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Abstract 

Nogo-A, a major myelin inhibitory protein, inhibits axon growth and synaptic 

function in the central nervous system. Glaucoma is a progressive neuropathy as a 

result of retinal ganglion cell (RGC) death. Synaptic degeneration is thought to be an 

early pathology of neurodegeneration in glaucoma and precedes RGC loss. Here 

experimental ocular hypertension model was induced in adult rats with laser 

coagulation of the episcleral and limbal veins. The expression of Nogo-A, 

myelin-associated glycoprotein (MAG) and oligodendrocyte myelin glycoprotein 

(OMgp) in the retina was investigated using immunohistochemistry and Western 

blotting. We found that Nogo-A was expressed in the RGCs and upregulated after the 

induction of ocular hypertension. OMgp was only expressed in the inner plexiform 

layer. There was no MAG expression in the retina. Our data provided, for the first 

time, the expression patterns of three myelin protein in the adult retina and suggested 

an important role of Nogo-A in the RGC death and synaptic degeneration in 

glaucoma. 

 

Key words: Ocular hypertension, Nogo-A, Myelin-associated glycoprotein, 

Oligodendrocyte myelin glycoprotein, Retina 
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Introduction 

Glaucoma is a neurodegenerative disease characterized by the degeneration of 

retinal ganglion cells (RGCs) and their axons. Increasing evidence also supports the 

presence of compartmentalized degeneration in the synapses [1-3] and may underlie 

visual functional deficits in glaucoma. We previously identified that there is synaptic 

degeneration for RGCs in an ocular hypertension model of glaucoma and it may 

precede the RGC death [4]. These findings suggest that the synapse destruction could 

contribute significantly to the progressive nature of vision loss in glaucoma. Devising 

ways to induce such a reversal could represent an effective potential approach to 

neuroprotection.  

The failure of axonal regeneration within the damaged adult central nervous 

system (CNS) has been ascribed in part to the presence of Nogo-A[5] 

myelin-associated glycoprotein (MAG) [6] and oligodendrocyte myelin glycoprotein 

(OMgp) [7,8]. All three bind the Nogo66 receptor (NgR1) [9] and the paired 

immunoglobulin-like receptor B (PirB) [10] to mediate their inhibitory influence. 

Although Nogo-A is thought to be the primary source of the Nogo related limitation 

of neuronal outgrowth after injury [5,11], much data demonstrates that Nogo-A is 

expressed by many populations of neurons in the CNS, and is not limited to 

oligodendrocytes [12-15]. Nogo-A expression was increased in the cortical neurons 

[16] and anti-Nogo-A antibody improves functional recovery in adult rats after stroke 

[17]. Nogo protein was detected in the retina of mouse embryos [18] and in the 

neonatal rat [19]. Neuronal Nogo-A may be involved in normal cell-functioning 
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separate from the post injury outgrowth-inhibitory role observed for oligodendroglial 

Nogo-A[15]. Nogo-A plays a role in the maintenance of inhibitory synapses in 

cerebellar Purkinje cells [20] and motor neuron in amyotrophic lateral sclerosis (ALS) 

[21]. Unlike Nogo-A, MAG is not expressed in neurons but in glia of CNS and 

peripheral nerves [22]. OMgp was first identified as a myelin protein but has 

subsequently been found to be expressed on some neurons in the CNS [23]. However, 

there were no reports for Nogo-A, MAG and OMgp in the retina of adult animals and 

in glaucoma. In this study, we provide evidence that Nogo-A, but not OMgp and 

MAG protein increased in the retina in an ocular hypertension model in rats. High 

levels of Nogo-A may be a possible mechanism of the RGC death and synapse 

degeneration in the glaucoma.  

 

Experimental Procedure 

Animals 

Animal experiments were approved by the University of Hong Kong Faculty 

Committee on the Use of Live Animals in Teaching and Research. Twenty two adult 

female Sprague-Dawley (SD) rats (starting weight, 250-280 g) were used for the study. 

The animals were anesthetized with intraperitoneal injection of ketamine (80 mg/kg) 

and xylazine (8 mg/kg) during the experiments and were euthanized at the end of the 

experiment with an overdose of pentobarbital sodium (150 mg/kg). Alcaine 0.5% 

(Alcon-Couvreur, Belgium) was applied to the eyes before all operations and 

antiseptic eye drops (Tobres [Tobramycin 0.3%], Alcon-Couvreur, Belgium) were 
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used to prevent infection after the surgery. Rimadyl (0.025mg/ml) in drinking water 

was used as analgesics for 7 days after the surgeries. 

