotransferase (ASAT), lactate dehydrogenase (LDH), kidney injury molecule -1 (KIM-1),
and neutrophil gelatinase-associated lipocalin (NGAL) levels and for MPs. Kidney tissue damage
and CD68-positive cell requirement were analysed by histochemistry. monocyte chemoattractant
protein-1 (MCP-1), myeloperoxidase (MPO), inducible nitric oxide synthase (iNOS), and histone 3A
(H3A) levels in kidney tissue lysates were analysed by western blotting. The phagocytic activity of
blood-isolated monocytes collected from RCS or WT towards annexin-V positive bodies derived from
cultured renal cell was assessed by fluorescence-activated single cell sorting (FACS) and confocal
microscopy analyses. The renal I/R model for RCS rat described for the first time here paves the way
for further investigations of MerTK-dependent events in renal tissue injury and repair mechanisms.

Keywords: ischemia-reperfusion; MerTK; microparticles; inflammation; phagocytosis; RCS rats

1. Introduction

Renal ischemia-reperfusion (I/R) is a sequence of events including oxidative stress,
cell death, and inflammation that may cause organ failure and is unavoidable during
renal transplantation [1–5]. Dying cells may release damage-associated molecular patterns
(DAMPs) that are mainly pro-inflammatory factors responsible for leukocyte recruitment as
well as microparticle (MPs) [6,7]. At the site of tissue injury, neutrophils may release their
DNA contents that act as neutrophil extracellular traps (NET) and induce surrounding
cell necrosis, enhancing the inflammatory process [8–10]. Macrophages, through reactions
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between Nitric Oxyde (NO) and Reactive Oxygen Species (ROS), release peroxnitrites,
which are cytotoxic products that contribute to cell damage while recruited leukocytes by
phagocytosing cellular debris contribute to the repair process [11–14].

Microparticles (MPs) are 0.1 µm to 1 µm diameter vesicles that are characterized by
phosphatidylserine (PS) exposure on the external leaflet membrane. They are characterized
by both PS exposure on their external surface and by the presence of markers reflecting
their cellular origin [15,16]. Since they may act as vehicles for intercellular communication,
by transferring their contents to target cells, by receptor-mediated signaling or by releasing
of soluble signaling molecules, MPs are believed to play an important role in several
processes including hemostasis, inflammation, vascular tone, and tumor growth [17,18].
Under basal conditions, most MPs detected in peripheral blood are derived from platelets
(PMPs) or leukocytes (LMPs) or endothelial cells (EMPs) [17]. Following hepatic ischemia
reperfusion, the levels of circulating LMPs, PMPs, and EMPs increase [19]. Circulating
MPs expose PS that acts as an eat-me signal and that is recognized by specific receptors
expressed by phagocytes. The tyrosine kinase receptor MerTK expressed by macrophages
plays an important role in MP phagocytosis [18].

MerTK is a tyrosine kinase receptor of the TAM (Tyro3, Axl, and MerTK) family.
MerTK is expressed by many cells including endothelial cells and monocytes/macrophages
and is also expressed within the kidney by glomerular cells [20–22]. MerTK is a key
player in apoptotic cell clearance by phagocytosis; its ligand, the anticoagulant vitamin
K-dependent factor protein S, bridges PS exposed on the plasma membrane of apoptotic
cells with the MerTK receptor on the surface of phagocytes, enabling phagocytosis to take
place [23–25]. The absence of a functional MerTK protein leads to a defect in phagocytosis
that has been associated with several pathologies such as impaired spermatogenesis,
photoreceptor degeneration or autoimmune disease [24,26–29]. MerTK expressed by
macrophages may also act as a negative regulator of inflammation, as impaired MerTK
expression leads to an increase in pro-inflammatory mediators such as interleukin-6 (IL-6),
monocyte chemoattractant protein-1 (MCP-1), and tumor necrosis factor-α (TNF-α) [30].
For the kidney, a protective role of MerTK in nephrotoxic serum-induced nephritis was
described but its possible roles, either in vitro or in vivo, in renal I/R have not been studied
as yet [20]. RCS rat models, which are natural mutants for MerTK (RCS) vs. wild type rats
(WT), were previously used mainly for studying the effects of MerTK on retina degeneration
linked to a defect in photoreceptor outer segment phagocytosis [31–35].

In order to study the putative role of a functional MerTK receptor in the renal I/R
sequence, we describe herein for the first time the use of an RCS rat model for the study
of renal I/R. In this model, we monitored many parameters linked to renal function,
inflammation, circulating MPs as well as in vitro assays of phagocytosis.

2. Results
2.1. Renal I/R Induces an Increase in Several Plasma Biomarkers of Injury in Both WT and
RCS Rats

PCR and western blot experiments described in supplementary data online (Figure S1)
confirmed that RCS rats that were used in the present study, noted RCS hereafter, do not
express a full functional MerTK protein.

For each of the groups and subgroups defined in the methods section, the plasma
levels of the following known biomarkers of renal I/R injury: Creatinine, Urea, aspartate
aminotransferase (ASAT), lactate dehydrogenase (LDH), kidney injury molecule -1 (KIM-1),
and neutrophil gelatinase-associated lipocalin (NGAL), were determined seven days before
surgery (D-7, baseline level), on day 1 (D1), and on day 3 (D3) post-I/R.

Figure 1a,b show that compared to the control (RCS: 20.2 µmol/L± 1.0; WT: 21 µmol/L)
or to the SHAM subgroup (RCS: 19.8 µmol/L ± 0.6; WT: 20.75 µmol/L ± 0.4), the I/R
sequence induced on day 1 (RCS: 193.4 µmol/L ± 48.3; WT: 115 µmol/L ± 29.4) and
to a lesser extent on day 3 post-I/R sequence, a sharp increase in the creatinine plasma
concentrations. A similar pattern was observed for Urea (Figure 1c,d), ASAT (Figure 1e,f),
LDH (Figure 1g,h), and NGAL (Figure 1k,l) plasma concentrations. For NGAL plasma
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concentrations (Figure 1k,l) the increase induced by the I/R sequence, on both day 1 and to
a lesser extent on day 3, was weaker than that observed for the above markers. For KIM-1
plasma concentrations (Figure 1i,j) the increase induced by the I/R sequence was observed
on day 3 post-reperfusion. In comparison with the SHAM group, for some markers, the
fold increase of the I/R groups was very different between RCS and WT. For instance, the
creatinine plasma concentration increased by about 10-fold in RCS and by 5.6-fold in the
WT group; LDH increased by 6-fold in RCS and by 9-fold in WT.

