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Expression of C5a and its receptor following spinal cord
ischemia reperfusion injury in the rat

Q Dong1, L Sun2, L Peng3, B Yan3, J Lv1, G Wang3 and S Gong1

Study design: Experimental study.
Objective: To investigate the expression of C5a and its receptor after spinal cord ischemia reperfusion injury (SIRI) in rat.
Setting: Department of Neurosurgery, the Second Affiliated Hospital, Xi’an Jiaotong University, Shaanxi Province, Xi’an, China
Methods: Sprague Dawley rats were subjected to 1 h of infrarenal aorta occlusion to induce spinal cord ischemia. Spinal cord was
reperfused for 12, 24, 48 h or 3 days separately after ischemia, respectively. Enzyme-linked immunosorbent assay was used to detect
C5a in rat serum. Immunofluorescent staining was performed to detect the expression and cellular localization of C5aR in spinal cord
following SIRI.
Results: Following SIRI, the motor behavior of the rats was significantly compromised. The serum concentration of C5a in the rat was
elevated after SIRI and peaked at 24 h. C5aR was significantly upregulated in the lumbar spinal cord following SIRI and expressed on
motor neurons and the microglia, but not astrocyte. There was no significant difference in the expression level of C5aR localized
on motor neurons after SIRI. Remarkable upregulation of the C5aR may be associated with increased number of C5aR-positive
microglia and elevated cellular expression level.
Conclusion: This study provides the first evidence of the expression of C5a and its receptors in SIRI and suggests their possible
contribution to SIRI in a rat model.
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INTRODUCTION

Spinal cord ischemia reperfusion injury (SIRI) is one of the most
devastating complications encountered in many pathological situa-
tions, such as surgical procedures on thoracoabdominal aneurysms or
the spine. SIRI is mainly contributed by the temporary or permanent
ischemia of the spinal cord due to interruption of the blood supply.1

Although various interventions have been reported to prevent or
retard SIRI, which still remain unpredictable and unpreventable,
current studies suggest that the pathophysiological mechanisms
underlying SIRI are complicated, including calcium overload, oxida-
tive stress, excitotoxicity, neuronal apoptosis and the release of
inflammatory factor.2,3 A series of studies3,4 have revealed that
inflammatory activation has a critical role in the progression of SIRI,
which include glial response and leukocyte infiltration in the spinal
cord. Furthermore, cytokines such as tumor necrosis factor-α
(TNF-α), interleukin (IL)-1, IL-6 and IL-10 are all rapidly produced
in the spinal cord following SIRI.4

The complement system, a major component of the innate immune
system, was constituted by a series of complement components and
involved in the neural development, synapse elimination and matura-
tion of neural networks.5 In addition, in a range of brain or spinal
cord pathogenesis, including ischemia reperfusion injury (IRI) or
stroke, traumatic brain injury and spinal cord injury, rapid disruption

of neuronal homeostasis potently triggers complement activation.6 It
then produces large amounts of anaphylatoxins C5a, which regulates
the immune activation and takes part in other pathophysiological
processes via binding with C5a receptor (C5aR) specifically.
Recent studies have shown that the C5a-C5aR signaling pathway

was activated in a few central nervous system (CNS) diseases,
including CNS inflammation,7 neurodegeneration8,9 and acute CNS
injuries.10–12 Clinical and experimental studies have also discovered
that C5a had an important role in IRI of many organs, including gut,
kidney, limb and liver.13 In the spinal cord, C5aR has been
demonstrated to be expressed by neurons and glia cells.9 However,
little is known about the involvement of C5a and its receptors during
the pathogenesis after an ischemic insult of the spinal cord. In the
present study, we investigated the spatial-temporal expression profile
of C5a and its receptor CD88 following SIRI in the rats, which will be
of great benefit for our understanding the mechanism of the
complement involvement in SIRI.

