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Summary. Peroxisomes were visualized by cyto- 
chemical staining for catalase or/and electron mi- 
croscopy in liver biopsies of two boys with child- 
hood adrenoleukodystrophy (ALD), and of two 
girls with autopsy confirmed neonatal adrenoleuk- 
odystrophy (NALD). In a third patient previously 
described as NALD, unusual organelles were seen 
which may be large abnormal microbodies. En- 
larged peroxisomes (determined by morphometry) 
were also present in the livers of the other two 
NALD patients. In the ALD patient whose clinical 
disease was more severe, peroxisomes were larger 
than in the older ALD case. Catalase staining was 
diminished and markedly heterogeneous. Addi- 
tional unusual features such as a separate popula- 
tion of tubular forms, contact with fat droplets, 
marginal plate and invaginations containing glyco- 
gen were seen in the neonatal cases. These data 
are compared to the enlarged or elongated perox- 
isomes and heterogeneous staining in the thiolase- 
deficient "pseudo-Zellweger" patient (Goldfischer 
et al. 1986) and in 2 siblings with acylCoA oxidase 
deficiency (Poll-Th~ et al. 1986, 1988). Enlarged 
peroxisomes are a common feature in this group 
of patients with peroxisomal deficiency disorders, 
suggesting that increased size and lowered meta- 
bolic capacity are associated. Nevertheless a 
marked morphopathological heterogeneity of per- 
oxisomes thus exists in syndromes described as 
NALD including previously published cases. Most 
likely this heterogeneity reflects different enzy- 
matic deficiencies, as confirmed by the biochemical 
data available. Clinically similar syndromes cover 
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divergent microscopical and enzymatic peroxiso- 
mal patterns, and naming of the disease should 
be adapted to reflect such data. Cytochemical stu- 
dies are urged in every suspected patient. 
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Introduction 

Neonatal (NALD) and X-linked juvenile onset ad- 
renoleukodystrophy (ALD) have been recognized 
as peroxisomal disorders (Chen et al. 1987). Evi- 
dence has come from serum and tissue levels of  
very long chain fatty acids (VLCFA) and from 
enzyme activities of fl-oxidation and plasmalogen 
synthesis. Fewer detailed studies have been pub- 
lished about the microscopy of peroxisomes, as 
emphasized recently by Kelley ct al. (1986). 

We report morphometric data on hepatic per- 
oxisomes in 2 patients with classical ALD, and in 
3 children who have died and were described as 
NALD (Aubourg et al. 1986). Catalase cytochem- 
istry to visualize peroxisomes was carried out in 
3 patients. The results are compared to novel data 
from the pseudo-Zellweger patient of  Goldfischer 
ct al. (1986) characterized by the absence of 3-oxo- 
acyl-coenzyme A thiolase (Schram et al. 1987) and 
from 2 siblings with an isolated fatty acylCoA 
oxidase deficiency (Poll-Th~ et al. 1986, 1988). 

Some results have been briefly reported (Rods 
et al. 1986a, b, c). 
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Table 1 

NALD labelled patients ALD patients 

N ° 1 2 3 4 5 

Sex f f f m m 

Age 14 months7 months 8 months Living Living 
at death 15 years 23 years 

Table 2 

VLCFA (plasma) * 

Patient n ° 4 Patient n ° 5 Controls (n = 30) 

C22 79.87 83.66 38.2 ___ 19 
C24 169.72 101.32 27.4 + 16.2 
C26 2.68 2.24 0.35 _+ 0.19 
C24/C22 2.12 1.21 0.68 _+ 0.20 
C26/C22 0.033 0.026 0.011 + 0.007 

* expressed in gmol/1. Determined according to Aubourg et al. 
1985 

Case report 

Patients (Table i). The NALD patients (numbers 1, 2 and 3) 
have been described in detail by Aubourg et al. (1986) (their 
numbers 1, 2, 4). Diagnosis was based on the clinical course, 
increased serum VLCFA, degeneration of white matter ob- 
served by CTscan and at autopsy, and decreased adrenocortical 
function and atrophy. 