 

Induction of experimental ocular hypertension 

Argon laser (Ultima 2000SE Argon Laser, Coherent, Palo Alto, CA) was used to 

coagulate the limbal and episcleral veins in the right eye of the rats. This technique 

was adopted from the method by WoldeMussie et al [24] and has been adopted in our 

laboratory for the retina degeneration and therapeutic effects on retina functions 

[4,25-27]. About 90 spots were applied on the three episcleral veins and 70 spots on 

the limbal vein (270° around the limbus, except on the nasal side) with the following 

settings: power of 1000 mW; spot size of 50 µm in diameter; and duration of 0.1s. A 

secondary laser surgery was performed to coagulate the reconnected blood vessel 

seven days later. The intraocular pressure (IOP) of the eyes were measured using a 

Tonopen XL Tonometer. Fluorogold (FG) labeling of RGCs was performed 7 days 

before sacrifice. Both superior colliculi (SC) were exposed after removing a small 

piece of skull and cortex, and a piece of Gelfoam (Pharmacia & Upjohn, Kalamozoo, 

MI, USA) soaked with FG (6% in distilled H2O, Fluorochrome, Denver, CO, USA) 

was placed on the surface of SC. Rats were euthanized with an overdose of anesthesia 

2 weeks after the first laser exposure for RGC labeling.  

 

Immunohistochemistry of Nogo-A, MAG, OMgp 

The animals were euthanized with an overdose of anesthesia at 0, 2 and 4 weeks after 
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the first laser coagulation. The eyes were enucleated following transcardial perfusion 

with 0.9% saline and were fixed in 4% PFA for 1 h. After removing the corneas and 

lens, the eye cups were fixed further in PFA for 4 h and then transferred to 30% 

sucrose solution at 4ºC for 16 h. Ten-micron-thick frozen retinal sections were washed 

in 0.01M phosphate buffered saline (PBS) and were incubated in 0.5% Triton/PBS for 

10 min. After being blocked with 10% normal goat serum for 1 h, the sections were 

incubated with rabbit anti-Nogo-A (1: 100, CalBioChem, CA, USA), mouse 

anti-MAG (1:100, Chemicon, Hofheim, Germany) and mouse anti-OMgp (1:100, 

Chemicon, Hofheim, Germany) antibodies at 4ºC for 16 h. Sections then were washed 

with PBS three times and incubated with Alexa Fluor® 488 goat anti-rabbit second 

antibody (1:400, Molecular probes, Oregon, USA) at room temperature for 2 h. 

Negative control was performed on the retina sections at 2 weeks after the induction 

of ocular hypertension with only incubation of Alexa Fluor® 488 goat anti-rabbit 

second antibody. The positive control for Nogo-A was performed by staining Nogo-A 

in the optic nerve from normal retina in the adult rat. The sections were analyzed 

under Olympus IX71 fluorescent microscope with DP2-BSW software (Olympus, 

Japan). Six animals were used in each group. 

 

Western Blotting for Nogo-A 

To measure Nogo-A in the retina, the animals were euthanized at 0, 5 days, 2 and 4 

weeks after laser coagulation. The retinas were dissected and homogenized in lysis 

buffer (10 mM Tris pH7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA) supplemented 
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with 10% protease inhibitor cocktail and 1% phosphatase inhibitor cocktails from 

Sigma. Following centrifugation at 13,000 rpm for 30 min to remove cell debris, the 

protein concentration of the supernatant was measured using a Bio-Rad DC protein 

Assay Kit (Bio-Rad Laboratories, CA, USA). A 40-80 µg aliquot of proteins from 

each sample was subjected to 6% (for Nogo-A) or 10% (for β-actin) 

