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Abstract: Nogo receptor (NgR) play important role of inhibition axonal regeneration after central nervous system 
(CNS) injury. Rat retinal ganglion cells were transfected with AAV-NgR1siRNA in vivo and vitro to investigate its effect 
on axonal regrowth. NgR protein expression was assayed by western blot. The sections of cultured RGCs and optic 
nerve (ON) were stained with GAP-43 antibody. There is little expression of NgR after transfection of AAV-NgR1siRNA 
compared with control group. There was a significant difference of axonal length between experimental and control 
group. The present finding indicates that NgR genes play an inhibitive role in the axonal regeneration of RGCs, while 
transfection of AAV-NgR1siRNA is an effective way to enhance axonal regeneration of ON after injury.
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Introduction

CNS neurons can’t regenerate after injury due 
to the proteins associated with myelin. The 
C-terminal of NogoA (Nogo66) [1, 2], myelin-
associated glycoprotein (MAG) [3, 4], and Omgp 
[5] play important role to inhibit axonal regen-
eration via the Nogo receptor (NgR) [6, 7]. The 
Nogo gene has three isoforms (Nogo-A, -B and 
-C) and Nogo-A was confirmed to exert its role 
through NgR. 

The NgR family has three CNS-linked proteins 
(named NgR1, NgR2 and NgR3) [8-10]. NgR1 
has been considered served as the ligand bind-
ing to p75NTR [11]. It is reported that NgR1 
knockdowned by antibodies [12, 13] or short 
haipin RNA [14] indicating NgR be essential for 
myelin inhibition.

In present study, we will use siRNA-mediated 
deletion of NgR to clarify the possible NgR con-
tribution in inhibiting the axonal regeneration of 
retinal ganglion cells (RGCs).  

Materials and methods

Animal grouping

Sprague Dawley rats (160-180 g m), fifteen to 
nineteen weeks old, were used in our experi-
ment. Transfection with AAV-NgRsiRNA was 
used as experimental group (group A). Group  

B was transfected with vehicle only, and blank 
control was group C. There were seven rats in 
each group. The investigation complied with the 
ARVO Statement for the Use of Animals and 
Ophthalmic and Vision Research.

Surgical procedure

1% sodium pentobarbital solution (50 mg/kg 
body weight) was injected into abdomen cavity 
before the ON was crushed. The ON was cru- 
shed at 1 mm distal to the eyeball by an ON 
forceps with 40 g pressure (Martins Instru- 
ments, Tullingen, Germany, donated by Pro- 
fessor Gu Zhao-bin, Gifu University of Japan), 
for 9 s after the dural sheath of the ON was 
opened longitudinally. The vascular integrity of 
the retina was examined by funduscope after 
dilating the pupil with atropine. After withdraw-
ing 2 µl of vitreous body from the eye of both 
eyes, 1 µl (20 μM) of AAV-NgRsiRNA (experi-
mental group), negative control (negative con-
trol group) or PBS (blank control group) was 
injected into the vitreous body using a micropi-
pette avoiding the lens of injury.

Preparation for immunohistochemistry exami-
nation

The animals were perfused through the aorta 
artery with heparin saline, 4% paraformalde-
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ed in a polypropylene tube coated with anti- 
rat ED1 antibody (Sigma, St. louis, USA), and 
then in another one coated with anti-rat Thy 1.1 
IgG (Sigma, St. louis, USA) (Leon S et al., 2000; 
Yin Y et al., 2003). RGCs were collected by cen-
trifugation for 5 min after the tube was washed 
three times with PBS. Then cultured at a con-
centration of 6×106 cells/ml in DMEM contain-
ing 100 U/ml penicillin, 100 μg/ml gentamicin, 
and B-27 medium (Invitrogen, California, USA). 
2.5×105 cells were then cultured into poly-
lysine coated 24-well plates and incubated at 
37°C with 5% CO2 ventilation.

Transfection and NgR knockdown in vitro

3 µl hiperfect transfection reagent, 50 nmol/L 
AAV-NgRsiRNA and 100 µl DMEM without sup-
plements were added into per well of a 24-well 
plate. The complexing reaction continued for 
20 min at room temperature. One hundred 
microlitres of the siRNA-hiperfect transfection 
reagent complex (Qiagen inc, Valencia, CA, 
USA) were added to each well. RGCs were cul-
tured for seven days. Then washed twice with 
phosphate-buffered saline (PBS) and lysed.