Histological analyses of kidney sections in the experimental groups (WT and RCS)
and subgroups are depicted in Figure 2. They show that at three days post-reperfusion for
the I/R group, tissue damage was mainly localized within the tubules region as illustrated
by the loss of the brush border (black arrow) and the presence of cellular debris in the
lumen of the tubules (red arrow) (Figure 2a). Such tissue damage was significantly less
(p < 0.05) pronounced in RCS compared to WT (Figure 2b).

Altogether, data from Figures 1 and 2 suggest that the I/R sequence induced alterations
to both renal function as determined from the observed changes in the plasma levels of
several markers and renal tissue as determined from histological analyses. These results
show that the absence of a functional MerTK receptor has an impact on the extent of
the I/R-induced changes in the plasma levels of some markers such as creatinine and
LDH and in renal histological damage. Such alterations and injuries may be triggered by
inflammatory molecules and may in turn trigger inflammatory events.

2.2. Renal I/R Sequence Triggers Multiple Inflammatory Responses in Both RCS and WT Rats

We investigated possible effects of a renal I/R sequence, in our experimental group
(RCS and WT) and subgroups (control, SHAM and renal I/R), on the inflammatory process
by monitoring possible changes in the expression level of a major chemoattractant/pro-
inflammatory molecule: MCP-1. Figure 3a represents western blot analysis of tissue kidney
lysate using anti-MCP-1 antibody. Its quantification (Figure 3b) shows that the renal I/R
sequence induced a significant decrease in renal tissue MCP-1 expression in WT rats only.
As compared to control or SHAM subgroups, the I/R sequence induced a significant
increase in MCP-1 plasma levels, the extent of which differed between WT and RCS rats
(Figure 3c). For example, as compared to the SHAM group, in the I/R group at D3, MCP-1
plasma levels increased by 6.8-fold in WT and by 8.7-fold in RCS rats (Figure 3c,d).

MCP-1 is a chemoattractive that may trigger macrophage/neutrophil leukocyte re-
cruitment. To deepen our study, we next investigated, in histochemistry experiments
using an anti-CD68 antibody, the recruitment within the kidney of CD68-positive cell
(Figure 4a). Figure 4b shows that as compared to the control, for I/R- and to a much
lesser extent for SHAM- subgroups, CD68 positive cells were detected within the kid-
ney for both RCS and WT groups. Western blot analysis of kidney tissue lysates using
anti-CD68 antibody confirmed a substantial increase in the CD68 signal following the I/R
sequence in both RCS and WT groups (Figure 4c,d). To ascertain and further characterize
this macrophage/neutrophil phenotype recruitment following the I/R sequence within
the kidney, we assessed in kidney tissue lysates the myeloperoxidase (MPO) enzyme as
a marker of activated neutrophils, the inducible nitric oxide synthase (iNOS) enzyme as
a marker of type-I inflammatory macrophages as well as the presence of histone H3A as
a marker of NETosis (neutrophil extracellular traps). Figure 5 shows that the renal tissue
expression of MPO (Figure 5a,b) and H3A (Figure 5c,d) was significantly increased by the
I/R sequence in both the RCS and WT groups. However, the renal tissue expression of
iNOS was only increased the WT group (Figure 5e,f).
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Figure 1. Plasma levels of creatinine, urea, ASAT, LDH, KIM-1, and NGAL in both WT and RCS 
under SHAM or I/R conditions on day 1 and day 3 post-reperfusion. Plasma from both WT or RCS 
rats that were not submitted to surgery (D-7), were submitted to surgery without renal pedicle 
clamping (SHAM) or were submitted to a 30-min renal pedicle clamping (I/R) was analyzed on day 
1 (D1) and on day 3 (D3) post-reperfusion or post-surgery for creatinine (a), urea (c), ASAT (e), LDH 
(g), KIM-1 (i) or NGAL (k) levels. Creatinine, urea, LDH, and ASAT levels were measured using a 
Cobas C701 automatic analyzer. Plasma NGAL and KIM-1 levels were determined by sandwich 
ELISA. For each marker and each condition, five to 10 rats were used; data are presented as means 
± SEM. The area under the curve (from D-7 to D3) for each marker and each condition was calculated 

Figure 1. Plasma levels of creatinine, urea, ASAT, LDH, KIM-1, and NGAL in both WT and RCS
under SHAM or I/R conditions on day 1 and day 3 post-reperfusion. Plasma from both WT or
RCS rats that were not submitted to surgery (D-7), were submitted to surgery without renal pedicle
clamping (SHAM) or were submitted to a 30-min renal pedicle clamping (I/R) was analyzed on day 1
(D1) and on day 3 (D3) post-reperfusion or post-surgery for creatinine (a), urea (c), ASAT (e), LDH (g),
KIM-1 (i) or NGAL (k) levels. Creatinine, urea, LDH, and ASAT levels were measured using a Cobas
C701 automatic analyzer. Plasma NGAL and KIM-1 levels were determined by sandwich ELISA.
For each marker and each condition, five to 10 rats were used; data are presented as means ± SEM.
The area under the curve (from D-7 to D3) for each marker and each condition was calculated using
R-studio software and is represented in panels (b) (creatinine), (d) (urea), (f) (ASAT), (h) (LDH),
(j) (KIM-1), and (l) (NGAL); lines represent the mean for each condition. The Mann–Whitney test
was used for determining the p values. *: p < 0.05; **: p < 0.01; ***: p < 0.005.
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Figure 2. Histological analysis of kidney sections from both WT and RCS in the Control, SHAM, and I/R groups on day 3 
post-reperfusion. Kidney sections from the Control, SHAM or I/R groups (three days after surgery or reperfusion) were 