In ALD patient number 4 the familial history and infancy 
were unremarkable. At the age of 3 a slight retardation of 
speech was noted. At 8 difficulties at school became apparent, 
followed by a progressive intellectual degradation. Successively 
were detected: a perceptual hearing deficit, strabismus, clumsi- 
ness of movement developing into a bilateral cerebellar syn- 
drome, with later pyramidal symptoms and hemiparesis at left 
and left homonymous hemianopsia. A CTscan showed hypo- 
density of the white matter. Serum VLCFA were increased (Ta- 
ble 2). Adrenocortical function: blood cortisol was very low 
(21 pg/1) and did not rise after ACTH administration. Basal 
ACTH was 140 pg/ml (controls were below 90). Aldosterone 
levels did respond to ACTH. 

At the age of 12 the pyramidal signs became bilateral with 
permanent hypertonicity. The CTscan showed cerebral atrophy 
and zones of oedema along the ventricles. The liver biopsy 
was taken at that age. His mother and sister were found to 
be heterozygotes on basis of their serum VLCFA but were 
both in good health. 

Patient number 5 had a familial history and childhood 
which were also unremarkable. At the age of 12 the first symp- 
toms appeared : deterioration of results at school and decrease 
of visual acuity. Half a year later the boy had convulsions 
which were repeated a few months later. A CTscan showed 
hypodensity in the posterior cerebral lobes. Cutaneous pigmen- 
tation appeared; plasma cortisol was found to be very low 
(25 gg/1) and unresponsive to ACTH administration. Basal 
ACTH was 800 pg/ml. Mineralocorticoid secretion was also 
impaired, as shown by a decline in plasma sodium and un- 
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changed aldosterone during sodium restriction (Prof. J.L. 
Chaussain, Paris). The neurological disease slowly progressed; 
more convulsions took place despite treatment; CT showed 
a marked diffuse cerebral atrophy. 8 years after appearance 
of the first symptoms he was unable to walk, with pyramidal 
as well as cerebellar symptoms. Speech was monosyllabic. Since 
then the disease did not progress further; walking with a cane 
became again possible. The liver biopsy was taken at the age 
of 19 years. Serum VLCFA were raised (Table 2). 

Methods 

Needle biopsies were fixed in buffered formaldehyde + CaClz 
and after a brief rinse, cryostat sections were stained for catalase 
with diaminobenzidine at pH 10.5, as reported previously 
(Roels et al. 1986a). After treatment with OsO4 + K3Fe(CN)6, 
5 Ixm sections were mounted for light microscopy, and 50 pm 
sections were embedded in Epon. The latter were sectioned 
at one-, 2 and 0.4 gm for light microscopy, and at 650 A. for 
electron microscopy, and counterstained with lead only. 

Cytochemical controls consisted of inactivation of the en- 
zyme by heating the sections before incubation in diaminoben- 
zidine. 

From 2 biopsies (patients 1 and 2) no cytochemical prepa- 
rations could be made. They were fixed in 3% glutaraldehyde, 
postosmicated and embedded in Epon. 

Morphometry was performed on electron micrographs at 
magnification of 20,000 x, 63 to 214 peroxisomes per patient 
were measured manually by means of a digitizer tablet (Ibas 
I). For each organelle profile we calculated: area; diameter 
of the circle having the same area as the measured organelle 
(d-circle); ratio between shortest and longest diameter (axial 
ratio). The mean d-circle thus obtained is an underestimation 
of true peroxisomal size because it includes profiles from off- 
centre sections. A corrected mean was calculated according to 
Abe et al. (1983) assuming one size class of spherical organelles. 
Section thickness (according to the microtome setting) was also 
taken into account. As controls we measured: one adult 
(62 years) liver, where no pathology was seen by light microsco- 
py, and 7 livers of children without peroxisomal disorders be- 
tween 5 weeks and i year old. 

Results 

By l ight  m i c r o s c o p y  af ter  ca ta lase  s t a i n i n g  (pa-  
t ien ts  3, 4, 5) typ ica l  pe r ox i some s  were obse rved  
in  the l iver p a r e n c h y m a  o f  b o t h  A L D  as well  as 
o f  the N A L D  pa t i en t .  Ca t a l a se  s t a i n i n g  was  weak-  
ened  in  c o m p a r i s o n  to a d u l t  c o n t r o l  a n d  o the r  ch ip  
d r e n ' s  l ivers ;  this was  very  m a r k e d  in  the  A L D  
case n u m b e r  5 where  v i s u a l i z a t i o n  o f  pe r ox i somes  
was  f u r t he r  h a m p e r e d  by  the  p resence  o f  n u m e r o u s  
large l i po fusc in  g ranu les .  I n  the N A L D  p a t i e n t  3 
some  hepa t i c  reg ions  d i sp layed  e l o n g a t e d  forms ,  
whi le  in  o the r  reg ions  p e r o x i s o m e s  l o o k e d  spher i -  
cal as u sua l  (Figs.  1, 2). This  b i o p s y  also c o n t a i n e d  
large fa t  d rop le t s  a n d  they  were o f t en  in  c o n t a c t  
wi th  p e r o x i s o m e s ;  we. have  seen the s ame  associa-  
t i on  in  the l ivers o f  ch i l d r en  wi th  th io lase  or  acyl-  
C o A  oxidase  deficiencies.  