Western blot 

Cell lysates were prepared in extraction buffer. 
Equal amounts of total protein (10 μg) were 
transferred to Hybond-P polyvinylidene difluo-
ride (PVDF) membrane (Amersham Pharmacia 
Biotech, Piscataway, NJ, USA) after separated 
by 10% SDS-PAGE. After blocking with 5% non-
fat dry milk in PBS with 0.1% Tween-20, mem-
branes were probed with rabbit anti-NgR66 
antibody (1:500, Zymed laboratory Inc, USA), 
followed by incubation with goat anti-rabbit 
secondary antibody (1:1000, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). The pro-
tein bands was visulized by the enhanced  
chemiluminescence kit (Santa Cruz Biotechno- 
logy).

Immunocytochemistry

Cells were incubated with anti-GAP43 antibo- 
dy (1:500) at 4°C overnight after fixed with 4% 
paraformaldehyde for 10 min, followed by sec-
ondary antibody goat-anti-rabbit IgG (1:500) for 
1 hr at room temperature. After that, SABC was 
used at 37°C for 30 min and colored with DAB. 
After coloration with DAB, dehydration, and 
dimethyl benzene treatment, slides were 
mounted. Controls were stained by omitting  
the primary antibody.

hyde successively seven days after ON crush. 
Eyes with ON segments up to the optic chiasm 
were transferred to a 30% sucrose solution 
overnight after separated and postfixed over-
night (4°C). Frozen sections (15 μm) were cut 
longitudinally and stored at -80°C.

Immunofluorescence staining

GAP-43 monoclonal antibody (1:500 dilution) 
(Serotec, Raleigh, USA) was used in all cases. 
Then secondary antibodies (1:500 fluorescein-
conjugated anti-sheep IgG) were used, and cov-
erslipped with Vectashield mounting medium 
(Vector laboratories, Burlington, Canada).

Axon regeneration quantitation

The amounts of GAP-43-positive axons from 
the crush position were counted and divided by 
the cross-sectional width of the nerve in six lon-
gitudinal sections per case, under 400 magnifi-
cation. The number of axons per unit width of 
optic nerve was averaged across the six sec-
tions to calculate the total number of regener-
ated axons [15, 16].

Isolation and culture of retinal ganglion cells

The retinas were washed three times in Hank’s 
balanced salt solution after they were dissect-
ed under an anatomic microscope (SZ-PT, 
Olympus, Tokyo, Japan).

The retinal tissue was dissociated into single 
cells in DMEM (Invitrogen, California, USA) con-
taining 15 U/ml papain (Worthington, Lake- 
wood, USA). The cell suspension was incubat- 

Figure 1. There is little expression of NgR protein af-
ter transfection of NgR shRNA (lane 1). Expression 
of NgR protein can be seen in negative control group 
(lane 2). Expression of NgR protein can be seen in 
blank control group (lane 3).
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4.0 (Media Cybernetics, Silver Spring, MD). An 
average of 50 neurons from each group was 
selected from a number of chamber slides. The 
difference in axonal length of group A (AAV-
NgRsiRNA) increased from the first day to the 
seventh day. The axonal length of groups B  
and C increased slowly. There is significant  
difference of axonal length among experimen-
tal group, negative control and blank control 
group on the seventh day (Table 1).

Expression of GAP-43 in vivo

Axon of positive GAP-43 expression distributes 
along the longitudinal axis of optic nerve. We 

Statistical analysis

The computations were done using the soft-
ware of SPSS version 18.0 for Windows. 
Difference between mean values was calculat-
ed for statistical significance with student t 
test, with a P value <0.05 indicative of statisti-
cal significance.

Results

Expression of NgR protein by western blot

Little expression of NgR protein after transfec-
tion of AAV-NgRsiRNA was detected (Figure 1, 
lane 3), however, expression of NgR protein can 

Figure 3. (A-C) Axonal length was 
longer in the seventh day for the 
experimental group (A) than that 
of the negative control group (B) 
and blank control group (C) of the 
same day. Scale bar 40 μm.

be found in negative control 
group (Figure 1, lane 1) and 
blank control group (Figure 1, 
lane 2). The result showed 
that transfection with AAV-
NgRsiRNA achieved signifi-
cant decline of NgR expre- 
ssion. 