MATERIALS AND METHODS

Experimental protocol
A total of 54 male Spraque Dawley rats weighing 250–300 g were obtained from
the Animal Center of Xi’an Jiaotong University, China. The animals were
randomly divided into the sham-operated group (sham group, n= 9), ischemia
group (I group, n= 9) and ischemia reperfusion group (IR group, n= 36).
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According the time of reperfusion, the IR group was divided into the IR12h
group (n= 9), IR24h group (n= 9), IR48h group (n= 9) and IR3d group
(n= 9). The SIRI model was established according to Zivin’s process.2 Rats
were anesthetized with 0.75% amobarbital sodium (4ml kg− 1) before surgery.
A 2.0-cm-long midline abdominal incision was made under aseptic conditions
and ischemia was induced by clamping a nontraumatic vascular clip on the
abdominal aorta ~ 0.5 cm below the left renal pedicle for 1 h. After removal of
the clamp, the blood supply of spinal cord was restored. The wound was closed
and 0.25% bupivacaine was applied topically for postoperative pain manage-
ment. The neural function of the posterior limbs was evaluated using the Basso,
Beattie and Bresnahan (BBB) score. Hematoxylin and eosin (H&E) staining was
used to confirm the successful establishment of an animal model. Animals with
a satisfied BBB score were killed at each time point indicated before and after
reperfusion. Plasma and the L4-L5 spinal cord were collected for future
analysis.

Enzyme-linked immunosorbent assay for C5a in plasma
Plasma C5a was detected using an ELISA kit for C5a (Dakewei company,
Beijing, China) according to the manufacturer’s specifications. Results are
expressed as nanogram per milliliter (ngml− 1) of plasma protein.

Immunofluorescent staining for C5aR protein expression
L4-L5 spinal cords embedded in optimum cutting temperature compound
(OCT) were sectioned at 10 μm. Fluorescent double labeling was performed to
localize the expression of C5aR on different cell types. Antibodies involved in
this study are as follows: mouse anti-rat MAP-2 (1:500 dilution, Abcam,
Cambridge, MA, USA); mouse anti-rat GFAP (1:500 dilution, Abcam); mouse
anti-rat Iba1 (1:500 dilution, Abcam); rabbit anti-rat C5aR antibody (1:100
dilution, Santa Cruz Biotechnology Inc., Dallas, TX, USA). Sections were
blocked (10% goat serum in phosphate-buffered saline (PBS)) for 30min and
then incubated overnight at 4 °C with appropriate primary antibodies. These
sections were then washed with PBS and incubated with an appropriate alexa
conjugated secondary antibodies: Alexa 488 goat anti-rabbit (1:100 dilution,
Santa Cruz Biotechnology Inc.), Alexa 555 goat anti-mouse (1:100 dilution,
Santa Cruz Biotechnology Inc.) for 1 h at room temperature. Following PBS
rinsing, the sections were incubated for 5 min with 4, 6-diamidino-2-
phenylindole (1:15 000, Santa Cruz Biotechnology Inc.). Immunoglobulin
G-negative controls were also included to determine nonspecific staining. All
sections were mounted in fluorescence mounting medium (Dako, Carpinteria,
CA, USA). Images were captured with a Nikon fluorescence microscope (i90,
Nikon instruments (Shanghai) Co. Ltd, Shanghai, China). This experiment was
repeated in three rats from each group. Five different vision fields of each
section from different groups were analyzed using Image-Pro Plus 6.0 (IPP 6.0,
Media Cybernetics, Inc., Rockville, MD, USA) software and the average optical
densities (OD) were measured.

Statistical analysis
Data were analyzed with SPSS18.0 software (Chicago, IL, USA). One-way
analysis of variance was performed for comparation between groups. Results
were described as mean± s.d. Statistical significance was accepted for Po0.05.
All applicable institutional and governmental regulations concerning the

ethical use of animals were followed during the course of this research.

RESULTS

In order to confirm the successful establishment of the animal model,
H&E staining was performed and revealed significant spinal cord
damages in the IR group. There were significantly more normal
neurons in the anterior horn of the spinal cord in the sham group,
where the multipolar structure of neuron was complete. Axons,
dendrites and nucleus of neurons were clear, and the nucleolus was
located in the center. However, in the IR group, extensive vacuolation,
necrotic changes and pyknotic nuclei of neurons were noticed (data
not shown).

Plasma concentration of C5a was elevated following SIRI
Plasma concentrations of C5a in the IR group were significantly
elevated compared with the sham group (Figure 1) (sham group:
1.24± 0.32 ngml− 1; IR12h group: 2.16± 0.35 ngml− 1, Po0.05;
IR24h group: 3.10± 0.43 ngml− 1, Po0.05; IR48h group: 2.68± 0.38
ngml− 1, Po0.05; IR3d group: 2.44± 0.29 ngml− 1, Po0.05, and
peaked in the IR24h group. However, the elevation of C5a in the
I group did not reach statistical significance. (I group: 1.35± 0.32
ngml− 1, P40.05).