Af t e r  i n a c t i v a t i o n  o f  ca ta lase ,  he pa t oc y t e s  f r o m  
p a t i e n t  n u m b e r  3 showed  a va r i ab l e  n u m b e r  o f  
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large, angular lipofuscin granules, which corre- 
spond to the dark bodies seen by electron micros- 
copy (Aubourg et al. 1986). 

On electron microscopy of the diaminobenzi- 
dine-stained biopsies the presence of catalase con- 
taining organelles was confirmed. In patient 
number 3 large rounded organelles coexisted in the 
same cell with oval ones, and with tubular elon- 
gated forms, the last type being much narrower 
that the other forms (Figs. 3, 8, 9). The ratio be- 
tween short and long diameter (axial ratio) re- 
flected the existence of different groups of perox- 
isomes: the histogram displayed 3 peaks (Fig. 4). 
A histogram of a control biopsy contained only 
one maximum, corresponding to nearly spherical 
organelles (axial ratio approaches 1) (Fig. 5). In 2 
more biopsies the existence of elongated forms was 
reflected in the histogram: in the older case of acyl- 
CoA-oxidase deficiency (Fig. 6) and in the pseudo- 
Zellweger girl (Fig. 7). The degree of elongation 
indicated by the minimum axial ratio (Table 3), 
as well as the frequency of this type (indicated by 
the height of the peak) were both most extreme 
in patient number 3. However, spherical organelles 
were present simultaneously, as evidenced by the 
axial ratio maxima. Some of the spherical perox- 
isomes of patient number 3 were very large in com- 
parison with the controls, as shown by the maximal 
d-circle (0.99 gm) (Table 3). 

Three more peculiar features were noted in 
biopsy number 3: 

a) The direct contact between elongated perox- 
isomes and fat droplets (Fig. 8). We have observed 
an identical association in the acylCoA oxidase de- 
fect described by Poll-Th6 et al. (1988). 

b) Glycogen particles inside peroxisomes but 
surrounded by a membrane, representing a finger- 
like invagination (Fig. 9). We have seen this config- 
uration also in the children with the oxidase defect. 

[Bar equals I gm unless stated otherwise.] 

Figs. 1, 2. Light microscopy of hepatic peroxisomes visualized 
by their catalase activity. Erythrocytes (e) also stain. 2 gm plas- 
tic section, x 2050. Bar=5 gin. (1) patient number 3: several 
parenchymal cells contain elongated peroxisomes which are 
very unusual in human liver; in adjacent cells peroxisomes are 
round and large. Compare to Figs. 2 and 3. Arrowhead: large 
fat droplet surrounded by peroxisomes. (2) patient number 4: 
numerous round peroxisomes. This image resembles that in 
control livers except for a weaker catalase reaction 

Fig. 3. Electron micrograph after catalase staining shows elon- 
gated peroxisomes typical for patient 3. The amount of enzyme 
reaction product markedly differs between organelles. Mito- 
chondria appear normal, glycogen rosettes are numerous. 
× 13200, B a r = l  lain 
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Figs. 4-7. Frequency histograms of the ratio between smallest and largest diameter (axial ratio or "F -e l l "  used by the Ibas 
program). (4) patient number 3 who possesses the elongated organelles. The histogram shows three peaks corresponding to resp. 
tubular forms, oval organelles and round ones. Examples of round profiles in this patient are shown in Fig. 8. (5) control biopsy 
(boy) showing one maximum with a value near 1, reflecting the preponderance of round forms. (6), (7) the presence of tubular 
peroxisomes is indicated by the tail to the left in a 4-year old girl with acylCoA oxidase deficiency (Poll-Th6 et al. 1986, 1988). 
(6) and in the thiolase deficient baby described by Goldfischer et al. (1986) (7). Both elongation and frequency are less pronounced 
than in patient number 3 : compare to Fig. 4 