Expression of Thy 1.1 by im-
munofluorescence

Adherence of RGCs began at 
12 h after they were seeded 
into poly-lysine-coated 24-well 
plates and incubated at 37°C 
with 5% CO2 ventilation. Then 
a single layer of round and 
oval RGCs was seen on the 
plates. Immunochemistry sh- 
owed positive Thy 1.1 staining 
in cultured RGCs with red fluo-
rescence (Figure 2A-C).

In vitro axonal growth of the 
RGCs in experimental and 
control groups

Axonal length of the experi-
mental group (Figure 3A) was 
longer in the seventh day than 
that in negative control group 
(Figure 3B) and blank control 
group (Figure 3C) on the same 
day.

For neurite length determina-
tions, the neurites were 
traced and the morphometry 
analysis was performed us- 
ing Image-Pro Plus version 

Figure 2. A-C. Positive expression 
of Thy 1.1 antibody in RGCs with 
red fluorescence can be seen. 
Scale bar 20 μm.
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and vitro. As discussed above, RGCs have 
instinctive competence of axonal regeneration 
in vivo and vitro in experimental group. Our 
result also showed that axonal length of experi-
mental group increased from the first day to the 
seventh day. The axonal length of the RGCs in 
group B control group grows slowly. There is sig-
nificant difference in axonal lengths of RGCs 
between experimental group and control group 
on the seventh day. Extinguishing of NgR 
enhances axonal regeneration of RGCs in vitro. 
Our data indicated that NgR play an important 
role for inhibition of axonal regeneration of 
RGCs.

Taken together, in view of the growing interest 
in NgR as a target for treatment after optic 
nerve injury, it is our hope that the data pre-
sented here will help to promote going efforts 
to further elucidate the role of molecular medi-
ators of optic nerve outgrowth inhibition.
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found that GAP-43 expression of optic nerve 
increased significantly with the survival time. 
There was a significant difference in axonal 
length ≥ 1 mm from the crush position between 
experimental and negative control or blank 
control group (Table 2).

Discussion

It was confirmed that there is significant axonal 
regeneration after corticospinal tract injury in 
Nogo-A/B-/- mice [17-19]. However, there is no 
significant regeneration found in either Nogo-
A/B-/- or Nogo-A/B/C-/- mice [20, 21]. It is 
believed that the various capacity after Nogo 
knockdown because of the different back-
grounds of the mice in these experiments. Our 
previous research found that elimination of 
either Nogo-A or Nogo-A/B/C can effectively 
enhance axonal regeration of optic nerve after 
injury [22, 23].  

It was showed that NgR knockout enhance 
axon regeneration after spinal injury [24]. But 
Zheng et al. [25] can’t observe corticospinal 
regeneration in NgR knockout mice. 

RNA interference was showed to be effective 
way to knockdown gene expression [26-28]. We 
detected the expression level of NgR by west-
ern blot and found that there is little expres- 
sion of NgR protein after transfection in experi-
mental group. However, expression of NgR can 
be detected in negative control and blank con-
trol groups. There is significant difference bet- 
ween experimental group and negative control 

Table 1. Numbers of axonal length ≥ 1 mm of RGCs of different 
time (

_
x±s)

Survival 
time (d)

Experimental 
group

Negative 
control group

Blank  
control group F P

7 825.15±1.25 13.35±1.59 11.35±1.25 32.25 <0.01

Table 2. Axonal length of RGCs of different time in vitro (µm, 
_
x

±s)
Culture 
time (d)

Experimental 
group

Negative 
control group

Blank  
control group F P

1 3.15±1.26 3.13±1.15 3.12±1.13 26.23 >0.05
3 25.12±2.25 8.16±2.12 8.16±2.15 32.15 <0.01
7 12.13±2.21 6.18±2.13 6.23±2.12 28.26 <0.01
F 41.35 33.26 35.15
P <0.01 <0.01 <0.01

or blank control group. The above 
results confirm that it is possible 
to knockout of NgR by transfec-
tion with AAV-NgRsiRNA in retina. 
We concluded that NgR can be 
successfully knockdowned by 
transfection with AAV-NgRsiRNA. 
Knockdown of NgR make it pos-
sible for us to research on effect 
of NgR on axonal regrowth of 
RGCs in vivo and vitro.