Figure 2. Histological analysis of kidney sections from both WT and RCS in the Control, SHAM,
and I/R groups on day 3 post-reperfusion. Kidney sections from the Control, SHAM or I/R groups
(three days after surgery or reperfusion) were stained with PAS coloration; the presence and the
extent of tubular injury were examined and scored under the microscope (x200). Panel (a) represents
the typical structure observed under each condition; the red arrows indicate cellular debris in the
lumen while the black arrows indicate brush border loss; the scale bar represents 100 µm. In panel
(b), the score of tubular injury from five to 13 rats from each condition was averaged and is presented;
lines represent the mean for each condition. The Mann–Whitney test was used for determining the
p values. *: p < 0.05; **: p < 0.01; ***: p < 0.005.
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Figure 3. Kidney and plasma levels of MCP-1 in both WT and RCS rats under control, SHAM, and I/R conditions on day 
1 or day 3 post-reperfusion. In panel (a), kidney tissue lysates from both WT or RCS rats that were not submitted to surgery 
(Control), were submitted to surgery without renal pedicle clamping (SHAM) or were submitted to a 30-min renal pedicle 
clamping followed by three days reperfusion (I/R) were analyzed by western blotting for the presence of the MCP-1 pro-
tein (20 kDa); protein loads are shown at the bottom of each western blot. In panel (b), the intensity of MCP-1 bands was 
normalized to the GAPDH protein and are presented; three to eight rats were used for each condition. In panel (c), plasma 
MCP-1 levels, at 1- and 3-days post-surgery or post-reperfusion, determined by ELISA are presented. The area under the 
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Figure 3. Kidney and plasma levels of MCP-1 in both WT and RCS rats under control, SHAM, and I/R conditions on
day 1 or day 3 post-reperfusion. In panel (a), kidney tissue lysates from both WT or RCS rats that were not submitted to
surgery (Control), were submitted to surgery without renal pedicle clamping (SHAM) or were submitted to a 30-min renal
pedicle clamping followed by three days reperfusion (I/R) were analyzed by western blotting for the presence of the MCP-1
protein (20 kDa); protein loads are shown at the bottom of each western blot. In panel (b), the intensity of MCP-1 bands
was normalized to the GAPDH protein and are presented; three to eight rats were used for each condition. In panel (c),
plasma MCP-1 levels, at 1- and 3-days post-surgery or post-reperfusion, determined by ELISA are presented. The area
under the curve relative to panel (c) was calculated using R-studio software and is represented in panels (d); four to nine
rats were used; lines represent the mean for each condition. The Mann–Whitney test was used for determining the p values.
*: p < 0.05; **: p < 0.01; ***: p < 0.005.

Altogether, data from Figures 3–5 suggest that in RCS rats, the I/R sequence triggered
multiple inflammatory responses ranging from an increase in MCP-1 chemoattractant
expression/release, macrophage/neutrophil phagocytic cells recruitment and the activation
of NETosis. These results show that the absence of functional MerTK has little impact on the
plasma expression of the MCP-1 chemoattractant marker (despite an increase in tissue MCP-
1) or on the CD68-positive phagocytic cell recruitment in renal tissue or on the expression
of activated macrophage/neutrophil markers. Therefore, the possible implication of MPs
(as apoptotic targets) in this model was further investigated.

2.3. Effects of Renal I/R on MP Levels and Monocyte Phagocytic Activity in WT and RCS Rats

We next conducted flow cytometer experiments with an aim to detect and charac-
terize MPs in Platelet Poor Plasma (PPP) following the I/R sequence. We used a variety
of antibodies to determine the cellular origin of these MPs: CD61 for platelets (PMPs),
CD54 for endothelial cells (EMPs), and CD45 for leukocytes (LMPs). Figure 6a illustrates
how using a mix of beads of defined sizes, a size/granulometry gate was determined to
locate MP populations (Figure 6a). This gate was used throughout our study (Figure 6b).
Figure 6c,d, showed that as compared to the SHAM subgroup, three days post the I/R
sequence, a significant decrease in the Annexin-V positive MPs level was observed in RCS
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but not in WT rats. As illustrated in Figure 6e,f, the PMP level showed no significant
variations between RCS and WT under all the experimental conditions (control, SHAM,
I/R). Figure 6g,h showed that for RCS but not for WT rats, the I/R sequence led to a
substantial decrease in EMPs levels. Figure 6i,j showed that the I/R sequence led to a
decrease in LMP levels in RCS but not in WT rats. For the levels of total MPs, PMPs, EMPs,
and LMPs, there were significant changes between the post-surgery groups (SHAM and
I/R) and the pre-surgery groups (Control). Interestingly, under the I/R condition, the LMP
levels seemed more pronounced in WT as compared to RCS rats.
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Figure 4. CD68-positive leukocyte recruitment within the kidney following the I/R sequence in both
WT and RCS rats on day 3 post-reperfusion. Panel (a) represents typical structures observed by
immunohistology analysis of kidney sections from the Control, SHAM or I/R groups in both WT and
RCS rats on day 3 post- surgery or post-reperfusion using a monoclonal anti-CD68 antibody. The red
arrows indicate CD68-positive leukocytes; the scale bar represents 100 µm. Panel (b) represents the
numbers of CD68-positive cells scored under the microscope (×200); three to five rats were used for
each condition. In panel (c), kidney tissue lysates from both WT or RCS rats that were not submitted
to surgery (Control), were submitted to surgery without renal pedicle clamping (SHAM) or were
submitted to a 30-min renal pedicle clamping followed by three days of reperfusion (I/R) were
analysed by western blotting for the presence of the CD68 protein (25 kDa); GAPDH protein bands
are shown at the bottom of each western blot (representative western blot). In panel (d), the intensity
of CD68 bands normalised to the GAPDH protein are presented using 4–7 rats for each condition;
lines represent the mean for each condition. The Mann–Whitney test was used for determining the
p values. *: p < 0.05; **: p < 0.01; ***: p < 0.005.

