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Chapter 4, page 71 
 
 
 

 
 

Figure 5. Neuronal migration defect in Pex7-/- mice. (A–C) Cresyl violet stained coronal sections of E18.5 brains 
showing wild-type (A), PEX5-/- (B), and Pex7-/- (C) pups (bar=40 mm). (D) Counts of BrdU-labeled cells at E18.5 in 
the intermediate zone after injection into pregnant animals at E13.5. Symbols indicate statistically significant 
differences between wild-type (asterisk) or PEX5-deficient (plus) mice and other experimental groups (** P<0.01, 
*** or +++ P<0.001 in ANOVA with Bonferroni’s multiple comparison test). 
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Figure 6. Impaired ossification in Pex7-/- mice. Whole mount skeletal staining of cartilage (blue) and bone (red) of 
wild-type (Pex7+/+; left column) and knockout (Pex7-/-; right column) P0.5 pups. (A and B) View of the skull floor 
showing impaired ossification of the basisphenoid bone (black arrows) of Pex7-/- mice. (C and D) View of the skull 
floor showing impaired formation of ossification centers in the middle ear (white arrows) of Pex7-/- mice. (E and F) 
Impaired formation of ossification centers in the transverse process of coccygeal vertebrae of Pex7-/-mice (black 
arrowheads). (G and H) Delayed ossification of the calcaneus and lack of ossification in the talus of Pex7-/- 
hindpaws (black arrows). (I and J) Lack of ossification in the middle phalanges (black arrows) of Pex7-/- hindpaws. 
In (J) note the persistence of dense cartilage in the middle region of the phalange. 

/
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Fig. 3 Plasmalogens modulate the damaging effects of VLCFA accumulation in testis. (A-D) Histogical analyses of testis from 
P21 WT (A) Abcd1 KO (B), Pex7 KO (C) and DKO (D) mice stained with nuclear fast red, showing degeneration of seminiferous 
tubules of DKO mice. Arrowheads in (D) point to multinucleated cells found in the lumen of seminiferous tubules. (E) 
Quantification of multinucleated cells (�2 nuclei) per seminiferous tubule of mice from the different genotypes. n=3 for all 
genotypes and scale bars are 50 μm. (F-G) Immunohistochemical detection of cleaved-caspase 3 in the seminiferous tubules 
of P21 Pex7 KO (F) and DKO (G) mice showing an increased number of apoptotic spermatocytes in DKO mice. Arrowheads in 
(G) point to multinucleated cells. (H) Quantification of cleaved-caspase 3 positive cells in seminiferous tubules of mice from 
the different genotypes. Slides were counterstained with hematoxylin. Scale bars are 50 μm. (I-L) Histogical analyses of testis 
from 6-month old WT (I) Abcd1 KO (J), Pex7 KO (K) and DKO (L) mice stained with H&E, showing complete degeneration of the 
seminiferous tubules of Pex7 KO and DKO mice. Arrowheads in (L) denote the increased numbers of Leydig cells in the testis of 
DKO mice. Identification of Leydig cells was achieved by staining adjacent sections with an antibody against nestin (data not 
shown). n=3 for all genotypes and scale bars are 50 μm. 
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Fig. 4 Astrocytosis and microgliosis in the CNS of 
DKO mice. (A-F) Immunohistochemical detection of 
GFAP in the cerebellum (A-D) and brainstem (E-F) of 
10-month old WT (n=5; A) Abcd1 KO (n=3, B), Pex7 
KO (n=4 ,C and E) and DKO (n=5, D and F), revealing 
astrocytosis in cerebellar whitematter and granular 
layer of Pex7 KO and DKO mice. In the brainstem of 
DKO, astrocytes show a more reactive morphology 
and are present in increased numbers. Scale bars 
are 100 μm. (G-J) Immunohistochemical detection 
of F4/80 in the cerebellum (G and H) and brainstem 
(I and J) of10-month old Pex7 KO (n=4, G and I) and 
DKO (n=5, H and J), revealing microgliosis in the 
cerebellar white matter and brainstem of DKO mice. 
Scale bars are 100 μm. 

