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Zellweger's syndrome and related peroxisomal disorders are
lethal congenital diseases whose pathogenesis is still poorly
understood. The low levels of docosahexaenoic acid found in
these patients seem to be related to the pathogenesis of the
disease. This is confirmed by the fact that correcting their
docosahexaenoic acid deficiency improves the patients
significantly. All treatments currently reported involve the use of
low-fat diets. This review presents a totally different therapeutic
approach. The aim is to correct the docosahexaenoic acid
deficiency in the first place, and give the child a normal diet in
order to provide all the nutrients necessary for growth and
development. The biochemical and clinical improvements
produced by this approach suggest that, if given very early
during development, docosahexaenoic acid therapy might
prevent some of the devastating consequences of peroxisomal
disorders. Curr Opin Clin Nutr Metab Care 3:101-108. « 2000 Lippincott
Williams & Wilkins.
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Abbreviations

AA arachidonic acid

DHA docosahexasnoic acid

DHA-EE  docosahexaenoic acid ethyl ester
IRD infantile Refsum's disease

NALD neonatal adrenocleukodystrophy
PBD peroxisomal biogenesis disorders
PTS peroxisomal targeting signals

PUFA polyunsaturated fatty acids
VLCFA very long chain fatty acids
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Introduction

Microbodies [1] or peroxisomes [2] are small single
membrane-bounded intracellular organelles, with an
average diameter of 0.5 my, present in most cukarvortic
cells. The term ‘peroxisomes’ comes from their ability to
oxidize various substrates producing hydrogen peroxide,
which is then decomposed by catalase. The importance
of peroxisomes in medicine has increased over the past
vears, because in 1973 Goldfischer er a/. [3] discovered
that the brains, livers, and proximal tubules of the
kidneys in children with Zellweger’s syndrome do not
have recognizable peroxisomes. Since then a new group
of genetic diseases has been identified, whose common
denominator is the absence of disunguishable peroxi-
somes. These diseases are commonly called generalized
peroxisomal disorders, so because multple
peroxisomal enzymes are defective. From the cellular
point of view, however, many researchers prefer to call
these diseases ‘disorders of peroxisome assembly’ or
‘peroxisomal biogenesis disorders’ (PBD) [4]. These
terms come from the origin of these diseases, which is
attributed to a failure in peroxisome assembly because of
a defective import of newly synthesized peroxisomal
proteins into the organelle mawuix. PBD are lethal
diseases, whose pathogenesis is still badly understood.
Any therapeutic approach has thus been limited to
alleviating the symptoms of these secvere disorders.

named

Several palliative therapies have been tested, mostly
based on reducing some of the biochemical abnormal-
itics, but there is still no unanimous criterion as to the
most beneficial treatment for these patients. This article
presents a new therapeutic approach based on the
personal findings of the author, whose aim is to correct
the deficiency of a most important polyunsaturated fatty
acid (PUFA) (docosahexacnoic acid; DHA) without
depriving the patient of any necessary nutrients. Some
background information on this heterogenecous group of
congenital diseases 1s given first.

Clinical and biochemical abnormalities in
peroxisomal biogenesis disorders
There 1s a great heterogencity among generalized
peroxisomal disorders, both clinically and genetically.
The cerebro—hepato—renal syndrome of Zellweger is the
prototype [5,6]. From the clinical point of view, classic
Zellweger’s syndrome is a lethal disease with a life
expecrancy of just a few months. The central nervous
system is deeply affected, involving neurons, myelin and
the sensorineural organs. There is severe hyportonia,
scizures since birth, and profound psychomortor retarda-
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tion. Magnetic resonance imaging and post-mortem
examination show neuronal heterotopias and dysmyeli-
nation. Hepatomegaly and altered liver tests are quite
constant. Often, other organs are also affected, such as
the kidneys, bones, and adrenal glands. There arc less
severe phenotypes of Zellweger’s syndrome, such as
neonatal adrenoleukodystrophy (NALD) [7,8] and in-
fantile Refsum’s disease (IRD) [9,10]. Paticnts with
these variants may live for several years, and some can
cven reach adulthood. No clear clinical or biochemical
delimitation exists berween the various phenotypes, the
fundamental abnormalities being basically the same, and
the current view is that peroxisomal disorders form a
disease continuum, with different degrees of severity

[11].