The data above demonstrated that the renal I/R sequence led to an inflammatory
response and to macrophage/neutrophil recruitment in both WT and RCS. Therefore, we
studied the phagocytic activity of monocytes, isolated from blood collected from RCS or WT
rats, towards apoptotic bodies (characterized by Annexin-V expression). Apoptotic bodies
were derived from cultured NRK-52 cells that were exposed to H2O2 to mimic oxidative
stress conditions. The percentage of monocytes that internalized apoptotic bodies was
analyzed by flow cytometry and is expressed as monocyte phagocytosis activity (Figure 7a)
and was also visualized by confocal microscopy (Figure 7b). Monocytes derived from
RCS or WT rats exhibited phagocytic activity towards NRK-52 cell apoptotic bodies with
a similar efficiency (7.77% for RCS and 7.73% for WT). In confocal microscopy analysis,
monocytes were labelled with fluorescent (red) anti-CD45 antibody, and their ability to
bind or internalize fluorescent (orange) labeled NRK-52 apoptotic bodies was visualized
with CMF-DA tracker (green). Confocal microscopy analysis depicted in Figure 7b confirms
that monocytes derived from RCS or WT rats were able to bind to and phagocytize NRK-52
apoptotic bodies. In our model under our experimental settings, the absence of a functional
MerTK receptor did not seem to significantly impact the leucocyte phagocytosis capacity.
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Figure 5. Renal tissue MPO, H3a, and iNOS protein expression in both WT and RCS rats under Control, SHAM and I/R
conditions on day 3 post-reperfusion. Kidney tissue lysates from both WT or RCS rats that were not submitted to surgery
(Control), were submitted to surgery without renal pedicle clamping (SHAM) or were submitted to a 30-min renal pedicle
clamping were analysed by western blotting on day 3 post-surgery or post-reperfusion (I/R) for the presence of MPO
(59 kDa) panel (a), H3a (75 kDa) panel (c) or iNOS (130 kDa) panel (e). GAPDH protein bands are shown at the bottom of
each western blot (representative western blots). In panels (b,d,f), the intensity of MPO, H3a or iNOS bands normalized to
the GAPDH protein are presented; lines represent the mean for each condition. Statistical analysis of data from five to nine
rats for each group was performed using the Kruskal–Wallis test followed by Dunn’s test. The Mann–Whitney test was
used for determining the p values. *: p < 0.05; **: p < 0.01; ***: p < 0.005.
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Figure 6. Identification of plasma MPs by flow cytometry in both WT and RCS rats under Control,
SHAM, and I/R conditions on day 1 post-reperfusion. Panels (a,b) illustrate the use of Megamix-plus
SSC for the settings of MP quantification by FACS analysis using a BDVerse flow cytometer. The
characterization of total MPs (Annexin-V positives) from platelet-poor plasma (obtained at the control
time, on day 1 after surgery without ischemia (SHAM), and on day 1 after I/R) was performed by
FACS analysis and is illustrated in panel (c). The characterisation of cell-specific MPs was performed
using annexin-V labelling in combination with anti-CD61 antibody for platelets MPs (PMPs). Panel
(e), anti-CD54 antibody for endothelial MPs (EMPs) Panel (g) or anti-CD45 antibody for leukocytes
MP (LMPs) Panel (i). For each condition, the concentration of MPs per µL of plasma was determined
from four to 10 samples and is represented in panels (d,f,h,j); lines represent the mean for each
condition. The Mann–Whitney test was used for determining the p values. *: p < 0.05; **: p < 0.01;
***: p < 0.005.
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Figure 7. In vitro phagocytosis activity of monocytes isolated from both WT and RCS rats. Apoptotic
bodies were obtained from cultured rat kidney cells (NRK-52 cells) that were exposed to 100 µM
H2O2 for 3 h. NRK-52 cell apoptotic bodies were labelled with CMF-DA green tracker and used
in the phagocytosis assay. Monocytes isolated from WT or RCS rat blood samples were exposed
to NRK-52 cell apoptotic bodies or to fluorescent latex beads (positive control) for 9 h. Monocytes
were then labelled with fluorescent (red) anti-CD45 Phycoerythrin (PE) antibody, and their ability to
bind or to internalize NRK-52 cell apoptotic bodies or fluorescent latex beads was analysed by flow
cytometry using an FACS BD Acuri C6 in panel (a) (six rats for each condition, lines represent the
mean for each condition) or by confocal microscopy using an Olympus FV1000 confocal microscope
in panel (b) (four rats for each condition). In parallel experiments, 2 µm fluorescent latex beads were
used to visualise the ability of monocytes to bind or internalize latex beads and are represented in (b).
Scale bars represent 10 µm.
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3. Discussion

The renal I/R sequence, which occurs during renal transplantation, leads to oxidative
stress, cell death, and to an acute inflammatory cascade characterized by the release of
many inflammatory molecules and the recruitment of inflammatory/phagocyte cells at the
site of tissue injury [12]. Repair mechanisms including anti-inflammatory molecule release,
leucocyte recruitment, and phagocytosis of MPs or cell debris may contribute to hemostatic
recovery. Several animal models and numerous experimental set-ups were developed for
studying renal I/R. However, no single animal model or experimental set-up enables us
to study at once all the physio-pathological aspects of renal I/R. Therefore, additional
studies with animal models evaluating novel parameters may contribute towards a better
understanding of the molecular and cellular mechanisms underlying tissue injury and
repair during renal I/R.

The tyrosine kinase receptor MerTK is involved in several pathophysiological events
among which the negative regulation of inflammation and the activation of phagocytosis
are the major ones [23,24,26,36,37]. The efficient clearance of apoptotic cells is essential to
maintain tissue homeostasis. In particular, this clearance mechanism could help to reduce
the development of lesions following persistent injury/inflammation [38]. Therefore, we
legitimately hypothesized possible roles of MerTK in regulating some renal I/R-related
events and undertook the present study to ascertain such a hypothesis. RCS rats in which a
natural mutation of the MerTK receptor gene leads to an inactive truncated MerTK protein
are well characterized for a defect of phagocytosis leading to retinal degeneration [32,34,35].
The use of RCS rats as an experimental model for studying the impact of MerTK in renal
I/R has not been reported as yet.