SDS-polyacrylamide gel electrophoresis and transferred onto PVDF membrane. The 

membranes were blocked with Odyssey blocking buffer (LI-COR, Inc., lincoln，NE, 

USA) for 1 h in room temperature. Incubation with goat anti-Nogo-A (1:100, Santa 

Cruz Biotechnology, CA, USA) antibody was performed for 16 h at 4ºC. After 

washing, the membranes were incubated with IRDye 800CW goat anti-mouse 

secondary antibody (1:2000, LI-COR, Inc., lincoln，NE, USA) in Odyssey blocking 

buffer for 1 h at room temperature. Protein loading was controlled using a mouse 

antibody against anti-actin (1:2000, Chemicon, Hofheim, Germany) and finally 

incubated with IRDye 800 goat anti-mouse secondary antibody (1:2000, LI-COR, Inc., 

lincoln，NE, USA). The membranes were scanned and analyzed using Odyssey 

Infrared Imaging System (LI-COR, Inc., lincoln，NE, USA). All experiments for 

Western blotting were performed with 5 animals in each group and repeated 3 times. 

 

Statistics 

All data are expressed as Mean ± SEM. Statistical analysis was evaluated by one-way 

analysis of variance (ANOVA) followed by post-hoc tests (Student-Neuman-Keuls) 

for comparisons between groups. The mean difference is significant at 0.05 level. 
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Data were analyzed statistically with the software SPSS 12.0 (SPSS Inc., Chicago, 

Illinois, USA). 

Results 

Nogo-A expression in the normal rat retina 

The expression of Nogo-A in the retina was evaluated using immunohistochemisty. 

Negative control only with second antibody showed no positive staining in the retina 

at 2 weeks after ocular hypertension (Fig. 1a-b). Nogo-A was reported to express in 

the oligodendrocytes. Here we found strong immunostaining for Nogo-A in the optic 

nerve with myelin sheath of normal adult rat (Fig. 1c). Nogo-A positive staining was 

visible mainly in the ganglion cell layer (GCL) and the nerve fiber layer (NFL) in the 

normal retina (Fig.1d-f). Less immunoreactive staining was observed in the other 

layers. Next we examined whether RGCs expressed Nogo-A. The retrograde FG 

staining for RGCs was mainly distributed in the cytoplasm. Here we identified that 

Nogo-A was expressed in the FG-labeled RGCs (Fig. 1j-l). Some Nogo-A positive 

cells in GCL were not FG-labeled RGCs. Since amacrine cells are the other major 

types of cells in the GCL, amacrine cells in GCL may also express Nogo-A protein. 

 

Increased Nogo-A expression after the induction of ocular hypertension 

We induced an ocular hypertension model in adult rats. Similar to our previous reports, 

the IOPs were found to be 23.45 ± 0.79 mmHg and 24.32 ± 0.82, respectively, in the 

glaucomatous eyes at 2 weeks and 4 weeks after laser treatments, and 13.24 ± 0.46 

mmHg in the normal eyes (P < 0.01). In the glaucomatous retina, high levels of 
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Nogo-A was detected in the RGCs. Strong Nogo-A immunostaining was found in the 

inner plexiform layer (IPL) and outer nuclear layer (ONL) (Fig. 1g-i, m-o). This was 

confirmed using Western blotting. Nogo-A expression increased at 5 days after IOP 

elevation and there was up to 3 fold increase of the Nogo-A protein at 2 and 4 weeks 

(Fig. 2, P < 0.05 compared to normal retina). No difference was found for the Nogo-A 

levels between 2 weeks and 4 weeks (P > 0.05). 

 

MAG and OMgp expression after the induction of ocular hypertension 

We further examined the expression of the other two myelin proteins in the retina. 

MAG protein was not detected in the retinas of normal and glaucomatous animals 

(Fig. 3a). FG-labeled RGCs did not express MAG protein. No MAG expression was 

found in the beginning portion of the optic nerve without myelin sheath. MAG was 

only observed in the part of the optic nerve with myelin sheath (Fig. 3a). There was a 

clear ridge for MAG expression in the longitudinal section of the optic nerve with the 

optic disk. We further identified that there was low level of OMgp in the IPL in the 

normal retina using immunohistochemistry (Fig. 3b). There was no OMgp 

immunostaining in the FG-labeled RGCs (Fig. 3b). No difference was found for 

OMgp protein in the retina before and after the induction of ocular hypertension (Fig. 

3b). 

 

Discussion 

Here we demonstrated that Nogo-A was expressed in the normal retina and was 
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increased in a rat glaucoma model. We further identified that RGCs expressed 

Nogo-A. There was no MAG expression in the retina and OMgp was only expressed 

in the IPL. It is the first report about the expression of three myelin proteins in the 

adult retina and in a rat model of ocular hypertension. The data suggest an important 

role of Nogo-A in the normal retina and after ocular hypertension. 

