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Ephrin (Eph) receptors are the largest family of receptor tyrosine kinases (RTKs) and their membrane 
bound ligands, The Eph plays an important role in formation of spines with normal morpholog and 
synaptic plasticity. However, the Eph receptors expression in spinal tissue with spinal cord injury (SCI) 
was unclear to have little regarding molecular studies; thus, the present study aims to investigate 
changes from EphB3 receptors in spinal tissue of rats with injured spinal cord on mRNA level and 
protein level by semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR) and 
western blot, respectively. It was found that EphB3 receptors were significantly up-regulated in SCI 
group in comparison to the control group on mRNA level. On protein level, EphB3 receptors were also 
highly increased in SCI group compared with control group. These results suggested that decreased 
EphB3 expression might also become a potential target in the treatment of SCI in future. 
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INTRODUCTION 
 
Traumatic spinal cord injury (SCI) is still a major clinical 
problem with permanent neurological deficits and 
secondary complications (Emine et al., 2012). It is 
characterized by a total or partial loss of motor and 
sensory functions due to the inability of neurons to 
regenerate. Inhibitory molecular cues of Eph/ephrins, was 
the best known and most intensively studied neurite 
outgrowth inhibitors (Irizarry-Ramírez et al., 2005; Silver 
and Miller, 2004). Previous studies suggest that 
Eph/ephrin molecules of both subclasses regulate bone 
homeostasis (Zhao et al., 2006; Allan et al., 2008; Irie et 
al., 2009). These membranes bound receptor tyrosine 
kinases (RTKs) predominantly function by inhibitory or 
repulsive cellular responses via cell-cell contact; where 
the responses can be mediated through the receptor 
(Cooke and Moens 2006; Mellitzer et al., 1999). 
Therefore, it is  necessary  to  study  Eph/ephrins  and  its 
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receptors in neural regeneration field for control and 
treatment SCI. 

The Eph RTK family is the largest RTK family known. 
Their main characteristic is their ability to mediate cell-cell 
repulsion after binding their ligand to an adjacent cell 
surface (Pasquale, 2008). They play prominent and well-
described roles in the formation and function of excitatory 
synapses (Dalva et al., 2000; Henkemeyer et al., 2003; 
Kayser et al., 2006; Kayser et al., 2008; Murai et al., 
2003).  

The EphB3 receptor subtype is expressed during 
embryonic development and in discrete areas of the adult 
brain, including the cerebellum and hippocampus (Lixin et 
al., 2009). It co-localizes to brain regions with high levels 
of ephrin B (EphB) ligand expression (Klein, 2009), and 
its expression also increases following central nervous 
system injury (Liu et al., 2006), However, EphB3 receptor 
expression change was little report after SCI; thus, in this 
study, we evaluated the EphB3 receptor expression on 
protein and transcript level in spinal tissue of rats with 
injured spinal cord to clarify a reasonable value of EphB3 
receptor in SCI.  
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Figure 1. The mRNA expression of EphB3 receptors at 
different time points in rats from control group and SCI 
group. M, Marker; A, control group; B to E, experiment group 
after SCI at 1, 2, 4 and 8 weeks, respectively.  

 
 
 

MATERIALS AND METHODS 
 
Spinal cord injury 
 
Adult female Sprague-Dawley (SD) rats (200 to 240 g) were 
obtained from Liaoning Medical University Laboratory (Liaoning, 
China). SD rats were randomly divided into control group (n = 8) 
and experiment group (n = 32) after observation of 2 weeks. 
Experiment group were anesthetized with a cocktail of 40 mg/kg 
ketamine, 4 mg/kg xylazine and 0.9 mg/kg acepromazine 
administered by intraperitoneal injection. A dorsal incision was 
made to expose T10 vertebra and a laminectomy was performed, 
leaving the spinal segment exposed. After exposure of the T10 
segment by laminectomy, animals received a moderate contusion 
using the NYU impactor that provides a contusion of 12.5 g cm as 
previously described (Gruner, 1992; Miranda et al., 1999; Irizarry-
Ramírez et al., 2005). Experiment group were randomly divided into 
1, 2, 4 and 8 weeks group after SCI (n = 8 in each group). At the 
same time, control group was divided into four groups (n = 2 in 
each group) according to experiment group. Spine tissues were 
collected from rats in different time. All animal procedures were 
performed in accordance with the National Institutes of Health 
Animal Protection Guidelines and were approved by the Liaoning 
Medical University Committee on Animal Research.  
 