In the present report, using for the first time the RCS rat experimental model for
studying renal I/R, we investigated major aspects of renal I/R by monitoring changes
in plasma- and/or renal tissue- levels of several markers of kidney function and damage
such as creatinine, urea, LDH, ASAT, NGAL, and KIM-1. We also quantified the levels of
key players of the inflammatory process such MCP-1 and TNF-α, and we examined the
recruitment within the renal tissue of CD68-positive inflammatory cells as well as changes
in the tissue level of markers of NETosis such as H3a and MPO. Since changes in MPs levels
may reflect both the extent of cell damage (production of MPs) or the activation of repair
mechanisms (phagocytosis of produced MPs), in parallel complementary experiments, we
also investigated possible changes in the plasma levels of total-, platelet-, endothelial- or
leucocyte-derived MPs. Furthermore, we set up in vitro phagocytosis assays and monitored
the ability of blood-isolated monocytes from WT or RCS rats to phagocytize renal cell
apoptotic bodies.

Creatinine and urea levels increased 24 h post-reperfusion in rats but dropped to near
baseline on the third day post-reperfusion, suggesting that the renal I/R sequence caused
impaired renal function within 1 day followed by a recovery within three days. LDH
and ASAT plasma levels followed a similar pattern to that of creatinine and urea. LDH
is released from dead cells, and ASAT is an enzyme of the renal tubular epithelial cells,
which is released after cellular damage [39]. Therefore, the LDH and ASAT plasma level
pattern of the I/R groups suggest a substantial increase in cell damage and necrosis one
day post-reperfusion and cell recovery three days post-reperfusion. It should be noted
here that an increase in the LDH and ASAT plasma level was also observed in the SHAM
groups, but this increase was much lower than that of the I/R groups, thereby confirming
that surgery by itself without clamping causes some tissue attrition and cellular damage.
NGAL levels increased on day 1 post-reperfusion, and this increase was sustained three
days post-perfusion. NGAL is considered a marker of cell stress produced by live dam-
aged tubular epithelial cells and by activated neutrophils but not by necrotic cells [39].
Compared to other markers such LDH or ASAT, data relating to NGAL levels provide
additional information, suggesting that following the renal I/R sequence, cellular stress
was sustained three days post-reperfusion. KIM-1 blood levels increased in the I/R sub-
groups one day, and to a greater extent, three days post-perfusion. KIM-1 is expressed
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by epithelial cells of proximal tubules where it may act as a putative receptor for PS that
may contribute to the phagocytic activity of epithelial cells. Oxidative stress activates some
metalloproteinases that in turn cleave KIM-1, releasing its ectodomain that can then be
detected in the plasma [40]. Therefore, the sustained increase of the KIM-1 plasma level we
observed in the I/R subgroup may be part of the repair process of renal lesions.

In addition to biomarker assays, histological analyses revealed diffuse proximal tubule
lesions that affected up to 50% of the kidney tissue. Proximal tubules appeared to be the
most affected regions, most likely owing to their limited ability to undergo anaerobic
metabolism following oxygen depletion [41]. Histological analyses are in agreement
with biomarker assays as the renal I/R sequence may lead to increased cell death and
accumulation of apoptotic bodies that together with a defect in phagocytosis activity may
obstruct the lumen of the tubules and consequently impair renal function (Creatinine and
Urea). Finally, as depicted in Figures 3 and 4, the absence of a functional MerTK receptor
did not affect the trend but changed the extent of the I/R-induced changes in the plasma
levels of some markers such as creatinine and LDH and in renal histological damage.

We next investigated possible changes in the levels of key players of the inflammatory
process during the I/R sequence and how these levels may be influenced by MerTK. One
important consequence of I/R is monocyte/macrophage infiltration into the injured renal
tissue. This infiltration of these phagocytic cells is induced by chemotactic factors produced
by injured cells, a major key one is MCP-1, which is a potent chemoattractant protein for
monocyte recruitment [42]. The I/R sequence led to a decrease in the expression level
of MCP-1 and TNF-α (supplementary data online, Supplementary Figure S2) in renal
tissues. However, MCP-1 plasma levels substantially increased one day, and to a greater
extent, three days post-I/R, suggesting that renal cells stored and then released MCP-1
after injury. MCP-1 acts by attracting leukocytes to the site of injury and by amplifying the
pro-inflammatory loop, in particular via the stimulation of TNF-α production [43,44]. The
TNF-α plasma levels could not be quantified as they were below our detection threshold
(picograms); supplementary data online, Supplementary Figure S2. Previous studies
showed that in rats, TNF-α kidney levels increased during the first 2 h and then decreased
at 4 h post-reperfusion, whereas its serum levels peaked 1 h post-reperfusion but were
almost nil after that [45].

Since I/R increased the plasma levels of the chemoattractant MCP1, we evaluated the
macrophage/neutrophil CD68-positive recruitment into the renal tissue. Our study also
demonstrates both the recruitment within the renal tissue of CD68-positive macrophages
and neutrophils and the presence of significant renal histological lesions 1 or 3 days
post-reperfusion. Our observations are in agreement with previous reports [46,47] and
may reflect the requirement within the injured tissue for phagocyte recruitment to clear-
up apoptotic bodies and cell debris [38]. Furthermore, our study revealed that the I/R
sequence triggered an increase in H3a and MPO levels, suggesting the presence within the
renal tissue of activated neutrophils and NETosis [48].

In a second part of our work, we quantified total MPs as well as platelet- (PMPs),
endothelial- (EMPs) and leucocyte- (LMPs) derived microparticles in the plasma. We
did not observe consistent changes in the level of any of the types of MPs between the
various groups and sup-groups studied while previous studies in other experimental
models reported significant increases in several MP types following I/R [19,49,50]. Such an
apparent discrepancy may be accounted for by differences between some parameters used
in the present study as compared to previous ones. These parameters include the animal
models used, the duration of the Ischemic phase, the duration post-reperfusion after which
blood samples were collected, as well as the cellular origin of the MPs studied.