Glaucoma is a common eye disease that can cause irreversible loss of vision if 

left undiagnosed and untreated. Compartmentalized degeneration in the synapses may 

underlie visual functional deficits in glaucoma [1-3]. Early changes in RGC dendrites 

have critical consequences on synaptic efficacy and may underlie functional deficits 

in glaucoma [28-30]. The loss of visual sensitivity in the early stages of 

experimentally induced glaucoma could be attributed to a loss of connectivity 

secondary to synaptic degeneration [1]. We previously identified that synaptic 

degeneration for RGCs may precede the RGC death in an ocular hypertension model 

[4]. However, it is unclear for the mechanisms for the synaptic degeneration in 

glaucoma. The model used in this study mimics the slow, progressive neuropathy 

produced by elevated IOP in humans by partially obstructing aqueous humor outflow, 

similar to elevated episcleral venous pressure glaucoma. However, there are still some 

differences between this animal model and human glaucoma disease. Human chronic 

glaucoma is a progressive optic neuropathy characterized by slow visual field loss 

with a long-term-even several decades long-course, whereas there was significant 

RGC loss in several weeks in this rat ocular hypertension mode. Even so, the finding 

of increased Nogo-A expression partly indicates that the Nogo-A may play some role 
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for vision loss in the human glaucoma. 

Previous opinions for myelin proteins are that they are limited to 

oligodendrocytes. However, much current data demonstrate that Nogo-A is expressed 

in many populations of neurons in the CNS. Our findings of the expression of Nogo-A 

in the RGCs in rats is consistent with previous reports that Nogo-A is expressed in the 

embryo or neonatal animals [18,19]. Besides the inhibition of axonal regeneration or 

neurite outgrowth, Nogo-A plays an important role in synapse maintenance and neural 

survival. Nogo-A genetic deletion resulted in prolonged cell survival in addition to 

axonal regeneration in mice with amyotrophic lateral sclerosis [31]. Nogo-A could 

signal transsynaptically as observed e.g. for Ephrins to regulate synapse maintenance 

[32-34]. The reduction of Nogo-A expression in the cell-Deep Cerebellar Nuclei 

correlates with synapse maturation [20]. The upregulation of Nogo-A in our model is 

consistent with previous reports about the increased expression of Nogo-A in 

Alzheimer disease [35], in muscles and spinal cord motoneurons of amyotrophic 

lateral sclerosis [36]. The increased expression of Nogo-A may be a primary factor 

leading to the synaptic function deficits and further RGC death. It is interesting that 

we found increased Nogo-A expression at 5 days after IOP elevation. We previously 

identified that there was significant synaptic degeneration but no RGC loss at 5 days 

in this ocular hypertension model [4]. The early upregulation of Nogo-A provide 

further evidence that Nogo-A may firstly affect synaptic function and then lead to the 

secondary RGC death. Furthermore, our data showed that there was no difference for 

Nogo-A levels at 2 weeks and 4 weeks after IOP elevation. It suggests that Nogo-A 
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protein reaches a saturation under the balance of production and cleaning. In this 

model, RGC loss stabilizes after 4 weeks [37]. The stability of Nogo-A accumulation 

after 2 weeks may has some relationship with the stabilization of RGC loss. 

Our study indicates that some amacrine cells may also express Nogo-A. 

Amacrine cells in the vertebrate retina are interneurons that interact at the second 

synaptic level in the pathways consisting of the photoreceptor-bipolar-ganglion cell 

chain. They are synaptically active and serve to integrate, modulate and interpose a 

temporal domain to the visual message presented to the ganglion cell. The expression 

of Nogo-A in amacrine cells may be one of stations of Nogo-A to affect the synaptic 

function. 

LINGO-1 (LRR and Ig domain-containing, Nogo Receptor-interacting protein-1) 

[38] was a member of NgR1 signaling complexes that prevent axonal regeneration in 

the presence of three myelin inhibitors. Because NgR1 is a GPI anchored protein, 

LINGO-1 and the other co-receptors, p75/TROY transduce the myelin inhibitory 

signal into the cells. We found that blocking LINGO-1 function promotes survival of 

damaged RGCs in a chronic adult rat ocular hypertension model [25]. The 

upregulation expression of Nogo-A after IOP elevation provides a possibility that 

LINGO-1 antagonists disturb the function of Nogo-A and NgR1, and then exert the 

neuroprotection. It may be one of the mechanisms how LINGO-1 antagonist promotes 

RGC survival. 

