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Figure 2. Gliosis, myelin and axonal pathology in spinal cord. Longitudinal sections of the dorsal spinal 

cord in wild type (Wt, ALD-, ALD- /ALDR-/- and ALD-/tgALDR) mice at the age of 22 months processed 

for glial fibrillary acidic protein (GFAP), lectin Lycopericon esculentum, APP, sudan black and 

synaptophysin. Reactive astrogliosis is observed in ALD- and ALD-/ALDR-/- mice when compared with 

WT (a-c and e-g). APP deposits are seen in axons in ALD- and ALD-/ALDR-/- mice, arrows in (j) and (k)). 

This is accompanied by lipidic debris of myelin, as revealed with Sudan black, arrows in (n) and (o). No 

similar findings are found in WT mice (i, m). Abnormal fibers filled with synaptophysin are found in 

ALD- and 2KO mice (r, s). APP and synaptophysin deposits are ubiquitinated (v, w). Prevention of lesions 

occurs in ALD-/tgALDR mice (d, h, l, p, t, x). For semiquantitative analysis, see Table 3. Paraffin sections, 

slight haematoxylin counterstaining. (a-h), bar in (h) = 25 µm. (i-x), bar in (x) = 10 µm. 
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Figure 3. Inflammatory infiltrates of cervical and lumbar spinal cord regions . (a) Toluidin blue staining of 

representative sections of double mutants at 20 months. Inflammatory cells are found in perivascular, 

perimeningeal and Virchow-Robin spaces. (b) Electron micrographs reveals a cluster of T lymphocytes at 

the Virchow-Robin space. (c) In a perivascular infiltrate, the majority of cells are CD3+ positive T cells. 

Behaviour analysis testing. Motor performance of the different mouse lines in a rotarod test, at 15 months 

in (d) and 20 months of age in (e). (f) Number of rearings at 20 months (*P<0.01 when compared to wt). 

(g) Locomotor activity of ALD- mice during an open field test of 15 min of duration, expressed as the 

means of crossed squares/min at 20 months. ALD- are different from wt (P<0.001), ALD-/tgALDR and 

ALD-/ALDR-/- (P<0.01). Groups (n=9 to 16 mice) are compared statistically by ANOVA and Scheffe’s 

tests. Error bars represent the SD from the mean.  
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Table1. Very Long Chain Fatty Acid content in mouse tissues at 8 months of age 

Concentration of fatty acid with indicated carbon chain length in total tissue lipids are expressed as 

percentage of total straight-chain-saturated fatty acids (18> carbons). The data from each group represent the 

mean +/-SD of the values from 4 to 9 male mice. For adrenal gland and sciatic nerve, each value results from 

pooling the organs of 2 animals (e.g. for n=2, 8 adrenals have been analysed). Using ANOVA and Scheffe’s 

tests at p<0.01 : *: significatively different when compared to wt values; **: significatively different when 

compared to ALD- values; using Wilcoxon tests: £: significatively different when compared to wt values; ££: 

significatively different when compared to ALD- values.    

Table2. Peripheral nerve conduction studies  

CMAP: compound muscle action potential. SNCV: sensitive nerve conduction velocity. Ms, milliseconds; 

mV, millivolts. Statistical analysis by ANOVA (*P<0.01, ** P<0.001 when compared to wt). 

Table3. Summary of the main pathological findings in 1-cm-long longitudinal section of the dorsal spinal 

cord in WT, ALD-, ALDR-/-, ALD-/ ALDR-/- and ALD-/tgALDR at 12 months and 22 months of age (n: 

indicates the number of animals examined). Astrocytes are stained with glial fibrillary acidic protein (GFAP) 

and microglial cells with lectin Lycopericon esculentum. *: normal appearance; **: slight , and ***: marked 

increase in the number and size of astrocytes and microglia. APP, synaptophysin and ubiquitin stainings 

indicate abnormal accumulations of these proteins in swollen axons. Sudan black visualises abnormal lipidic 

droplets resulting from myelin debris. 0 : no abnormal fibres; +/-: lesions only found in one individual; +: 

one abnormal fibre per three non-consecutive sections; ++: one fibre per two non-consecutive sections; +++: 

one or more abnormal fibres per section. Active caspase-3 was used to stain caspase-dependent apoptosis; 

the method of in situ end-labelling of nuclear DNA fragmentation to stain cells bearing nuclear DNA breaks. 

0: indicates no caspase-3 activation and no apoptosis in the tissue sections. ALD-/tgALDR animals are 

grouped in two different columns, depending on the different phenotypic features. 
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Table 1. Very Long Chain Fatty Acid content in mouse tissues at 8 months of age 
 