 
RNA preparation and semi-quantitative reverse transcription-
polymerase chain reaction (RT-PCR) 
 
Total RNA was isolated from frozen spinal tissue using TRIzol 
reagent (Invitrogen Corp., Carlsbad, CA) according to the 
manufacturer’s protocol and as described in the online supplement. 
In short, the spinal tissue was ground with mortar and pestle cooled 
by liquid nitrogen of the ground tissue, 100 mg was incubated with 
1 ml TRIzol for 5 min at room temperature (RT). Cell debris was 

removed by centrifugation (12,000  g at 4°C for 10 min) and 0.4 ml 
chloroform was added. After vortexing, the mixture was incubated 
for 5 min at RT. The phases were separated by centrifugation 

(12,000  g at 4°C for 15 min) and the aqueous phase was 

transferred to a new tube. 0.6  volume of isopropyl alcohol and a 

0.1  volume of 3 M sodium acetate were added to this aqueous 
phase and incubated for 10 min at 4°C. The precipitated RNA was 

pelleted by centrifugation (12,000  g at 4°C for 15 min) and after 
the removal of the supernatant, the RNA pellet was washed twice 
with 70% ethanol. After drying, the RNA was re-suspended in 30 μl  
diethylpyrocarbonate (DEPC)-treated water. The quality and 
quantity of the RNA was verified by the presence of two discrete 
electropherogram peaks corresponding to the 28S and 18S rRNA 
at a ratio approaching 2:1. Using mRNA as template, single-
stranded cDNAs were generated by Superscript II reverse 
transcriptase     (Invitrogen)    according   to    the    manufacturer’s  

 
 
 
 
directions. The EphB3 receptor primer sequences were as follows: 
Sense prime: 5′- ACTCCTTTCTACGGCTCAAT-3′; Anti-sense 
prime: 5′- CTCCCACATGACAATCCC -3′.  β-actin (Applied 
Biosystems) served as the internal control. The β-actin primer 
sequences were as follows: Sense prime: 5′- 
CTCCATCCTGGCCTCGCTGT-3′; Anti-sense prime: 5′- 
GCTGTCACCTTCACCGTTCC-3′. The PCR conditions were 94°C 
for 3 min, followed by 30 cycles of DNA amplification (30 s at 94°C, 
30 s at 65°C, and 1 min at 72°C) and 5 min incubation at 72°C. 
PCR products were separated by electrophoresis at a constant 
voltage (2 V/cm) in a 1.2% (w/v) agarose gel. Images were 
captured using a Gel Print 2000i/VGA (Bio Image), and the 
integrated densities value (IDV) was analyzed with computerized 
image analysis system (Motic Images Advanced 3.2). All DNA 
manipulations were performed as described by Sambrook and 
Russell (2001). 
 