Finally, we completed our study by several in vitro phagocytosis assays with an aim to
evaluate the ability of blood-isolated monocytes (phagocytes) derived from WT or RCS rats
to phagocytose NRK-52 cell apoptotic bodies (substrates). For these in vitro phagocytosis
assays, we chose to derive apoptotic bodies from the rat kidney epithelial cell line NRK-
52 to consider both species and tissue specificity. We chose to expose NRK-52 cells to
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H2O2 to derive apoptotic bodies to mimic oxidative stress that may occur during the renal
I/R sequence. To set-up this assay, we first conducted preliminary kinetic experiments
that enabled us to choose 9-h exposure of isolated monocytes to apoptotic NRK-52 cell
bodies as the best duration for a compromise between maximal phagocytosis activity and
maximal monocyte survival. In terms of phagocytosis activity, our in vitro phagocytosis
assay did not show significant differences between monocytes isolated from WT or RCS
rats. It should be noted here that since we aimed at being the closest possible to in vivo
conditions, unlike other studies [24], we conducted this phagocytosis assay in the absence
of any exogenous addition of MerTK ligand protein S. Nevertheless, exogenous addition
of MerTK ligand protein S may be necessary in vitro phagocytosis assay for revealing the
extent of MerTK implication in the phagocytosis process. Such an approach may be used
in future studies but is beyond the scoop of the present report.

In our RCS rat experiment model and under our experimental settings, the absence of
a functional MerTK receptor did not affect the trend but impacted the extent to which the
levels of some markers of renal injury, function, and inflammation changed following the
I/R sequence. Several hypotheses may explain why the lack of a functional MerTK receptor
did not lead to drastic differences between WT and RCS rats following I/R sequences.

First, the absence of functional MerTK may be compensated by the two other members
of the TAM receptor family: Axl and Tyro3. Seitz et al. showed that Axl and Tyro3 are
critical for the ingestion of apoptotic bodies by dendritic cells (DCs) or macrophages [51].
Axl−/−, Tyro3−/−, and Axl−/− Mer−/− macrophages had ∼40–50% reduction in their abil-
ity to phagocytose apoptotic thymocytes. They suggested that interactions between Tyro3,
Axl, and MerTK that may form heterodimers occur in macrophages and may be important
for their phagocytosis activity [51]. Cell- and organ-type specificity seems to be delineated
for phagocytosis activity. Indeed, Mer−/− DCs cells did not demonstrate a significant
reduction in the phagocytosis of apoptotic thymocytes, whereas Axl−/−, Tyro3−/−, and
Mer−/− presented a severe deficit in this process [51]. In vitro experiments demonstrated
that Mer−/− macrophages had a dramatic deficit in phagocytosis of apoptotic thymocytes,
but interestingly no significant difference was observed in term of the binding capacities
of apoptotic thymocytes by macrophages from wild-type or Mer−/− mice. Moreover, a
similar phagocytosis activity towards latex beads or opsonized particles by wild-type or
Mer−/− macrophages was reported [52].

Second, TAM receptor expression is influenced by macrophage polarization [53].
During monocyte to macrophage differentiation, MerTK expression is upregulated while
Tyro3 levels remain unchanged [53]. MerTK expression seems to be higher in macrophages
M2-like (anti-inflammatory/immunosuppressive phenotype) than in unstimulated or
M1-like macrophages [54,55]. There is also a decrease in the anti-inflammatory IL-10
cytokine level and an increase in inflammatory cytokines IL-12 and IL-6 levels in Mer−/−

mice, yielding a more M1-like macrophage phenotype [55]. Renal ischemia reperfusion
induces iNOS-positive proinflammatory (M1) macrophage recruitment in the first few
days after reperfusion, whereas macrophages M2-like recruitment predominates at later
reperfusion [56]. In our study, we observed an increase in iNOS, which could be in
association with a pro-M1 phenotype and consequently a lower MerTK expression. The
use of Mer−/− DCs or blocking antibodies against MerTK failed to show inhibition of
NF-κB activation, suggesting the existence of cross talk or feedback mechanisms between
distinct signaling cascades downstream of MerTK regulating phagocytosis and cytokine
production [57,58].

The receptor tyrosine kinase MerTK is a major player in both phagocytosis and the
negative regulation of pro-inflammatory signaling pathways [36,37,51,59,60]; its possible
roles in renal I/R model have not been investigated. Using RCS rats, we developed a
renal I/R model that required determining optimal durations of bilateral kidney ischemia.
The durations usually used (45 min, 1 h) for other rat strains such as Wistar and Sprague
Dawley [61–63] lead to a very high percentage of animal mortality. Hence, we conducted the
present study with an ischemia duration of 30 min. The effects of I/R were determined on
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day 1 and day 3 post-reperfusion. It would be interesting to determine in future studies the
level of some markers at earlier reperfusion times. For instance, a hepatic I/R study showed
an increase in MP levels at earlier times ranging from 1 h to 4 h post-reperfusion [19].

4. Materials and Methods
4.1. Animals

We used Royal College of Surgeons rats characterized by inherited retinal degen-
eration that starts at about three weeks of age as retinal pigment epithelial cells fail to
phagocytose shed photoreceptor epithelial cells. A causative gene rdy (retinal dystrophy)
was identified as a recessive mutation affecting the MerTK gene that models autosomal
recessive disease [31,32]. RCS rats are rdy−/− while wild type (WT) are rdy+/+. Dystrophic
pigmented RCS is referred to here as RCS, and the age-matched non-dystrophic control
is referred to here as WT. RCS and WT rats were graciously donated by Dr. E. Nandrot
(Institut de la Vision, 17 rue Moreau 75,012 Paris, France) [31] and were bread within our
animal facility.

Male rats (12–14 weeks old) weighing 240 and 300 g were used randomly in all experi-
ments. Animal care and experiments were conducted in accordance with the guidelines of
the French Agriculture and Forestry Ministry (decree 87849) and of the European Commu-
nities Council Directive (86/609/EEC) and were approved by the local ethics committee
(COMETHEA: CE2012-06).