c) Membranous  lamellae with irregular spacing 
in parenchymal  cells, at the rim of  fat droplets 
or in the cytoplasm (Fig. 10 a); these are similar 
to the loose lamellae observed in the oxidase defi- 
cient children (Fig. 10 b). In both  patients, the rim 
of  the fat droplets is birefringent (Fig. 11 a and 
b). In contrast  to the polarizing inclusions of  ma- 
crophages in Zellweger's and infantile Refsum's 
disease (Roels et al. 1986 a), birefringence was lost 
after clearing in xylene or Epon embedding. 

In patients number  4 and 5 with late onset 

A L D  the peroxisomes were essentially of  the 
rounded type (Fig. 12). Their sizes did differ how- 
ever: in the chi ldhood A L D  (patient number  4) 
they were significantly larger than  in the juvenile 
A L D  patient (number 5), the latter falling in the 
range of  the control  biopsies (Table 3). 

Catalase reaction product  was remarkably dif- 
ferent between individual peroxisomes in patients 
number  3, 4 and 5 (Figs. 3, 8, 12). Heterogeneity 
of  staining was studied in a large number  of  biop- 
sies; in normal  adult  liver it is usually inconspicu- 
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Fig. 8. Intimate contact between peroxisomes and fat droplets 
in patient number 3. Mark the coexistence of tubular and round 
forms; the latter are not transverse sections through elongated 
ones because their diameter is larger. Catalase staining is 
heterogeneous between individual organelles, x 16600, Bar= 
1 gm 

Fig. 9. A peroxisome containing glycogen which is surrounded 
by a membrane; this configuration probably represents an in- 
vagination of cytoplasm. Patient number 3. x 72000, Bar= 
0.1 gm 

Table 3. Morphometry of peroxisomes 

ous but  its d iagnost ic  significance remains  unclear  
(Roels  and  Cornelis  1988). In  the pseudo-Zel lweger  
and  oxidase deficient livers, heterogeilei ty was very 
str iking (Goldf ischer  et al. 1986; Poll-Th6 e t a l .  
1988). 

In  u l t ras t ruc tura l  examina t ion  wi thout  cyto-  
chemical  s taining o f  the liver o f  N A L D  pat ien t  
n u m b e r  2, mic robodies  were regular ly  observed  
which were morpho log ica l ly  identical  to no rma l  
h u m a n  perox isomes  (Fig. 13). The i r  f o r m  and  size 
(as d o c u m e n t e d  by  m o r p h o m e t r y )  were in the 
range  o f  the controls  except  for  a few large speci- 
mens  (Table  3: max.  d-circle). In  rare  mic robodies  
a marg ina l  plate  was seen (Fig. 13, inset). N A L D  
pat ien t  n u m b e r  1 did not  display n o r m a l  mic robo -  
dies. H o w e v e r  an organel le  was regular ly  seen 
which is not  f ound  in n o r m a l  livers (Fig. 14). I t  
was b o u n d  by  a single m e m b r a n e  but  was readily 
dist inguished f rom lysosomes  by:  

(I) a h o m o g e n e o u s  mat r ix  ( lysosomes often 
possess he te rogeneous  contents) ;  (II)  no electron 
lucent space separa t ing  m e m b r a n e  and  mat r ix  (ly- 
sosomes  always show a halo) ;  ( I I I )  the r a n d o m  
dis t r ibut ion in the p a r e n c h y m a l  cell ( lysosomes are 
preferent ia l ly  localized near  the bile canaliculus);  
(IV) a bo rde r  o f  cisternae o f  s m o o t h  endop lasmic  
re t iculum (Fig. 14, inset), a feature  typical  o f  per-  
oxisomes.  These organelles were round  or slightly 
oval and  their  ma t r ix  was f locculent  with low den- 
sity. F r o m  their  size they were c o m p a r a b l e  to large 
perox isomes  (Table  2), the largest  still s taying 
below those o f  the 3 biopsies with the acy lCoA 
oxidase defect:  m a x i m u m  d-circle 1.11 g m  versus 
1.34, 1.28 and  1.47 g m  (Poll-Th6 et al. 1988). In  
the pseudo-Zel lweger  pa t ien t  the max ima l  d-circle 
was 1.24 gin. 