 
Western blot 
 
In order to detect protein expression level of EphB3 receptor, 
western blot was performed. The spinal cord tissues were obtained 
from the peri-lesion region at 1, 2, 4 and 8 weeks after SCI. Total 
protein was extracted from fresh spinal tissue using Tissue or Cell 
total protein extraction Kit  (Shengong., Shanghai, China) according 
to the manufacturer’s protocol and as described in the online 
supplement. Bradford protein assay method was used to determine 
the protein concentrations. Total protein extracted (20 µg) was 
boiled at 100°C with loading buffer for 5 min, and then subjected to 
8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE). After electrophoresis, gels were briefly equilibrated in 
transfer buffer, and then transferred onto nitrocellullose 
membranes. Transfer was performed at 70 V for 2 h at 4°C. After 
blocking in 5% Nonfat milk for 1 h, membranes were incubated 
overnight at 4°C with primary antibody (rabbit polyclonal anti-EphB3 
receptor, Santa Cruz, USA) in 0.5% blocking solution. After washing 
with phosphate-buffered saline (PBS), the membranes were 
incubated with secondary antibody (rabbit anti-goat, Qiangen, 
Germany) for 1 h at room temperature, washed again with PBS, 
took photos with film exposures for analysis. The purities of 
cytosolic fraction were confirmed by western blotting using anti-β-
actin antibody as a loading control. Protein levels were quantitated 
by densitometry using Alphalmager Series 2200 software. 
 
 
Statistics analysis 
 
To calculate the statistical differences between the control and SCI 
group, the statistical package SPSS13.0 (SPSS Incorporated, 
Chicago) was used for all analysis. One-way analysis of variance 
(ANOVA) followed by Bonferroni’s post-hoc test were utilized to 
determine the significant difference among multiple groups. 
Student’s t-test was used to determine the significance of 
differences between the groups. All values were expressed as 
mean ± SD. In general, p-values less than 0.05 were considered 
statistically significant. 
 
 
RESULTS 
 
Semi-quantitative RT-PCR analysis of EphB3 receptor 
expression 
 
In order to detect the mRNA expression of EphB3 
receptor in spinal tissue of rats with injured spinal cord, 
RT-PCR  was  conducted.  As  shown    in   Figure  1  and  



 
 
 
 

Table 1. The integrated density value of EphB3 
receptors on mRNA level and protein level at 
different time points in rats from different group 
after transplantation. 
 

Group             mRNA (PCR) Protein (Western) 

Control 0.21 ± 0.02
 

1.01 ± 0.03 

1 Week 1.22 ± 0.04△ 4.96 ± 0.04△ 

2 Week 1.19 ± 0.04△ 4.86 ± 0.06△ 

4 Week 1.25 ± 0.03△ 4.98 ± 0.04△ 

8 Week 1.20 ± 0.04△ 5.02 ± 0.05△ 
 

Different mark represent the significant difference at p 
< 0.05. 

 
 
 

 
 

Figure 2. The protein expression of EphB3 receptors at 
different time points in rats from control group and SCI 
group. A, Control group; B to E, experiment group after SCI 
at 1, 2, 4 and 8 weeks, respectively.  

 
 
 
Table 1, EphB3 receptor mRNA expression levels in SCI 
group were significantly increased at 1, 2, 4 and 8 weeks 
after post injury compared to control group (P < 0.05). 
However, there was no significant difference among the 
group after post injury in different time. These results 
showed that EphB3 receptor expression up-regulate on 
mRNA expression after SCI.  
 
 
Western bolt analysis of EphB3 receptor expression 
 
The western blot was performed to detect protein 
expression of EphB3 receptor after SCI. The result 
showed that EphB3 receptor expression was on a low 
level in the normal group rats (Figure 2). EphB3 receptor 
protein expression levels in each SCI group were 
significantly increased compared to control group (P < 
0.05).   However,   there   was   no   significant  difference  
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among  the  SCI  groups  (Table 1),  which  showed   that 
EphB3 receptor had high expression on protein level for 
long time after SCI. These results comply with the results 
that EphB3 receptor expression increase on mRNA 
expression.  
 