4.2. Ischemia-Reperfusion Bilateral Kidney Injury

Two experimental groups were set up: RCS rats (RCS rdy−/− not expressing a func-
tional MerTK receptor) and WT rats (expressing functional MerTK) [31,32]. Each group
was composed of three subgroups with a minimum of five rats per subgroup. subgroup
1: Control D0 (healthy animals), subgroup 2: I/R D3: 30-min ischemia (by clamping the
renal pedicle) with three days of reperfusion, and subgroup 3: SHAM D3: surgery with
an identical protocol to the group 2 but without renal pedicle clamping, with three days
of reperfusion.

Rats were anesthetized (4% isofluorane for induction and 2% for maintenance). After
flank incision, renal pedicles were clamped using micro serrefines (Fine Science Tools,
18055-03, Heidelberg, Germany) for 30 min and then released. The 30′ ischemia duration
was determined from preliminary experiments as the duration sufficient to induce kidney
injury with severe injuries but with minimal mortality for RCS rats. Collection of blood
in Lithium Heparin Tubes (BD Vacutainer, Pont de Claix, France) was performed from
the caudal vein seven days before ischemia and one day after reperfusion for biomarker
evaluation or phagocytosis test. Three days post-reperfusion, blood was collected in lithium
heparin tubes and citrate tubes and kidneys were removed before euthanasia.

4.3. Soluble Biomarker Evaluation

Plasma creatinine, plasma urea, plasma LDH, and plasma ASAT were measured
seven days before the surgery, and on days 1 and 3 post-surgery to assess renal function
and injuries, using the Cobas C701 automatic analyzer (Roche Diagnostic, Basel, Switzer-
land). TNF-α (RTA00), MCP-1 (DY3144-05), NGAL (DY3508-15), and KIM-1 (DY3689-15)
soluble proteins were quantified in plasma by sandwich ELISA (all from R&D Systems,
Minneapolis, MI, USA) according to the manufacturer’s instructions.

4.4. Western Blot Analyses

Kidney sample were homogenated and incubated in RIPA Buffer (50 mM Tris HCl
pH 7.4, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM EGTA,
5 mM EDTA) (Euromedex, Souffelweyersheim, France) with phosphatase and a protease
inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA) for 1 h at 4 ◦C. Cell lysates were
centrifuged at 9000× g for 15 min at 4 ◦C, and the supernatants were collected and mixed
with loading buffer (Tris HCl 50 mM, SDS 70 mM, Glycerol 20%, Bromophenol Blue 1.5 mM,
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pH 6.8) and heated to 95 ◦C for 10 min. The proteins were then loaded in a 4–15% gradient
polyacrylamide gel (Bio-Rad, 5678084, Hercules, CA, USA). The proteins were transferred,
at 25 V for 7 min, on a PVDF membrane (Bio Rad, Hercules, CA, USA) via a Trans-Blot
Turbo Transfer System (Bio-Rad, Hercules, CA, USA). This membrane was then saturated
in a solution of TBS (TRIS-buffered saline; 250 mM Tris-base, pH 7.4, 1.37 M sodium
chloride, 27 mM KCl)-tween 0.1% with non-fat dry milk or bovine serum albumin (BSA)
(Supplemental Table S1) and incubated with primary antibody (Supplemental Table S1)
overnight at 4 ◦C. The membrane was then washed five times in TBS-tween 0.1% for 10 min.
The proteins recognized by the secondary antibody (Supplemental Table S1) were revealed
by bioluminescence using a Luminata solution (Millipore, WBLUF0100, Burlington, MA,
USA) with the Bio Rad ChemiDoc MP Imaging System. The relative protein level was
normalized to the GAPDH (Glyceraldehyde-3-phosphate dehydrogenase) protein using
the ChemiDoc software Image Lab (Bio-Rad, Hercules, CA, USA).

4.5. Identification/Quantification MPs

Platelet-poor plasma (PPP) was obtained from blood by two successive centrifugations
at 2500× g, 20 ◦C, for 15 min. At each time, the pellet was removed, and the supernatant
was collected and stored at−80 ◦C. The detection of MPs was performed by flow cytometry
using the following commercially available antibodies: anti-Mouse/Rat CD61-PE (BioLe-
gend, 104307, 0.2 mg/mL, San Diego, CA, USA), anti-Rat CD54-PE (BioLegend, 202405,
0.2 mg/mL, San Diego, CA, USA), and anti-Rat CD45-V450 (BD Biosciences, 561587,
0.2 mg/mL, Pont de Claix, France), which were used as respective specific anti platelet-
derived MPs (PMPs), anti-endothelial-derived MPs (EMPs), and anti-leukocyte-derived
MPs (LMPs). For each sample, anti-Mouse/Rat CD61-PE, anti-Rat CD54-PE, and anti-Rat
CD45-V450 were used separately in distinct tubes. Their control isotype antibodies (Bi-
oLegend, 400907; REF isotype control CD54, San Diego, CA, USA; BD Biosciences, 561504,
Pont de Claix, France) were used in parallel experiments to estimate non-specific signals;
30 µL of PPP was incubated with 10 µL Annexin-V-FITC (BD Biosciences, 556419, Pont de
Claix, France) and 10 µL of antibodies prediluted (anti-Mouse/Rat CD61-PE: 1/20; anti-Rat
CD54-PE: 1/10; anti-Rat CD45-V450: 1/20) for 30 min in the dark at room temperature.
After incubation, 500 µL of Annexin-V buffer (BD Bioscience, 556454) with 2 ATU/mL
Hirudin (Sigma-Aldrich, H0393-100UN, St. Louis, MO, USA) and 30 µL MP Count Beads
(Stago, 01169, Asnières-sur-Seine, France) were added. The microparticles were detected
using a BD FACS Verse flow cytometer (BD Biosciences, Pont de Claix, France) equipped
with three lasers at 405, 488, and 633 nm (configuration 4-2-2).

