






































Fig. 1 

Figure 1. Schematic of Nogo genes and indicated probe regions. Three different isoforms, the 4.6-kb-long transcript 
Nogo-A, the 2.6-kb-long Nogo-B, and the 1.7-kb-long Nogo-C are generated by alternative promoter usage and/or splicing 
from a single gene. The oligonucleotide Nogo-A/B is specific for the splice forms Nogo-A and Nogo-B, whereas the 
oligonucleotide Nogo pan detects all three Nogo forms (blue region) because of the common 188 amino acid long C 
terminus. The Nogo-A I, Nogo-A II, Nogo-A/B, and Nogo-A pan oligonucleotides essentially gave the same expression 
pattern as the Nogo-A-specific oligonucleotides alone. The oligonucleotides Nogo-A I, Nogo-A II, Nogo-B, and Nogo-C 
were specific for the respective genes. The red region indicates sequence homology of Nogo-A and Nogo-B; the green 
region indicates unique sequence of Nogo-A; the yellow region indicates the unique 150 bp of Nogo-C mRNA.



Fig. 2 

Figure 2. Myelination of the hippocampus during development. A) Schematic diagram of the lamination and main 
projection to the hippocampus. The perforant path originates from the layer II and layer III neurons of the entorhinal cortex 
(ec) and terminates in the outer molecular layer (oml) of the dentate gyrus and in the stratum lacunosum-moleculare (slm) 
of the CA1-CA3 region. iml, inner molecular layer of the dentate gyrus; hi, hilus; CA, cornu ammonis; sr, stratum 
radiata; so, stratum oriens; wm, white matter; pcl, pyramidal cell layer; gcl, granule cell layer. B–F) Myelinated fiber 
detection revealed by Black Gold staining in the developing hippocampal region. The first appearance of myelinated fibers 
in the hippocampus was seen at postnatal day 17 (P17) in the outer molecular layer (oml) of the dentate gyrus and in the 
stratum lacunosum-moleculare (slm) (D), whereas at P0 and P5 hardly any Black Gold stained fibers were detectable
(B, C). The myelination pattern in the entorhinal termination zone was fulfilled at P25 and remained unchanged throughout 
adulthood (E, F). Scale bar for B and C = 100 μm; scale bar in F for D, E, and F = 60 μm. The asterisk in C indicates a 
blood vessel.



Fig. 3 

Figure 3. Expression of Nogo genes and MBP in the developing hippocampus: in situ hybridization of horizontal 
hippocampal sections of different developmental time points. At P0, Nogo-A and Nogo-B and Ng66R transcripts were 
located in the hippocampal subregions, whereas the Nogo-C mRNA appeared in a significant amount first at P15. At P30, 
all three Nogo transcripts and the receptor were present in the hippocampus, with the strongest hybridization signals for 
Nogo-A. In contrast, MBP mRNA first appeared at P15 in the hippocampal neurophil, whereas neuronal cell layers were 
devoid of hybridization signals. At P30, MBP transcripts were located in the strata lacunosum-moleculare and oriens, with 
the strongest signals in the fimbria and anterior commissure. Scale bar = 900 μm.



Fig. 4 

Figure 4. Cellular distribution of Nogo-A mRNA expression in the adult hippocampus. A) Overview shows the 
nonradioactive hybridization pattern of Nogo-A transcripts in the hippocampal formation. gcl, granule cell layer; ml, 
molecular layer; CA, cornu ammonis; hi, hilus; ff, fimbria fornix. B) Nogo-A-expressing neurons were observed in the 
entorhinal cortex (ec) of layers II and III, whereas layer I was devoid of any hybridization signal. C) Higher magnification 
of the boxed area in B. Arrows indicate strongly labeled neurons in layers II and III. D) Nogo-A mRNA-positive neurons 
were found in the granule cell layer of the dentate gyrus, whereas the molecular layer was free of any hybridization signal. 
E) Higher magnification of the fimbria fornix in A. In the white matter, Nogo-A mRNA was found in oligodendrocytes 
(arrows). F) Note the absence of staining in the controls, which were hybridized with the sense probe. Nogo-A mRNA-
expressing cells in the dentate gyrus (G) and the corresponding Nissl staining (H) and nuclear staining (I). Scale bar in A = 
200 μm; in B = 40 μm; in F for C, D, E, and F = 35 μm; in I for G, H, and I  = 20 μm.