 
DISCUSSION 
 
Eph RTKs and their ligands, Eph, have been implicated in 
the establishment of functional circuits, cell migration, 
and excitatory synapse regulation, actions mediated 
mainly by repulsive activity (Klein, 2009). The pattern of 
expression of Eph and its receptor is complex and 
reflects the diverse functions these proteins play in the 
developing and mature brain (Flenniken et al., 1996; Liebl 
et al., 2003; Migani et al., 2009; Mori et al., 1995). 
However, Eph RTKs and their ligands expression in 
spinal have little report; for these reason, we detect 
EphB3 receptor expression on mRNA level and protein 
level in spinal of normal rats and rats with SCI, and found 
that that EphB3 receptors was significantly up-regulated 
in SCI group in comparison to the control group on 
mRNA level and protein level, which demonstrated that 
EphB3 receptors might play a key role in SCI.  

Previous studies showed that Eph RTKs and their 
ligands are important for the formation of spines with 
normal morphology (Irie and Yamaguchi, 2002; Margolis 
et al., 2010; Penzes et al., 2003; Tolias et al., 2007) and 
synaptic plasticity (Grunwald et al., 2001; Henderson et 
al., 2001). In present study, we found that EphB3 receptor 
had high expression on protein level and mRNA level for 
long time after SCI; therefore, we reckon that EphB3 
receptor might involve in inhibition axis cylinder 
regenerates after SCI, which will depend on further study 
to prove hypothesis. 

In conclusion, we have demonstrated that EphB3 
receptors was significantly up-regulated in SCI in 
comparison to the normal spine tissue of rats, and EphB3 
receptor had high expression on protein level and mRNA 
level for long time after SCI. The current study provides a 
new approach for studying the mechanism underlying the 
pathogenesis of SCI. This study suggests that decreased 
EphB3 receptor expression may be a potential target in 
the treatment of SCI. 
 
 
ACKNOWLEDGEMENTS 
 
This work was supported by Science and Technology 
Research and Innovation Team Fund of Liaoning 
provincial (LT2010062). 
 
 
REFERENCES 
 
Allan EH, Hausler KD, Wei T, Gooi JH, Quinn JM, Crimeen-Irwin B 

(2008).   EphrinB2  regulation  by  PTH   and  PTHrP     revealed    by  



2288          Afr. J. Pharm. Pharmacol. 
 
 
 
molecular profiling in differentiating osteoblasts. J. Bone  Miner. Res. 

23:1170-1181. 
Cooke JE, Moens CB (2002). Boundary formation in the hindbrain: Eph 

only it were simple. Trends Neurosci. 25:260-267. 
Dalva MB, Takasu MA, Lin MZ, Greenberg ME( 2000). EphB receptors 

interact with NMDA receptors and regulate excitatory synapse 
formation. Cell, 103: 945-956. 

Emine AK, Bulent B, Sebnem K, Kamer K (2012). Neuroprotective 
effects of racemic ketamine and (S)-ketamine on spinal cord injury in 
rat. Injury. (In press). 

Flenniken AM, Gale NW, Yancopoulos GD, Wilkinson DG (1996). 
Distinct and overlapping expression patterns of ligands for Eph-
related receptor tyrosine kinases during mouse embryogenesis. Dev. 
Biol. 179:382-401. 

Grunwald IC, Korte M, Wolfer D, Klein R( 2001). Kinase-independent 
requirement of EphB2 receptors in hippocampal synaptic plasticity. 
Neuron 32:1027-1040. 

Henderson JT, Georgiou J, Jia Z (2001).The receptor tyrosine kinase 
EphB2 regulates NMDA dependent synaptic function. Neuron, 32: 
1041-1056. 

Henkemeyer M, Itkis OS, Ngo M (2003). Multiple EphB receptor tyrosine 
kinases shape dendritic spines in the hippocampus. J. Cell Biol. 
163:1313-1326. 

Irie F, Yamaguchi Y ( 2002). EphB receptors regulate dendritic spine 
development via intersectin, Cdc42 and N-WASP. Nat. Neurosci. 5: 
1117-1118. 

Irie N, Takada Y, Watanabe Y, Matsuzaki Y, Naruse C, Asano M (2009). 
Bidirectional signaling through ephrinA2-EphA2 enhances 
osteoclastogenesis and suppresses osteoblastogenesis. J. Biol. 
Chem. 284:14637-14644. 