Expression of GAP-43 in RGC cul-
tured was also found for seven 
days in both experimental and 
control group. Our data indicate 
that transfection with AAV-Ng- 
RsiRNA can effectively enhance 
axonal regrowth of RGCs in vivo 



NgR1siRNA on axonal regeneration

2331	 Int J Clin Exp Pathol 2017;10(2):2327-2332

[12]	 Fink KL, Strittmatter SM, Cafferty WB. Compre-
hensive corticospinal labeling with mu-crystal-
lin transgene reveals axon regeneration after 
spinal cord trauma in ngr1-/- mice. J Neurosci 
2015; 35: 15403-18.

[13]	 Li S, Liu BP, Budel S, Li M, Ji B, Walus L, Li W, 
Jirik A, Rabacchi S, Choi E, Worley D, Sah DW, 
Pepinsky B, Lee D, Relton J, Strittmatter SM. 
Blockade of Nogo-66, myelin-associated glyco-
protein, and oligodendro-cyte myelin glycopro-
tein by soluble Nogo-66 receptor promotes ax-
onal sprouting and recovery after spinal injury. 
J Neurosci 2004; 24: 10511-10520.

[14]	 Ahmed Z, Dent RG, Suggate EL, Barrett LB, 
Seabright RJ, Berry M, Logan A. Disinhibition of 
neurotrophin-induced dorsal root ganglion cell 
neurite outgrowth on CNS myelin by siRNA-
mediated knockdown of NgR, p75NTR and 
Rho-A. Mol Cell Neurosci 2005; 28: 509-523.

[15]	 Barres BA, Silverstein BE, Corey DP, Chun LL. 
Immunological, morphological, and electro-
physiological variation among retinal ganglion 
cells purified by panning. Neuron 1988; 1: 
791-803. 

[16]	 Ohtake Y, Li S. Molecular mechanisms of scar-
sourced axon growth inhibitors. Brain Res 
2015; 1619: 22-35.

[17]	 Leon S, Yin Y, Nguyen J, Irwin N, Benowitz LI. 
Lens injury stimulates axon regeneration in  
the mature rat optic nerve. J Neurosci 2000; 
20: 4615-26.

[18]	 Siddiq MM, Hannila SS, Carmel JB, Bryson JB, 
Hou J, Nikulina E, Willis MR, Mellado W, Rich-
man EL, Hilaire M, Hart RP, Filbin MT. Metallo-
thionein-I/II promotes axonal regeneration in 
the central nervous system. J Biol Chem 2015; 
290: 16343-56.

[19]	 Kim JE, Li S, GrandPre T, Qiu D, Strittmatter 
SM. Axon regeneration in young adult mice 
lacking Nogo-A/B. Neuron 2003; 38: 187-99.

[20]	 Xu YQ, Sun ZQ, Wang YT, Xiao F, Chen MW. 
Function of Nogo-A/Nogo-A receptor in Al-
zheimer’s disease. CNS Neurosci Ther 2015; 
21: 479-85.

[21]	 Zheng B, Ho C, Li S, Keirstead H, Steward O, 
Tessier-Lavigne M. Lack of enhanced spinal re-
generation in Nogo-deficient mice. Neuron 
2003; 38: 213-224.

[22]	 Geoffroy CG, Lorenzana AO, Kwan JP, Lin K, 
Ghassemi O, Ma A, Xu N, Creger D, Liu K, He Z, 
Zheng B. Effects of PTEN and nogo codeletion 
on corticospinal axon sprouting and regenera-
tion in mice. J Neurosci 2015; 35: 6413-28. 

[23]	 Su Y, Wang F, Zhao SG, Liu P, Teng Y, Cui H. 
Axonal regeneration of optic nerve after crush 
in Nogo-A/B/C knockout mice. Mol Vis 2008; 
14: 268-73.

Disclosure of conflict of interest

None.

Address correspondence to: Feng Wang, Depart- 
ment of Ophthalmology, First Affiliated Hospital, 
Harbin Medical University, Harbin 150001, China. 
Tel: +86-13936673269; E-mail: wangfd@126.com

References

[1]	 Chen MS, Huber AB, van der Haar ME, Frank 
M, Schnell L, Spillmann AA, Christ F, Schwab 
ME. Nogo-A is a myelin-associated neurite out-
growth inhibitor and an antigen for monoclonal 
antibody IN-1. Nature 2000; 403: 434-9. 