 

  genotype C22 :0 C24 :0 C26 :0 C26/C22 

       
 wt (n=9) 7,54±1,78 10,38±1,65 0,37±0,07 0,05±0,01 

             Spinal cord ALD- (n=8) 6,93±1,40 11,22±2,56 2,46±0,66 * 0,36±0,05 * 
 ALDR-/- (n=4) 7,92±1,25 7,62±0,97 0,69±0,23 0,09±0,04 
 ALD-/ALDR-/-(n=4) 7,96±0,74 14,85±1,81 * ** 2,46±0,24 * 0,31±0,04 * 
 ALD-/tg ALDR(n=5) 8,01±1,35 9,71±1,03 0,39±0,12 ** 0,05±0,02 ** 
 ALD+/tg ALDR (n=4) 8,36±2,17 9,10±1,06 0,17±0,05 0,02±0,01 
      
 wt (n=6) 10,88±2,71 22,69±7,12 0,62±0,18 0,06±0,02 
 ALD- (n=5) 11,92±1,83 28,72±3,57 3,80±0,57 * 0,32±0,03 * 

Sciatic nerve ALDR-/- (n=4) 13,75±1,26 27,53±2,58 0,65±0,13 0,05±0,00 
 ALD-/ALDR-/-(n=4) 14,03±1,30 26,67±1,32 3,71±0,39 * 0,27±0,05 * * 

 ALD-/tgALDR (n=2) 15,96±2,40 ££ 16,86±2,59 ** ££ 0,11±0,01 ** £ ££ 0,01±0,00 ** 
 ALD+/tgALDR (n=2) 15,25±1,43 15,42±1,76 ** ££ 0,19±0,02 £ 0,01±0,00 
      
 wt (n=6) 1,59±0,51 1,23±0,31 0,10±0,04 0,07±0,04 
 ALD- (n=5) 1,10±0,15 2,24±0,20 * 0,82±0,27 * 0,74±0,26 * 
Adrenal Gland ALDR-/- (n=4) 3,48±0,26 * 2,13±0,28 * 0,20±0,04 0,06±0,01 
 ALD-/ALDR-/-(n=4) 6,22±0,48 * ** 5,07±0,58 * ** 1,76±0,27 * ** 0,29±0,06 * ** 
 ALD-/tgALDR (n=2) 0,89±0,09 £ ££ 0,68±0,01 ** £ ££ 0,08±0,00 ** ££ 0,09±0,01 ** 
 ALD+/tgALDR (n=2) 0,94±0,05 £ 0,76±0,18 0,08±0,00 ** ££ 0,08±0,00 
      

wt (n=4) 4,60±0,60 2,60±0,45 0,06±0,01 0,013±0,00 
 ALD- (n=4) 4,30±0,35 3,30±0,32 0,10±0,01 0,024±0,00 

Serum ALDR-/- (n=3) 3,48±0,70 2,66±0,77 0,10±0,03 0,031±0,01 
 ALD-/ALDR-/-(n=3) 3,29±0,12 3,12±0,38 0,16±0,04 * ** 0,047±0,01* ** 

 ALD+/tgALDR (n=2) 4,73±1,16 2,14±0,50 0,05±0,00 0,006±0,00* 
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Table 2. Peripheral nerve conduction studies 

12 months CMAP  SNCV (m/sec) 
 Latency (msec) Amplitude (mV)  

WT(n=8) 0.98+/-0.01 40.21+/-3.92 55.54+/-2.78 
ALD- (n=8) 1.0+/-0.01 48.89+/-4.69 56.48+/-4.33 
ALD-/ALDR-/- (n=12) 1.12+/-0.01* 42.18+/-11.23 44.53+/-6.55 ** 

  
  

20  months CMAP  SNCV (m/sec) 
 Latency (msec) Amplitude (mV)  

WT(n=7) 1.01+/-0.06 41.24+/-4.03 54.32+/-2.41 
ALD (n=9) 1.23+/-0.05* 32.90+/-2.73* 42.40+/-4.33** 
ALD-/tgALDR (n=8) 0.99+/-0.06 46.41+/-4.34 53.60+/-3.14 
ALDR-/- (n=9) 1.02+/-0.04 39.93+/-7.43 54.01+/-5.27 
ALD-/ALDR-/- (n=11) 1.19+/-0.02* 33.85+/-6.02* 43.51+/-5.23** 
ALD+/tgALDR(n=9) 1.02+/-0.02 39.72+/-3.32 56.28+/-4.68 

 
 
 
 
 
Table 3. Summary of pathological findings in spinal cord 

 12 months   22 months    
wt ALD- ALDR-/- ALD- 

ALDR-/-
wt ALD- ALDR-/- ALD- 

ALDR-/-
ALD-/ 

tgALDR 
ALD-/ 

tgALDR

 

n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=3 n=1 n=4 
GFAP * * * ** * ** ** *** * * 
Lectin * * * * * ** ** *** * * 
APP 0 0 0 +/- 0 ++ ++ +++ +/- 0 

Sudan Black 0 0 0 + 0 ++ ++ +++ 0 0 
Synaptophysin 0 +/- +/- + 0 ++ ++ +++ +/- 0 

Ubiquitin 0 0 0 + 0 ++ ++ +++ +/- 0 
Caspase 3 0 0 0 0 0 0 0 0 0 0 

DNA 
fragmentation 0 0 0 0 0 0 0 0 0 0 
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Abbreviations 

VLCFA: very-long-chain fatty acids;  CCALF: cerebral childhood ALD, AMN: 

adrenomyeloneuropathy, PPARα: peroxisome proliferator activated receptor α; SREBP: sterol 

response element binding protein; 4PBA: 4-phenylbutyrate  
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