Irizarry-Ramírez M, Willson CA, Cruz-Orengo L, Figueroa J 
(2005).Upregulation of EphA3 receptor after spinal cord injury. J. 
Neurotrauma 22(8): 929-935. 

Kayser MS, Nolt  MJ, Dalva MB (2008). EphB receptors couple dendritic 
filopodia motility to synapse formation. Neuron. 59:56-69. 

Kayser MS, McClelland AC, Hughes EG (2006). Intracellular and trans-
synaptic regulation of glutamatergic synaptogenesis by EphB 
receptors. J. Neurosci. 26:12152-12164. 

Klein R (2009). Bidirectional modulation of synaptic functions by 
Eph/ephrin signaling. Nat. Neurosci. 12(1):15-20.  

Liebl DJ, Morris CJ, Henkemeyer M, Parada LF (2003). mRNA 
expression of ephrins and Eph receptor tyrosine kinases in the 
neonatal and adult mouse central nervous system. J. Neurosci. Res. 
71:7-22. 

Liu   X, Hawkes E, Ishimaru T, Tran T (2006). EphB3: an endogenous 
mediator of adult axonal plasticity and regrowth after CNS injury. J. 
Neurosci. 26 (12):3087-3101. 

Lixin Q, Sungwoon C, April C (2009).Structure–activity relationship 
study of EphB3 receptor tyrosine kinase inhibitors. Bioorg.  Med. 
Chem. Lett. 19:6122-6126. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Margolis SS, Salogiannis J, Lipton DM, Mandel-Brehm C, Wills ZP 

Greenberg ME (2010). EphB-mediated degradation of the RhoA GEF 
Ephexin5 relieves a developmental brake on excitatory synapse 
formation. Cell 143:442-455. 

Mellitzer G, Xu Q, Wilkinson DG (1999). Eph receptors and ephrins 
restrict cell intermingling and communication. Nature  400:77-81. 

Migani P, Bartlett C, Dunlop S, Beazley L, Rodger J ( 2009). Regional 
and cellular distribution of ephrin-B1 in adult mouse brain. Brain Res. 
1247:50-61. 

Mori T, Wanaka A, Taguchi A, Matsumoto K (1995).Differential 
expressions of the eph family of receptor tyrosine kinase genes 
(sek,elk, eck) in the developing nervous system of the mouse. Brain 
Res. 29:325-335 

Murai KK, Nguyen LN, Irie F, Pasquale EB (2003). Control of 
hippocampal dendritic spine morphology through ephrin-A3/EphA4 
signaling. Nat. Neurosci. 6:153-160. 

Pasquale EB  (2008). Eph-ephrin bidirectional signaling in physiology 
and disease. Cell, 133: 38-52. 

Penzes P, Beeser A, Chernoff J, Schiller MR (2003). Rapid induction of 
dendritic spine morphogenesis by transsynaptic ephrinB-EphB 
receptor activation of the Rho-GEF kalirin. Neuron 37:263-274. 

Sambrook J, Russell DW (2001). Molecular cloning: A laboratory 
manual. 3rd ed. Cold Spring Harbor (NY): Cold Spring Harbor 
Laboratory Press, pp.132-150. 

Silver J, Miller JH (2004). Regeneration beyond the glial scar. Nat. Rev. 
Neurosci. 5:146-156. 

Tolias KF, Bikoff JB, Kane CG, Tolias CS, Hu L, Greenberg ME 
(2007).The Rac1 guanine nucleotide exchange factor Tiam1 
mediates EphB receptordependent dendritic spine development. 
Proc. Natl. Acad. Sci. U.S.A. 104:7265-7270. 

Zhao C, Irie N, Takada Y, Shimoda K, Miyamoto T, Nishiwaki T(2006). 
Bidirectional ephrinB2-EphB4 signaling controls bone homeostasis. 
Cell. Metab. 4:111-121. 