In this study, we found that Nogo-A, but not OMgp and MAG protein increased 

in the retina after ocular hypertension. It may provide a possible mechanism 
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underlying the synapse degeneration and RGC death in glaucoma. 

 

Acknowledgements 

This study was supported by funding from the Jessie Ho Professorship in 

Neurosciences from the University of Hong Kong, NSFC(30801272, 81071030), 

Science and Technology Foundation of Guangdong Province, China 

(2008B030301090), RFDP (200805581160), the Fundamental Research Funds for the 

Central Universities (09ykpy25, 09ykpy31) and National Basic Research Program of 

China (973 Program) (2011CB707501).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



14 

Reference 

 

1.  Harwerth RS, Crawford ML, Frishman LJ, Viswanathan S, Smith EL, III, 

Carter-Dawson L. (2002) Visual field defects and neural losses from experimental 

glaucoma. Prog Retin Eye Res; 21: 91-125. 

2.  Whitmore AV, Libby RT, John SW. (2005) Glaucoma: thinking in new ways-a role 

for autonomous axonal self-destruction and other compartmentalised processes? 

Prog Retin Eye Res; 24: 639-662. 

3.  Morrison JC, Johnson EC, Cepurna W, Jia L. (2005) Understanding mechanisms 

of pressure-induced optic nerve damage. Prog Retin Eye Res; 24: 217-240. 

4.  Fu QL, Li X, Shi J, Xu G, Wen W, Lee DH et al. (2009) Synaptic degeneration of 

retinal ganglion cells in a rat ocular hypertension glaucoma model. Cell Mol 

Neurobiol; 29: 575-581. 

5.  Chen MS, Huber AB, van der Haar ME, Frank M, Schnell L, Spillmann AA et al. 

(2000) Nogo-A is a myelin-associated neurite outgrowth inhibitor and an antigen 

for monoclonal antibody IN-1. Nature; 403: 434-439. 

6.  McKerracher L, David S, Jackson DL, Kottis V, Dunn RJ, Braun PE. (1994) 

Identification of myelin-associated glycoprotein as a major myelin-derived 

inhibitor of neurite growth. Neuron; 13: 805-811. 

7.  Kottis V, Thibault P, Mikol D, Xiao ZC, Zhang R, Dergham P et al. (2002) 

Oligodendrocyte-myelin glycoprotein (OMgp) is an inhibitor of neurite outgrowth. 

J Neurochem; 82: 1566-1569. 

8.  Wang KC, Koprivica V, Kim JA, Sivasankaran R, Guo Y, Neve RL et al. (2002) 

Oligodendrocyte-myelin glycoprotein is a Nogo receptor ligand that inhibits 

neurite outgrowth. Nature; 417: 941-944. 

9.  Fournier AE, GrandPre T, Strittmatter SM. (2001) Identification of a receptor 

mediating Nogo-66 inhibition of axonal regeneration. Nature; 409: 341-346. 

10. Atwal JK, Pinkston-Gosse J, Syken J, Stawicki S, Wu Y, Shatz C et al. (2008) 

PirB is a functional receptor for myelin inhibitors of axonal regeneration. Science; 

322: 967-970. 

11. Domeniconi M, Filbin MT. (2005) Overcoming inhibitors in myelin to promote 

axonal regeneration. J Neurol Sci; 233: 43-47. 

12. Wang X, Chun SJ, Treloar H, Vartanian T, Greer CA, Strittmatter SM. (2002) 

Localization of Nogo-A and Nogo-66 receptor proteins at sites of axon-myelin 

and synaptic contact. J Neurosci; 22: 5505-5515. 

13. Dodd DA, Niederoest B, Bloechlinger S, Dupuis L, Loeffler JP, Schwab ME. 

(2005) Nogo-A, -B, and -C are found on the cell surface and interact together in 

many different cell types. J Biol Chem; 280: 12494-12502. 

14. Hunt D, Coffin RS, Prinjha RK, Campbell G, Anderson PN. (2003) Nogo-A 

expression in the intact and injured nervous system. Mol Cell Neurosci; 24: 

1083-1102. 