Patient Diameter (d-circle)a 

mean SE corr. max. 
mean 

Axial ratio b N 

min. median max. min. 

1 703 21 1067 1105 294 
2 529 17 807 937 239 
3 506 12 788 992 170 

4 587 14 867 795 254 
5 471 10 713 814 180 
control adult 62 years 534 14 803 820 287 
control girl 5 weeks 478 14 727 796 244 
control boy 4 months 481 9 723 758 242 
pseudo-Zellweger 607 27 967 1240 184 
oxidase deficient girl 670 14 1037 1338 197 

0.864 0.973 0.506 68 
0.881 0.993 0.526 80 
0.621 0.980 0.178 214 

0.831 0.992 0.567 63 
0.848 0.977 0.378 154 
0.853 0.989 0.554 73 
0.892 0.986 0.399 97 
0.916 0.995 0.590 141 
0.765 0.975 0.371 87 
0.807 0.981 0.244 112 

a d-circle expressed in 10 - 3  gm. Corr. mean: corrected according to Abe et al. 1983, formula 
thickness; see Methods 
b Axial ratio: short over long axis; N: number of peroxisomes measured 

(9), taking into account section 
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Fig. 10. Irregularly spaced 
membranous lameUae in hepatic 
parenchymal cells. (a) patient 
number 3. Compare to Fig. 2 in 
Goldfischer et al. (1986) describing 
the thiolase deficient girl. (b) 
acylCoA oxidase deficient boy 
reported by Poll-Th6 et al. (1988). 
A mitochondrion is involved in the 
extension of the lamellar stack; 
although this finding was rare, it 
was detected also in patient 
number 3. x 62200, B a r =  1 p,m 

Many of these unusual organelles contained a 
excentrally located density (Fig. 14); in contrast 
to nucleoids of peroxisomes of rodents, this density 
did not display a periodical structure. Because ul- 
trathin sections can be made which do not pass 
through this nucleoid, it is likely that the latter 
is actually present in most or all organelles. Ultra- 
structure warrants the proposal that the organelles 
are abnormal microbodies. 

Discussion 

Kelley et al. (1986) have summarized the micro- 
scopical data on peroxisomes in NALD. Perox- 
isomes were reported to be either normal or greatly 
decreased in size and number (Goldfiseher et al. 
1985; Vamecq et al. 1986), or absent. In 2/3 of 
this last group of patients, Kelley et al. estimate 
that diagnosis was not confirmed. Except for the 
paper by Goldfischer et al. (1985), detailed cyto- 

chemical or morphometr ic  data have not docu- 
mented these findings. Absence of peroxisomes 
was also demonstrated by digitonin titration of 
cultured fibroblasts (Wanders et al. 1987a), but it 
is unclear whether such observation may be extra- 
polated to liver (Arias etal .  1985; Beard etal .  
1986). 

In our series, patients number 2 and 3, labelled 
as NALD, have hepatic peroxisomes that are not 
decreased in size or number. In patient number 1 
we are not certain about the nature of the abnor- 
mal microbodies. Sternlieb and Quintana (1977) 
have published micrographs of human perox- 
isomes with an amorphous nucleoid, or with a floc- 
culent matrix, which are reminiscent of  our find- 
ings; these per0xisomes usually were enlarged. 
When our results are added to those of other re- 
ports, it appears that in patients with a clinical, 
chemical and neuropathological picture labelled as 
NALD, liver peroxisomes are more often present 
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Fig. 11. Cryostat sections of formol-calcium fixed liver mounted 
in water soluble medium and observed in polarized light: pe- 
riphery of fat droplets is birefringent. (a) patient number 3. 
(b) girl with acylCoA oxidase deficiency. Most, but not all fat 
droplets are black from postosmication indicating the presence 
of unsaturated fatty acids. This is similar to the thiolase-defi- 
cient patient (Goldfischer et al. 1986). In patient number 3 fat 
is more often unstained by osmium. When dehydrated and 
cleared in xylene or embedded in Epon sections lose their polar- 
izing material, x 380, Bar = 10 ~tm 

than not; their cytochemical visualization in the 
light microscope must be possible in many cases. 