The C5aR expression was upregulated and localized to neurons and
microglia, but not astrocytes
Immunofluorescent staining was carried out to detect the expression
and cellular localization of C5aR in the lumbar spinal cord. C5aR was
mainly expressed on the somas and dendrite of neurons located within
the ventral horn of the spinal cord in rats of both the Sham group and
IR group. After labeling microglia with Iba1, we found that there were
more microglia recruited to injured areas in the spinal cord in the IR
group. Furthermore, there was a gradually increased expression of
C5aR in Iba1-positive microglia in the IR group (Figure 2a). In
addition, we found C5aR present on the somas of neurons (labeled
with MAP-2) located within the ventral horn of the spinal cord in the
sham group and IR group. However, absence of C5aR was observed
on the astrocyte (labeled with GFAP) in the spinal cord (data not
shown). The OD values indicated that C5aR expression level was
significantly higher in the IR group than Sham group and peaked in
the IR24h group (Figure 2b) (Po0.05).

DISCUSSION

In the present study, the expression levels of C5a in plasma and its
receptor in the spinal cord were increased following SIRI of rats, which
indicated that the C5a-C5aR signaling pathway may be activated;
however, the downstream pathway would be investigated in the future.
Our results add further support to the hypothesis that complement
activation may have a role in motor function deficit in SIRI.
The complement system is a pivotal component of the innate

immune system, which protects the host from infection and injury.
Complement proteins can be induced in all cell types within the CNS,
where the signaling pathways seem to have similar roles in host
defense. Complement activation induces the cleavage of C5 and
produces C5a. C5a is regarded as a potent inflammatory mediator,
which recruits and activates immune cells. The primary cellular
receptor for C5a (CD88) has been reported to be expressed on all

Figure 1 Plasma concentration of C5a following SIRI. The plasma
concentrations of C5a in the IR group were gradually significantly elevated
compared with the sham group. *Po0.05 vs the sham group. Data are
presented as mean± s.d.; n=9 per group.
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CNS cells, including neurons and glia, indicating functional roles of
C5a-C5aR signaling pathway in CNS.7 Therefore, complement activa-
tion and the subsequent C5a expression may have a significant role in
the progression of CNS disease.6

It has been demonstrated that C5aR expression was greatly
upregulated on reactive astrocytes and microglia and to a lesser extent
on endothelial cells when inflammation of human CNS was noticed.14

Thus it was proposed that C5aR expression on brain cells has an
important role in cell activation and recruitment.7 In acute CNS
injury, including traumatic brain injury, ischemic stroke, intracerebral

hemorrhage and traumatic spinal cord injury, the upregulation of C5a
and/or its receptor was observed in human samples or animal
models.10–12 Furthermore, human and rodent CD88 expression has
been found on neurons, glia and endothelial cells within the brain and
spinal cord after CNS injury.6 However, expression of C5a and its
receptors in response to SIRI has not been reported yet. In the present
study, the level of plasma C5a was increased at 12, 24, 48 h and 3 days
reperfusion after 1 h ischemia. In addition, the expression of C5aR
protein was significantly increased within the spinal cord of rats in the
IR group and localized to neurons and activated microglia. Somewhat

Figure 2 Immunofluorescent staining of C5aR in the spinal cord following SIRI. There was gradually increased expression of the C5aR (green) with strong
colocalization with Iba1 (red) in spinal cords of the IR group as time of perfusion prolonged. In comparison, there was little expression of C5aR on microglia
in the sham group (a). The OD of C5aR expressions on the lumbar spinal cord of the rats was measured in the three groups and quantified using an image
analysis collection system, which showed consistently increased expression levels of C5aR in IR-group rats (b). *Po0.05 vs the sham group. Scale bar,
25 μm; n=9 per group.
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surprisingly, the C5aR was also found on neurons in the sham group
(data not shown). Therefore, it suggested C5a and its receptor had a
significant role in the progression of SIRI in a rat model, which may
be associated with the increased number of activated microglia and
elevated expression of C5aR.
It has been reported that the inhibition or deficiency of C5aR may

promote the recovery of histological and neurological function in
animals after CNS injuries in recent literature.11,12 Moreover, inhibit-
ing C5a-C5aR signaling with PMX53 also significantly decreased the
infarct volume and improved the neurological function in a mouse
cerebral IR model.11 The protective role of C5aR inhibition has also
been found in IRI of multiple organs. However, the mechanism
remains investigated and probably related to inhibiting inflammation,
including attenuation of tissue or serum TNF-α expression, myelo-
peroxidase activity and the number of infiltrating leukocyte.15–19 It will
be useful to study the underling mechanism of the protective role of
inhibiting C5a-C5aR on SIRI for future clinical application.
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