15. Huber AB, Weinmann O, Brosamle C, Oertle T, Schwab ME. (2002) Patterns of 

Nogo mRNA and protein expression in the developing and adult rat and after CNS 

lesions. J Neurosci; 22: 3553-3567. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



15 

16. Cheatwood JL, Emerick AJ, Schwab ME, Kartje GL. (2008) Nogo-A expression 

after focal ischemic stroke in the adult rat. Stroke; 39: 2091-2098. 

17. Tsai SY, Markus TM, Andrews EM, Cheatwood JL, Emerick AJ, Mir AK et al. 

(2007) Intrathecal treatment with anti-Nogo-A antibody improves functional 

recovery in adult rats after stroke. Exp Brain Res; 182: 261-266. 

18. Wang J, Chan CK, Taylor JS, Chan SO. (2008) Localization of Nogo and its 

receptor in the optic pathway of mouse embryos. J Neurosci Res; 86: 1721-1733. 

19. Xiaolei Y, Rongdi Y, Shuxing J, Jian Y. (2009) The expression patterns of Nogo-A 

and NgR in the neonatal rat visual nervous system. Neurochem Res; 34: 

1204-1208. 

20. Aloy EM, Weinmann O, Pot C, Kasper H, Dodd DA, Rulicke T et al. (2006) 

Synaptic destabilization by neuronal Nogo-A. Brain Cell Biol; 35: 137-156. 

21. Jokic N, Gonzalez de Aguilar JL, Dimou L, Lin S, Fergani A, Ruegg MA et al. 

(2006) The neurite outgrowth inhibitor Nogo-A promotes denervation in an 

amyotrophic lateral sclerosis model. EMBO Rep; 7: 1162-1167. 

22. Martini R. (1994) Expression and functional roles of neural cell surface molecules 

and extracellular matrix components during development and regeneration of 

peripheral nerves. J Neurocytol; 23: 1-28. 

23. Habib AA, Marton LS, Allwardt B, Gulcher JR, Mikol DD, Hognason T et al. 

(1998) Expression of the oligodendrocyte-myelin glycoprotein by neurons in the 

mouse central nervous system. J Neurochem; 70: 1704-1711. 

24. WoldeMussie E, Ruiz G, Wijono M, Wheeler LA. (2001) Neuroprotection of 

retinal ganglion cells by brimonidine in rats with laser-induced chronic ocular 

hypertension. Invest Ophthalmol Vis Sci; 42: 2849-2855. 

25. Fu QL, Hu B, Wu W, Pepinsky RB, Mi S, So KF. (2008) Blocking LINGO-1 

Function Promotes Retinal Ganglion Cell Survival Following Ocular 

Hypertension and Optic Nerve Transection. Invest Ophthalmol Vis Sci; 49: 

975-985. 

26. Fu QL, Li X, Yip HK, Shao Z, Wu W, Mi S et al. (2009) Combined effect of 

brain-derived neurotrophic factor and LINGO-1 fusion protein on long-term 

survival of retinal ganglion cells in chronic glaucoma. Neuroscience; 162: 

375-382. 

27. Fu QL, Hu B, Li X, Shao Z, Shi JB, Wu W et al. (2010) LINGO-1 negatively 

regulates TrkB phosphorylation after ocular hypertension. Eur J Neurosci; 31: 

1091-1097. 

28. Weber AJ, Harman CD. (2005) Structure-function relations of parasol cells in the 

normal and glaucomatous primate retina. Invest Ophthalmol Vis Sci; 46: 

3197-3207. 

29. Morquette JB, Di PA. (2008) Dendritic and synaptic protection: is it enough to 

save the retinal ganglion cell body and axon? J Neuroophthalmol; 28: 144-154. 

30. Buckingham BP, Inman DM, Lambert W, Oglesby E, Calkins DJ, Steele MR et al. 

(2008) Progressive ganglion cell degeneration precedes neuronal loss in a mouse 

model of glaucoma. J Neurosci; 28: 2735-2744. 

31. Teng FY, Tang BL. (2008) Nogo-A and Nogo-66 receptor in amyotrophic lateral 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



16 

sclerosis. J Cell Mol Med; 12: 1199-1204. 