The peroxisomes which we describe here pos- 
sess unusual ultrastructural features: tubular 
forms, invaginations containing glycogen, an en- 
tirely abnormal morphology in patient 1, marginal 
plates. Sternlieb and Quintana (1977) reported 
elongated peroxisomes in a single patient with 
cholangiocarcinoma. A marginal plate is charac- 
teristic in some animals and in human kidney per- 
oxisomes but unusual in human liver; although 
it was reported in normal specimens, it seemed to 
occur more often in liver disease (Sternlieb and 
Quintana 1977). These results underline the neces- 
sity to perform cytochemistry and electron micros- 
copy systematically; without catalase staining the 
tubular forms most probably had not been recog- 
nized. 

Our results confirm and extend the rather het- 
erogeneous picture presented by peroxisomes in 
patients described previously as NALD (Kelley 
et al. 1986). Although diagnosis was warranted on 
the basis of  the clinical picture, neuropathology 
and the accumulation of VLCFA, enzymatic de- 
fects were not known at that time, nor was perox- 
isome morphology taken into account. Because the 
latter varies so much within this group of patients, 
it is most unlikely that enzymatic defects will be 
identical. This is confirmed by recent investigations 
on fibroblasts from patient number 3 (Poll-Th6 
et al. 1987): oxidation of lignoceric acid (C24:O) 
was severely decreased, but acylCoA oxidase was 
normal in immunoblotting experiments. More- 
over, plasmalogen synthesis was normal. So pa- 
tient number 3 can be distinguished from the two 
siblings with acylCoA oxidase deficiency as well 
as from NALD patients who have a disturbed plas- 
malogen metabolism (Kelley et al. 1986). Peroxiso- 
real morphology reflects these differences. The 
clinical picture, on the other hand, can be very 
similar because the defect of  any step of  the fl- 
oxidation sequence, cofactor or regulatory system, 
must ultimately lead to comparable accumulation 
of metabolites. This is well illustrated by the pa- 
tient with the isolated thiolase deficiency, whose 
clinical course and many chemical data were al- 
most identical to true Zellwegers syndrome 
(Schram et al. 1987), but who showed large and 
numerous peroxisomes. Some characteristics of the 
thiolase deficient peroxisomes are not unlike those 
in patient number 3 and the oxidase deficient chil- 
dren. 

In order to avoid confusion, future diagnosis 
and naming of  the disease should take into account 
peroxisomal morphology and enzymatic data as 
well. 

Morphological heterogeneity of liver perox- 
isomes has also come to light in children described 
as suffering from phytanic acid oxidase deficiency 
or infantile Refsum disease (IRD) (Roels et al. 
1986a; Beard et al. 1986). 

In our other patients the precise enzyme defects 
were not studied. As a general rule, it can be ex- 
pected that if peroxisomes or any altered organelle 
are abundant, only one or few enzymes will be 
deficient. This also holds for X-linked ALD where 
only the activity of the VLCFA-CoA synthase 
(CoA-SH ligase), the very first enzyme of the fl- 
oxidation sequence, is impaired (Hashmi et al. 
1986; Wanders et al. 1987b). However, when there 
is a complete lack or severe reduction of perox- 
isomes, many enzymes are non-functional, even 
though their synthesis may be normal. It is not 
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Fig. 12. Round peroxisomes in 
patient number 4. Catalase staining 
markedly differs between 
organelles; the larger ones tend to 
show a weaker reaction. Numerous 
glycogen rosettes, x 18 300, Bar = 
I gm 

Fig. 13. Typical human microbodies 
in patient number 2 (marked with 
asterisk); preparation without 
catalase staining, x 16000. Inset: 
microbody with marginal plate as 
sometimes seen in patient number 2. 
x 60200, Bar=0.5  gm 

Fig, 14. The atypical organelles in 
patient number 1 are marked with 
an asterisk. Their matrix has low 
density and is homogeneous, except 
for a nucleoid, x 12000. Inset: 
nucleoid is structureless. Organelle 
is surrounded by cisternae of SER, 
which is a peroxisomal 
characteristic, x 30000, Bar= 1 gm 
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known which deviations are pathogenetic, and 
which are of little consequence. The defect of  plas- 
malogen synthesis in Zellweger's, IRD and most 
NALD is accompanying the malformation of  per- 
oxisomes but appears unrelated to the aetiolo- 
gy of neurological disease, since in thiolase defi- 
ciency (Goldfischer et al. 1986), acylCoA oxidase 
deficiency (Poll-Th~ 1986; 1988) and in our 
patient number 3 this pathway was functioning 
while lesions of the central nervous system were 
severe. 