 Fig. 5 Age-dependent demyelination caused by VLCFA 
accumulation. (A-D) Immunohistochemical detection 
of MBP in the cerebellum of 3-months old WT (n=3; A) 
Abcd1 KO (n=3, B), Pex7 KO (n=3, C) and DKO (n=3, D), 
showing normal myelination in the cerebellum. Slides 
were counterstained with hematoxylin. Scale bars are 
50 mm. (E-F) Immunohistochemical detection of MBP 
in the cerebellum of 10-months old WT (n=4; A) Abcd1 
KO (n=4, B), Pex7 KO (n=3, C) and DKO (n=5, D), 
showing demyelination of the cerebellar white matter 
of the third lobule. Slides were counterstained with 
hematoxylin. Scale bars are 50 μm. Quantification of 
MBP (I) and CNPase (J) levels in lysates from cerebrum 
and cerebellum of 10 months old mice. *P�0.05. 
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Figure 1 Therapeutic effects of AG diet on rescuing the pathology caused by plasmalogen deficiency. 
(a) Testis sections stained with hematoxylin and eosin (H&E). The hallmark of plasmalogen loss in the 
testis of Pex7 KO mice fed a control diet, i.e., Sertoli-only phenotype with severe loss of spermatocytes, 
is rescued upon feeding the AG-diet. Seminiferous tubules from AG-fed Pex7 KO mice display a 
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Harderian gland sections stained with H&E. Harderian glands from Pex7 KO mice fed a control diet 
showed atrophy of glandular cells with reduced cytoplasmic volume and lacking lipid inclusions. After 
AG diet, Harderian glands from Pex7 KO mice showed a restoration in morphology that included the 
�
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� ������ �c) White 
adipose tissue sections stained with H&E. Degenerated adipocytes with small-sized fat inclusions are 
characteristic features found in Pex7 KO mice. After AG diet, adipocytes from Pex7 KO mice displayed 
������� ���
� ���� 	��� ����
���� ����� ��
� �!���� �d) Brown adipose tissue sections stained with H&E. 
Adipocytes from control-fed Pex7 KO mice showed, in contrast to WT, an increased number of small fat 
inclusions within the cytoplasm of adipose cells.  AG-diet restored the histology of adipocytes in brown 
adipose tissue of Pex7 "#� ���
�� ����� ��
� ������ �e) Representative examples of compound muscle 
action potentials recordings after stimulation at the sciatic notch of wild type and Pex7 KO mice fed 
control or AG diets. Increased latencies were observed in control-fed Pex7 KO mice that were partially 
restored after the AG diet. (f) Calculated motor nerve conductance velocities (MNCV) of wild type and 
Pex7 KO mice fed control or AG diets. Bars represent the average values obtained after bilateral 
measurements in wild type and Pex7 KO mice. The AG diet partially restores MNCV in sciatic nerves of 
Pex7 KO mice.  
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Figure 2 Alkyl-glycerol diet is able to restore plasmalogen levels and prevent the development of 
pathology. (a) Plasmalogen levels in multiple tissues from 20-days old (P20) mice fed a control diet (WT 
pups n=4; Pex7 KO pups n=4) or an AG diet (WT pups n=5; Pex7 KO pups n=6). Increased levels of 
plasmalogens are observed in kidney, testis, eye and intestine. (b) Testis sections of P20 WT and Pex7 
KO pups stained with hematoxylin and eosin (H&E). Whereas control-fed Pex7 KO pups already showed 
the degenerative changes in spermatocytes, AG-fed Pex7 KO pups where protected from degenerative 
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� !����� �c) Eye 
sections of P20 WT and Pex7 KO pups stained with Richardson’s. In contrast to the lens of WT pups 
showing organized and orientated fiber cells, the cataract in the lens of control-fed Pex7 KO pups 
shows abnormally sized and abnormally arranged fiber cells. The AG diet prevented the abnormal 
development of fiber cells in Pex7 "#����������
%
���������������	�����������������
�!������d) Eye 
sections of mice showing the correlation between plasmalogen (Pls) levels and the development of 
cataracts in Pex7 KO pups (from each mouse one eye was used for histology and the other eye used for 
biochemical analyses). Whereas complete loss of plasmalogens (Pls=0.0) leads to a massive cataract 
occupying the entire lens, a plasmalogen level of 2.7% is able to prevent cataract formation in Pex7 KO 
pups. Partial restoration of plasmalogens (Pls=1.2%) leads a small nuclear cataract. Sections were 
stained as in (c9�����$������
������� 
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Fig. 3. Phyh-/- mice on a phytol diet develop hepatic lipidosis. H&E staining of livers from WT (A–C) and 
Phyh-/- mice (D–F) on a control diet (A and D), on a 0.1% phytol diet (B and E), and on 0.25% phytol diet 
(C and F). In Phyh-/- mice on a 0.25% phytol diet (F), steatosis is clearly detected by the large lipid 
vacuoles present throughout the liver parenchyma. On a 0.1% phytol diet (E), Phyh-/- mice showed signs 
of microsteatosis (small lipid vacuoles within hepatocytes). (Scale bar: 100 μm.) 
 