T'he biochemical abnormalities in all phenotypes arc
quite similar, produced by the failure of multiple
peroxisomal enzymes. There i1s an increase in very long
chain fatty acids (VLCFA; farty acids with more than 22
carbon atoms, mainly 26:0 and 26:1) [12,13] as a result of
defective peroxisomal f-oxidation [12,14-16]. The first
two steps of plasmalogen synthesis arc also caralysed by
peroxisomal enzymes (dihydroxyaccrone phosphate acyl-
transferase  and  alkyl-dihydroxyacetone  phosphare
synthetase) [17,18] and are affected mm PBD, so
plasmalogen levels are decreased [19,20]. Bile acid
synthesis is affected by defective f-oxidation cleavage
of the cholesterol side chain [21,22] and abnormal
intermediates accumulate (3a,7a,12a-trihydroxy-5b-cho-
lestanoic acid and of 3a,7a-dihydroxy-5b-cholestanoic
acid) [23]. Cholesterol levels are reduced by defecuve
peroxisomal 3-hydroxy-3-methylglutaryl-coenzyme A re-
ductase and probably other enzymes nccessary for
cholesterol synthesis [24,25]. Defective oxidation causes
increases in phytanic and pristanic acids in the plasma
and fibroblasts of peroxisomal patents [26,27]. Accumu-
lation of pipecolic acid in the urine and plasma of these
patients is usually found because of its impaired
catabolism [28,29].

Cellular and molecular origin of peroxisomes
Peroxisomes lack DNA, and peroxisomal proteins are
normally synthesized in free polviibosomes and im-
ported post-translationally into pre-existing peroxisomes.
The import of peroxisomal proteins is mediated by
receptors for specific peroxisomal targeting signals
(PTS). At least two signal sequences, PTS1 [30] and
PI'S2 [31], are known to target proteins to the
peroxisome. At the molecular level, a group of gene
products called peroxins (abbreviated Pex) are respon-
sible for peroxisome biogenesis [32]. These peroxins are
encoded for by nuclear PEX genes [33]. To date, only a
few peroxins and PEX genes have been characterized.
Mutations in PEX7 are responsible for most peroxisomal
disorders [34]. The final consequence of these molecular

defeers is a failure to import newly synthesized proteins
into the peroxisome, and thus the organelle cannot be
assembled. So often the peroxisomal membrane forms an
empty ‘ghost’ devoid of peroxisomal matrix [35], which
is characteristic of PBD.

The genetic classification of peroxisomal disorders has
been attempred by cell fusion complementation studies
[36-39], burt no clear correlation between genotvpe and
phenorype has vet been found. Indeed, at least 10
complementation groups have been defined for gencral-
ized peroxisomal disorders, most of them phenotypically
heterogeneous. In particular, complementation group 1
accounts for over half of all patients, comprising the
whole spectrum of phenotypes. Some recent molecular
findings, however, are starting to shed some light on
peroxisomal disorder classification. A point missense
mutation, the G843D substitution, in the PEXT7 gene has
been found to be the most common cause of peroxisomal
disorders, accounting for approximately half of the
patients in complementation group 1 [34,40]. This
mutation scems to be correlated with the less scvere
phenotypes. Experimentally, it has been shown that
fibroblasts from IRD patients carrying the G843D
mutation are capable of forming peroxisomes when
incubated at 30°C, whereas those from Zellweger’s
syndrome and NALD patients arc not [41]. Lately, a
new mutation in the PEX/ gene, producing a frameshift
in exon 13, has been correlated with the most severe
phenotype of classic Zellweger’s syndrome [42°°,43].

Pathogenesis

It is not clear what may be the cause of such severe
discases. Based on biochemical abnormalities, it 1s
usually taken for granted that the brain damage is
caused by the accummulation of the VLLCFA 26:0 in the
central nervous system [11]. However, this fatry acid is a
normal constituent of brain sphingolipids, which are
especially enriched in the myelin sheath. Besides, in the
Zellweger's syndrome brain 26:0, 26:1n-9 and 24:1n-9
are all more often decreased than increased, as a result of
the loss of myelin in these patients [44]. It has been
proposed that the VLCFA are situated in a different
lipid compartment in the peroxisomal brain, so acting as
aggressive agents [11,45]. However, this has not vert
been proved. Another factor that could probably be more
deleterious in the peroxisomal brain is plasmalogen
deficiency. Plasmalogens are known to be mainly
enriched in myelin and may play an important role there.