Prior to PPP acquisition, the cytometer was calibrated using a mix of fluorescent
beads of different diameters, selected to cover a major part of the theoretical MP size range
(0.1 to 1 µm), using SSC as a size-related parameter (Megamix Plus-SSC, Biocytex, Mar-
seille, France) (Figure 6b). Bead acquisition according to the manufacturer’s instructions
allows setting the cytometer to study MP within a constant size region. This size MP gate
(Figure 6a) was applied during the analysis of cell-specific MPs (Figure 6c,e,g,i). Each PPP
was acquired in the presence of MP Count Beads to determine the concentration of MPs.
An unlabeled sample was acquired to detect the sample auto-fluorescence and set the
negative population. The use of multiple fluorochromes in one acquisition may cause their
waveforms to overlap of their emission waves. Fluorescent cross-talk was controlled by
compensation adjustment. Compensation settings were established by acquiring single-
color stained tubes. The use of the isotype control allows us to detect unspecific stained
samples. Figure 6c,e,g,i show an example of the analysis of cell-specific MPs. The number
of double-positive MPs was determined to deduce the concentration of this population in
the PPP. The analyses were performed using FlowJo v10 software.

4.6. Histopathology Analyses

Kidneys were collected and immediately fixed in 4% formol, embedded in paraffin,
and sectioned at 3 µm thickness. Histological Periodic-acid-Schiff (PAS) coloration was
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performed to evaluate tubular injury [64]. Several criteria were assessed: tubular dilatation,
tubular necrosis, interstitial inflammation, cell detachment, loss of brush border, intra-
cellular oedema, and exposed basal membrane. All criteria followed an injury scale of
1 to 5: 1 (no damage), 2 (damage affecting less than 10% of the whole kidney section),
3 (damage affecting 25% of the whole kidney section), 4 (damage affecting 50% of the
whole kidney section), and 5 (damage affecting 75% or more of the whole kidney section).
For immunohistochemistry, the sections were heated for 30 min at 100 ◦C in Tris-EDTA
buffer (Tris 1.21 g/L; EDTA 0.37 g/L, tween 0.3%, pH 9) for antigen retrieval. Then the
immunohistological staining was performed using the monoclonal mouse anti-CD68 anti-
body (Bio-Rad; MCA341GA, Hercules, CA, USA). Examination and quantification were
performed using Leica DM4000 B LED with a “Leica DFC 295” camera and the associated
“Leica Application Suite” software for imaging in a blinded fashion.

4.7. Phagocytosis Test In Vitro

Phagocytosis of CMF-DA-labeled apoptotic NRK-52 cells by blood monocytes from
RCS and WT rats was assessed by flow cytometry and a confocal microscope. CMF-DA
(5-chloromethylfluorescein diacetate) (Abcam; ab145459, Cambridge, United Kingdom)
is a dye that freely crosses cell membranes and is then processed and retained within the
cell. Briefly, CMF-DA-labeled apoptotic NRK-52 cells were obtained by incubating NRK-52
with DMEM containing 5 µM CMF-DA for 30 min at 37 ◦C. Then, cells were incubated with
DMEM containing Fetal Bovine Serum (FBS) 2% containing sodium bicarbonate 1% + H2O2
100 µM to induce apoptosis induced by oxidative stress. Blood monocytes were isolated
from WT and RCS rat blood. Red blood cells were lysed with lysis buffer (NH4Cl0.15 M;
KHCO3 10 mM; Na2EDTA; 0.1 mM; pH 7.2–7.4). After centrifugation at 400× g for 5 min,
the blood leukocyte pellet was seeded in a 1% gelatin flask and incubated overnight at
37 ◦C and 5% CO2. The next day, the flask supernatant (containing non-adherent cells)
was removed and the flask was washed several times with 1X Phosphate Buffer Saline
(PBS) to remove the remaining red blood cells and lymphocytes, leaving only adherent
cells (monocytes) on the flask. For phagocytosis assay, CMF-DA-labeled apoptotic NRK-52
cells were exposed to blood monocytes (collected from healthy animal WT and RCS):
target ratio 1:5 with RPMI FBS 10% for 9 h at 37 ◦C. At the end of the phagocytosis assay,
monocytes were collected and labeled with a phycoerythrin anti-CD45 (BioLegend; 202207,
San Diego, CA, USA) and incubated in 2 mg/mL trypan blue (Invitrogen) to quench the
fluorescence of surface-bound non-engulfed fluorescent material. Results were examined
using an FACS BD Acuri C6 (BD Biosciences, Pont de Claix, France) and analyzed using
FlowJo Software. The percentage of monocytes that had CMF-DA corresponded to cells
that had ingested labeled NRK-52 apoptotic fragments. We used compensation and FMO
controls for the flow experiment as described in Supplementary Figure S3. For confocal
microscopy, the phagocytosis assay was performed on a slice. Monocytes were labeled with
a phycoerythrin anti-CD45 and examined using an Olympus FV1000 confocal microscope.
As a positive control, 2 µm fluorescent beads were used.

4.8. Statistical Analysis

The data were presented as the mean ± SEM using R-studio software. Statistical
analyses, involving more than two groups, were performed using the Kruskal–Wallis
test followed by Dunn’s test to obtain a comparison between each group. For statistical
analysis between two groups, the Mann–Whitney test was used. Significant differences
were p > 0.05: ns (not significant); p < 0.05: *; p < 0.01: **; p < 0.005: ***.

5. Conclusions

In conclusion, the present report describes the development of a renal I/R model for
the RCS rat strain with the monitoring of a wide range of renal function, renal tissue, and
plasma markers that paves the way for further investigation of MerTK- dependent events
in renal tissue injury and repair mechanisms.
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DCs Dendritic cells
EMPs Endothelial-derived microparticles
FACS Fluorescence-activated single cell sorting
H3A Histone 3A
IL Interleukin
iNOS inducible nitric oxide synthase
I/R Ischemia-reperfusion
KIM-1 Kidney injury molecule -1
LDH Lactate dehydrogenase
LMPs Leukocyte-derived microparticles
MCP-1 Monocyte chemoattractant protein-1
MPs Microparticles
MPO Myeloperoxidase
NET Neutrophil extracellular traps
NGAL Neutrophil gelatinase-associated lipocalin
NO Nitric oxide
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