The microscopy of peroxisomes in X-linked 
ALD was reported in only one patient (Goldfischer 
and Reddy 1984; Goldfischer et al. 1985). Their 
size was similar to that of  our patient number 4, 
as was the age of onset of  the illness (8 years). 
In patient 5, peroxisomes were smaller. We suggest 
that peroxisomal size is related to the severity of 
clinical disease, i.e. that larger peroxisomes are as- 
sociated with earlier manifestation and faster pro- 
gression of the symptoms. The clinical course 
clearly differed between both patients, and there 
is more new evidence for such a relationship. Un- 
usually large peroxisomes were found in disorders 
with a deficient peroxisomal enzyme: in thiolase 
deficiency, in all 3 biopsies of  the oxidase defective 
siblings, in our patients number 1, 2 and 3. More- 
over, in many livers the larger peroxisomes possess 
lower catalase concentrations (Roels and Cornelis 
1988). In order to explain this relationship, one 
should point out that the increased metabolic rate 
and raised peroxisomal /?-oxidation capacity eli- 
cited by thyroid hormones is expressed in numer- 
ous but smaller hepatic peroxisomes (Fringes and 
Reith 1982; Just and Hartl 1983) while hypothyr- 
oidism is accompanied by macroperoxisomes 
(Riede et al. 1978). The reduced catalase staining 
in many peroxisomes of ALD patient number 4, 
of  the pseudo-Zellweger child and in all perox- 
isomes of the oxidase defective siblings and patient 
number 5, could reflect one mechanism for low- 
ered metabolic rate, i.e. a diminished enzymatic 
activity per unit volume. 

Diminished catalase staining of hepatic perox- 
isomes is in itself not specific for a particular dis- 
order (Roels et al. 1983), and some of the ultra- 
structural abnormalities, as mentioned earlier, 
have been reported in more than one pathological 
condition. 

A striking configuration of  peroxisomes asso- 
ciated with fat droplets was observed in patient 3 
as well as in both children with acylCoA oxidase 
deficiency. As fatty acid breakdown is depressed 
in these patients, the intimate contact of  both 
structures may be interpreted as some "compensa- 
tory"  phenomenon. The proliferation of  perox- 

isomes in lipodystrophy was also linked to the 
raised levels of  fatty acids (Klar et al. 1987). 

Fat  droplets in liver parenchyma do not con- 
tain the trilaminar, regularly spaced, rigid struc- 
tures typical of  hepatic lysosomes in IRD and Zell- 
weger, and of brain macrophages, adrenocortical 
cells, Leydig cells, a.o., in ALD and NALD (Gha- 
tak et al. 1981 ; Haas et al. 1982; Jaffe et al. 1982; 
Manz et al. 1980; Schaumburg et al. 1977; Ulrich 
et al. 1978; Vamecq et al. 1986). These structures 
are believed to reflect the storage of VLCFA 
(Powers et al. 1980; Vamecq et al. 1986). The fat 
droplets in patient number 3, as well as in the thio- 
lase deficient infant and the oxidase deficient si- 
blings, do contain membranes with irregular spac- 
ing and their birefringence is also very similar. 
Membranous accumulations have also been ob- 
served after experimental in vivo inhibition Of per- 
oxisomal fl-oxidation (Van den Branden et al. 
1987; Vamecq et al. 1987). 

We have searched for common microscopical 
features in a group of patients with peroxisomal 
disorders. The occurrence of enlarged peroxisomes 
was associated with the clinically more severe syn- 
dromes. Heterogeneity of staining with reduced ca- 
talase activity in many peroxisomes was seen in 
all cases, but is not specific for diseases caused 
by peroxisomal deficiencies. Elongated perox- 
isomes, their association with fat, invagination of 
cytoplasm and fat droplets with birefringent lamel- 
lae were found in several but not all syndromes 
with neonatal onset. In addition to common fea- 
tures, liver microscopy displayed important differ- 
ences between clinically comparable i.e. NALD la- 
belled patients. 

In several patients it is proven that these micro- 
scopical differences correspond to separate enzyme 
defects. We propose such a relationship as a gener- 
al working hypothesis. 
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