32. Contractor A, Rogers C, Maron C, Henkemeyer M, Swanson GT, Heinemann SF. 

(2002) Trans-synaptic Eph receptor-ephrin signaling in hippocampal mossy fiber 

LTP. Science; 296: 1864-1869. 

33. Grunwald IC, Korte M, Adelmann G, Plueck A, Kullander K, Adams RH et al. 

(2004) Hippocampal plasticity requires postsynaptic ephrinBs. Nat Neurosci; 7: 

33-40. 

34. Murai KK, Nguyen LN, Irie F, Yamaguchi Y, Pasquale EB. (2003) Control of 

hippocampal dendritic spine morphology through ephrin-A3/EphA4 signaling. 

Nat Neurosci; 6: 153-160. 

35. Gil V, Nicolas O, Mingorance A, Urena JM, Tang BL, Hirata T et al. (2006) 

Nogo-A expression in the human hippocampus in normal aging and in Alzheimer 

disease. J Neuropathol Exp Neurol; 65: 433-444. 

36. Dupuis L, Gonzalez de Aguilar JL, di SF, Rene F, de TM, Pradat PF et al. (2002) 

Nogo provides a molecular marker for diagnosis of amyotrophic lateral sclerosis. 

Neurobiol Dis; 10: 358-365. 

37. Li RS, Chen BY, Tay DK, Chan HH, Pu ML, So KF. (2006) 

Melanopsin-expressing retinal ganglion cells are more injury-resistant in a chronic 

ocular hypertension model. Invest Ophthalmol Vis Sci;47:2951–2958. 

38. Mi S, Lee X, Shao Z, Thill G, Ji B, Relton J et al. (2004) LINGO-1 is a component 

of the Nogo-66 receptor/p75 signaling complex. Nat Neurosci; 7: 221-228. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



17 

Figure Legends 

 

Figure 1  Immunohistochemistry of Nogo-A in the normal and ocular 

hypertensive retina. (a) Negative control for Nogo-A expression in the retina at 2 

weeks after ocular hypertension. (b) The same visual field showed fluorogold labeled 

retinal ganglion cells in (a). (c) Nogo-A expression in the optic nerve in adult rat as 

positive control. Nogo-A was expressed in the ganglion cell layer in the normal retina 

(d, j). Retinal ganglion cells (RGCs) expressed Nogo-A (white arrow heads) (j-l). 

Some Nogo-A positive cells in the GCL were not FG-labeled RGCs (white arrows). 

Strong Nogo-A expression was found in RGCs (white arrow heads and red arrows), 

especially for RGCs in the GCL, in the IPL and INL at 2 weeks after ocular 

hypertension (m-o). The pictures in the boxes in i-l and m-o were enlarged below. 

Nogo-A staining (green); FG-labeled RGCs (blue); merge of Nogo-A and FG labeling 

(orange). We regarded red as the color of FG in the picture of merge. GCL, ganglion 

cell layer; INL, inner nuclear layer; ONL, outer nuclear layer; FG, fluorogold.  

 

Figure 2 Western blot of Nogo-A in the normal and ocular hypertension retinas. 

Nogo-A expression in the normal and injured eyes with Western blotting and 

densitometric analysis of Western blot analysis (P < 0.05, compared with normal 

retina). n = 5 animals per group. 

 

Figure 3 The expression of Myelin associated glycoprotein (MAG) and 

oligodendrocyte myelin glycoprotein (OMgp) in glaucoma. (a) MAG expression. 
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(a1) Normal retina; (a2) The retina after 2 weeks of ocular hypertension. (a3) optic 

disc in the normal retina. There was no expression of MAG in the normal retinas (a1) 

and after the induction of ocular hypertension (a2). MAG was expressed in the optic 

nerve with myelin sheaths (a3, upper picture: light micropscopy picture to show the 

optic disc structure). (b) OMgp expression. (b1) Normal retina; (b2) The retina after 2 

weeks of ocular hypertension. There was moderate expression of OMgp in the NFL, 

GCL, IPL and INL in the normal retinas (b1). OMgp expression had no change at 2 

weeks after the induction of ocular hypertension (b2). MAG or OMgp staining (green); 

FG-labeled RGCs (blue); We regarded red as the color of FG in the merged picture. 

NFL: nerve fiber layer; GCL, ganglion cell layer; INL, inner nuclear layer; ONL, 

outer nuclear layer; FG, fluorogold. n = 5 animals per group. Bar = 25 µm. 
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