Fig. 6 

Figure 6. Nogo-A mRNA expression pattern in the hippocampus after lesion. A) The sense image shows a brain 
section probed with an excess of unlabeled oligonucleotides. Expression of Nogo-A mRNA hybridization pattern in 
horizontal brain sections of adult nonlesioned controls (B), and 1 (C), 5 (D), 10 (E), and 28 (F) dal as detected by in situ 
hybridization with the Nogo-A I oligonucleotide. Strong upregulation in the CA1, CA3, dentate gyrus, and hilar (hi) 
region was already detectable at 1 dal. At 10 dal, the mRNA expression levels of the CA region reached control levels, 
whereas the hilar regions showed decreased hybridization signals in comparison to nonlesioned controls. Scale bar = 400 
μm. gcl, granule cell layer; CA, cornu ammonis.



Fig. 7 

Figure 7. Nogo-B mRNA expression pattern and quantitative analysis after lesion in rat brain. A) Nogo-B 
mRNA hybridization pattern in the adult rat brain, 1, 3, 5, and 28 dal as detected by in situ hybridization with the Nogo-B 
oligonucleotide. The sense image shows an adult rat brain section hybridized with a 100-fold surplus of unlabeled 
oligonucleotides. Arrows indicate strong upregulation in ipsilateral cortex at 1 dal until 5 dal. At 1 dal, an increased 
hybridization pattern in all cell layers of the ipsilateral hippocampus occurred, which was subsequently reduced in longer 
survival stages. Asterisks indicate the lesion side. Scale bar = 3.75 mm. B) Quantitative analysis of Nogo-B mRNA 
expression in the cortex and hippocampus of both sides of the lesion. The time course of changes in mRNA expression 
after ECL was analyzed by in situ hybridization in the granule cell layer (gcl), CA1, CA3, and hilar region. Data are 
expressed as the percentage of means of the optical density found in the adult nonlesioned controls. Results are given ± SD

from 6 rats in each group (n = 12). Statistical significance is indicated by asterisks (*P<0.05; **P<0.01; ***P<0.001;
Mann-Whitney U test).





Fig. 9 

Figure 9. Expression pattern and quantitative analysis of Nogo-C mRNA after lesion in rat hippocampus. A) In 
situ hybridization analysis of Nogo-C transcripts in horizontal sections of adult control hippocampus, 1, 3, 5, 10, 15, and 21 
dal and the corresponding Nissl-stained sections. A strong increase in hybridization signal was detectable in all cell layers 
of the ipsilateral hippocampus at 1 and 3 dal. At 5 dal, a reduced signal was detected specifically in the CA1 region. A 
strong decrease in Nogo-C mRNA levels occurred in the CA1-CA3 region and in the granule cell layer (gcl) at 10 and 15 
dal, whereas the signal in the hilus (hi) remained up-regulated. The hybridization signal reverted to basal level at 21 dal. 
Adult rat brain sections hybridized with a 100-fold surplus of unlabeled oligonucleotides served as controls. CA, cornu 
ammonis. Scale bar = 400 μm. B) Quantitative analysis of Nogo-C mRNA expression in the cortex and hippocampus of 
both sides of the lesion. The time course of changes in mRNA expression after ECL was analyzed by in situ hybridization 
in the granule cell layer (gcl), CA1, CA3, and hilar region. Data are expressed as the percentage of means of the optical 
density found in the adult nonlesioned controls. Results are given ± SD from 6 rats in each group (n = 12). Statistical 
significance is indicated by asterisks (*P<0.05; **P<0.01; ***P<0.001; Mann-Whitney U test).



Fig. 10 

Figure 10. Ng66R mRNA expression pattern and quantitative analysis after lesion. A) Hybridization signal of 
Ng66R mRNA in horizontal adult brain sections from nonlesioned controls, and 1, 5, 10, and 28 dal. Arrows indicate the 
increased hybridization signals in the contralateral cortex. Asterisks indicate the lesion side. Controls were obtained with a 
100-fold surplus of unlabeled oligonucleotides. Scale bar = 3.75 mm. B) Quantitative analysis of the Ng66R expression in 
the cortex, granule cell layer of the dentate gyrus, pyramidal cells of the CA1 and CA3 region, and hilar region of both 
sides of the lesion. Data are expressed as the percentage of means of the optical density found in the adult nonlesioned 
controls. Results are given ± SD from 6 rats in each group (n = 12). Statistical significance is indicated by asterisks 
(*P<0.05; **P<0.01; ***P<0.001; Mann-Whitney U test).