 

 
Fig. 4. Loss of spermatogonia in phytol-fed Phyh-/-  mice. Immunohistochemical detection of calreticulin 
in testis of WT mice (A–C) and Phyh-/- (D–F) mice on control diet (A and D), 0.1% phytol diet (B and E), 
and 0.25% phytol diet (C and F). Calreticulin is highly expressed in spermatogonia ofWTmice on control 
diet (A). Loss of spermatogonia in Phyh-/- mice on the 0.1% phytol (E) and 0.25% phytol (F) diets is 
demonstrated by decreased numbers of calreticulin- positive spermatogonia leaving gaps (arrows in E 
and F) in the epithelium of the seminiferous tubules. The slide is hematoxylin QS counterstained. (Scale 
bar: 50μm.) 
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Fig. 6. Loss of Purkinje cells in the cerebellum of Phyh-/- mice fed phytol. Immunohistochemical 
detection of calbindin-D28K in the cerebellum of WT (A–C) and Phyh-/- (D–F) mice fed a control diet (A 
and D), a 0.1% phytol diet (B and E), and a 0.25% phytol diet (C and F). Small areas lacking Purkinje cells 
are evident in the cerebellum of Phyh-/- mice fed the 0.1% phytol diet (E). Widespread loss of Purkinje 
cells is observed in the cerebellum of Phyh-/- mice fed the 0.25% phytol diet, with only a few surviving 
Purkinje cells (F). The slide is hematoxylin QS counterstained. (Scale bar: 100 μm.) 
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Fig. S1. Astrocytosis in Phyh-/- mice due to phytanic acid accumulation. Immunohistochemical  
detection of glial fibrillary acidic protein (GFAP) in WT (A–C and G–I) and Phyh-/- mice (D–F and J–L) in 
the inferior colliculus (A–F), cerebellum (G and  J), hippocampus (Hand K), and spinal cord (I and L) of 
mice fed a control diet (A and D), 0.1% phytol diet (B and E), and 0.25% phytol diet (C, F, and G–L). 
Astrocytosis is clearly detected in the inferior colliculus of Phyh-/- mice on the 0.25% phytol diet (F) but 
absent in Phyh-/-mice fed the 0.1% phytol diet (E). Within the cerebellum, hippocampus, and spinal 
cord, the number and appearance of astrocytes were similar in WT and Phyh-/- mice. The slide was 
hematoxylin QS counterstained. (Scale bar: 100 μm.) 
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Fig. S3. Expression of parvalbumin by immunohistochemical detection in the cortex (A–F) and 
anterodorsal thalamic nuclei (ATN) (G–L) of WT (A–C and G–I) and Phyh-/- mice (D–F and J–L) on a 
control diet (A, D, G, and J), a 0.1% phytol diet (B, E, H, and K), and a 0.25% phytol diet (C, F, I, and L). 
The cerebral cortex of Phyh-/- mice fed the 0.25% phytol diet showed increased numbers of 
parvalbumin-positive neurons (M) as well as increased levels of parvalbumin (F). In the ATN, increased 
parvalbumin-reactivity was detected in Phyh-/- mice from all dietary groups (J–L), with the highest 
expression in Phyh-/- mice fed the 0.25% phytol diet (L). The slide was hematoxylin QS counterstained. 
(Scale bars: 30 μm in A–F and 100 μm in G–L. *, P � 0.05. 
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Fig. S4. Peripheral neuropathy in Phyh-/- mice fed a phytol diet. (A) Motor nerve conductance velocity 
(MNCV) measurements revealed a decrease in Phyh-/-mice fed a 0.1% phytol diet for 8 weeks. *, P � 
0.05. (B) Compound muscle action potentials (CMAPs) recorded after stimulation at the sciatic notch 
showed a delay in onset and a longer duration in Phyh-/- mice fed the phytol diet. (C) 
immunofluorescent detection of MBP in cross-sections of sciatic nerves from Phyh+/+ and Phyh-/- mice 
fed the 0.1% and 0.25% phytol diets. (Scale bar: 10 μm.) (D) Immunohistochemical detection of MBP in 
longitudinal sections of sciatic nerves from Phyh+/+ and Phyh-/- mice fed the 0.1% and 0.25% phytol 
diets. (Scale bar: 30 μm.) 