[2]	 GrandPre T, Nakamura F, Vartanian T, Stritt-
matter SM. Identification of the Nogo inhibitor 
of axon regeneration as a reticulon protein. Na-
ture 2000; 403: 439-44. 

[3]	 McKerracher L, David S, Jackson DL, Kottis V, 
Dunn RJ, Braun PE. Identification of myelin-as-
sociated glycoprotein as a major myelin-de-
rived inhibitor of neurite growth. Neuron 1994; 
13: 805-811.

[4]	 Mukhopadhyay G, Doherty P, Walsh FS, Crock-
er PR, Filbin MT. A novel role for myelin-associ-
ated glycoprotein as an inhibitor of axonal re-
generation. Neuron 1993; 13: 757-767.

[5]	 Wang KC, Koprivica V, Kim JA, Sivasankaran R, 
Guo Y, Neve RL, He Z. Oligodendrocyte-myelin 
glycoprotein is a Nogo receptor ligand that in-
hibits neurite outgrowth. Nature 2002; 417: 
941-944.

[6]	 Fournier AE, GrandPre T, Strittmatter SM. Iden-
tification of a receptor mediating Nogo-66 inhi-
bition of axonal regeneration. Nature 2001; 
409: 341-6. 

[7]	 Prinjha R, Moore SE, Vinson M, Blake S, Mor-
row R, Christie G, Michalovich D, Simmons DL, 
Walsh FS. Inhibitor of neurite outgrowth in hu-
mans. Nature 2000; 403: 383-4. 

[8]	 Liu G, Ni J, Mao L, Yan M, Pang T, Liao H. Ex-
pression of Nogo receptor 1 in microglia during 
development and following traumatic brain in-
jury. Brain Res 2015; 1627: 41-51. 

[9]	 Lauren J, Airaksinen MS, Saarma M and Tim-
musk T. Two novel mammalian Nogo receptor 
homologs differentially expressed in the cen-
tral and peripheral nervous systems. Mol Cell 
Neurosci 2003; 4: 581-594.

[10]	 Rosochowicz TW, Wrotek S, Kozak W. Axonal 
regeneration inhibitors: emerging therapeutic 
options. Acta Neurol Belg 2015; 115: 527-32. 

[11]	 Liu BP, Cafferty WB, Budel SO, Strittmatter SM. 
Extracellular regulators of axonal growth in the 
adult central nervous system. Philos Trans R 
Soc Lond B Biol Sci 2006; 361: 1593-1610.

mailto:wangfd@126.com


NgR1siRNA on axonal regeneration

2332	 Int J Clin Exp Pathol 2017;10(2):2327-2332

[27]	 Vajda F, Jordi N, Dalkara D, Joly S, Christ F, 
Tews B, Schwab ME, Pernet V. Cell type-specif-
ic Nogo-A gene ablation promotes axonal re-
generation in the injured adult optic nerve. Cell 
Death Differ 2015; 22: 323-35. 

[28]	 Huo Y, Yin XL, Ji SX, Zou H, Lang M, Zheng Z, 
Cai XF, Liu W, Chen CL, Zhou YG, Yuan RD, Ye J. 
Amino-Nogo inhibits optic nerve regeneration 
and functional recovery via the integrin αv sig-
naling pathway in rats. Cell Physiol Biochem 
2015; 35: 616-26.

[24]	 Schawkat K, Di Santo S, Seiler S, Ducray AD, 
Widmer HR. Loss of Nogo-A-expressing neu-
rons in a rat model of Parkinson’s disease. 
Neuroscience 2015; 288: 59-72.

[25]	 Zheng B, Atwal J, Ho C, Case L, He XL, Garcia 
KC, Steward O, Tessier-Lavigne M. Genetic de-
letion of the Nogo receptor doesnotre-duce 
neurite inhibition in vitro or promote corticospi-
nal tract regeneration in vivo. Proc Natl Acad 
Sci U S A 2005; 102: 1205-1210.

[26]	 Lang BT, Cregg JM, DePaul MA, Tran AP, Xu K, 
Dyck SM, Madalena KM, Brown BP, Weng YL, Li 
S, Karimi-Abdolrezaee S, Busch SA, Shen Y, Sil-
ver J. Modulation of the proteoglycan receptor 
PTPσ promotes recovery after spinal cord inju-
ry. Nature 2015; 518: 404-8. 