Fig. 11 

Figure 11. Ng66R mRNA expression pattern in the hippocampus after lesion. A) The sense image shows a brain 
section probed with an excess of unlabeled oligonucleotides. Ng66R mRNA expression in horizontal adult brain sections 
from nonlesioned controls (B), and 1 (C), 5 (D), 10 (E), and 28 (F) dal. Scale bar = 400 μm. gcl, granule cell layer; hi, 
hilus; CA, cornu ammonis.



Fig. 12 

Figure 12. Longitudinal expression profile of Nogo genes in the hippocampus after entorhinal lesion. Values of 
relative levels of Nogo-A, -B, and -C and Ng66R mRNAs from in situ hybridization analysis are given for adult 
nonlesioned controls and 1–28 dal in ipsilateral and contralateral granule cell layers of the dentate gyrus (A, B) and 
ipsilateral and contralateral cortex (C, D). Results are given ± SD from 6 rats in each group (n = 12). Statistical significance 
is indicated by asterisks (*P<0.05; **P<0.01; ***P<0.001; Mann-Whitney U test).



Fig. 13 

Figure 13. MBP mRNA expression pattern and quantitative analysis after lesion in the hippocampus. A)
Expression of MBP mRNA in horizontal sections of adult control hippocampus 1, 10, 15, and 28 dal and the corresponding 
Nissl-stained section. Increased expression signals were present in the strata lacunosum-moleculare (slm) and radiata (sr) 
of the CA3 region and the hilar (hi) region with a maximum at 15 dal. Controls were obtained with a 100-fold surplus of 
unlabeled oligonucleotides. CA, cornu ammonis; gcl, granule cell layer; ml, molecular layer; so, stratum oriens; sr, stratum 
radiatum. Scale bar = 360 μm. B) Quantitative analysis of MBP mRNA expression in the hippocampus after lesioning. The 
time course of changes in mRNA expression after ECL was analyzed by in situ hybridization in the hippocampal neuropil. 
Data are expressed as the percentage of means of the optical density found in the adult nonlesioned controls. Results are 
given ± SD from 6 rats in each group (n = 12). Statistical significance is indicated by asterisks (*P<0.05; **P<0.01;
***P<0.001; Mann-Whitney U test).



Fig. 14 

Figure 14. Nogo-A expression and quantitative analysis during development and after lesion. A) Nogo-A (205 
kDa) protein levels and quantification in total protein extracts from postnatal hippocampus (1), adult hippocampus (2), and 
lesioned hippocampus 5 dal (3). B) β-Actin (42 kDa) expression levels and quantification shown for equal protein loading. 
C) Data from each experiment were quantified, and the ratio of Nogo-A to β-actin is given. Western blots were obtained on 
soluble total protein extracts by using the monoclonal antibody Nogo-A (α-C7) and β-actin. Data are expressed as the 
mean of three different experiments. Error bars represent ± SD. Statistical significance is indicated by asterisks (*P<0.05;
**P<0.01; ***P<0.001; Mann-Whitney U test).
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Fig. 16 

Figure 16. Summary of Nogo expression data in the hippocampus under control conditions (A) and after lesion
(B). It is proposed that Nogo genes are expressed by granule cells (GC). Ng66R-expressing entorhinal axons are restricted 
to the outer molecular layer (OML) and do not enter the Nogo-rich inner molecular layer (IML). B) After lesioning, 
regrowing axons that do not bear the Ng66R can enter the Nogo-rich zone, which thereby leads to a replacement of lost 
entorhinal axons in the outer molecular layer. The decreased Ng66R expression correlates well with the time of axon 
growth into the lesioned hippocampus, if a transiently reduced axonal responsiveness to Nogo-A is assumed. The figure 
indicates the sources of the afferents coming from the EC, entorhinal projection; from the ipsilateral and contralateral 
hippocampus (C/A, commissural/associational fibers); Sept, septal projection; GCL, granule cell layer.