Some vears ago we discovered that padents with
generalized peroxisomal disorders have cxtremely low
levels of DHA (22:6n-3) in the brain and other tissucs
[46-49], including blood [50,51]. DIIA is a most
abundant PUFA in the brain and retina, and is believed
to play important roles in those tssues [52,53]. The
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severe DHA deficiency found might thus be a most
deleterious facror in the brain and retina of peroxisomal
patients. Therefore, trying to normalize the DHA levels
in these patients and observing whether this could
produce some beneficial effects was a logical second step
in our research, which was initiated in 1990 [54,55]. Wich
this aim, we used highly pure DHA ethyl ester (DIA-
EE), as a means to correct the DHA deficiency without
modifying other PUFA levels. It is most important to
emphasize that the aim of this new therapy 1s to
normalize things, not to provide a drug weatment. This
seems not to have been understood by most physicians
now using DHA as a weatment for peroxisomal
disorders. The present review tries to clarfy the most
important points on the subject.

Polyunsaturated fatty acid abnormalities in
peroxisomal disorders

It is important to emphasize that, although DHA is
constantly decrcased in the brains of paticnts with
generalized peroxisomal disorders, another important
PUFA, arachidonic acid (AA, 20:4n-6) is generally not. In
most peroxisomal disorders, AA is even increased in the
brain [48,49]. The increase in AA and other n-6 PUFA
has been checked in the different brain phospholipids
[56°]. In phosphatidylamine, for cxample, the AA
content is so high that it partly accounts for the marked
increase of this phospholipid in the peroxisomal brain
[19,46,56°]. This 1s somewhat puzzling because the AA
levels are low in the plasma of peroxisomal disorder
patients [50,51]. However, it must be taken into account
that all plasma lipid levels are low in these patients. So
when looking at percentages instead of absolute values,
the AA decrease 1s not so marked, and DHA deficiency
clearly also predominates in the plasma. In 40 plasma
samples from typical generalized peroxisomal disorders,
the AA levels averaged 3.61% (SD, 1.14) of the total fatcy
acids, a value within the lower limit of normal and
approximately half the optimal AA percentage. On the
other hand, DHA mean value was only 0.27% (SD, 0.25),
which is berween five and 10 times lower than the
normal plasma total DITA concentration. Erythrocytes
and kidney tissue usually have only marginally de-
creased AA levels and an exuemely low DHA concen-
tration. In the liver, DHA was very much decreased and
AA was normal or increased. In the retina, the levels of
DHA were negligible whereas the other PUFA were
within normal limits. These findings clearly demonstrate
that DHA is the only PUFA constantly deficient in all
tssues in peroxisomal disorder patients.

What is the cause of such a marked DHA deficiency? In
the Zellweger brain, the two products of classic A4-
desaturation, 22:6n-3 and 22:5n-6 were both decreased,
pointing to a defect in this enzyme. However, the
existence of a putative A4-desaturase has lately been

questioned, and a new route for DHA (and 22:5n-6)
synthesis has been proposed [57,58°]. This pathway
attributes DHA synthesis to peroxisomal ff-oxidation of
the very long PUFA rtetracosahexaenoic acid (24:6n-3).
This has the advanrtage of linking the DHA deficiency to
the ff-oxidartion defecr in peroxisomal partients. However,
some facts observed in peroxisomal disorders still remain
to be clarified. For example, this synthetic route does not
explain why patients with X-linked adrenoleukodyvstro-
phy, who also have a defective peroxisomal ff-oxidation,
do not have a DHA deficiency [51]. Another unex-
plained fact 1s why 24:6n-3 does not increase at all in
Zellweger patients if its f-oxidation is not possible.
Instead, a relative increase in 22:5n-3 1s usually observed
in these patients. Besides, normalization of the DHA
levels consistently produces a decrease in the VLLCFA,
not the other way round. So, whatever may be the
mechanism for DHA deficiency, it scems to be at the
very root of the disease.

Treatment of peroxisomal biogenesis
disorders

Currentdy, 1t is common practice to subject peroxisomal
disorder patients to low-fat diets of the type used with
adulc Refsum’s disease patients [59]. This is done with
the double aim of lowering the intakes of phytanic acid
and VLCFA. Some physicians have also treated PBD
patients with a mixture of trioleate-trierucate (4:1 by
volume), popularly known as Lorenzo’s Oil, a prepara-
tion widely used with X-linked adrenoleukodystrophy
patients to decrease the levels of VLCFA [60]. Some
fragmentary experience exists with other therapeutic
diets. Plasmalogen precursors [61] and cholic acid [62]
have been given to these patients in an etfort to increasc
their plasmalogen levels and normalize bile acids,
respectively. A patient treated with plasmapheresis [63]
was reported to improve in parallel with decreases in
plasma phytanate levels. Attempts have also been made
to improve PBD patients by providing them with
peroxisomal proliferators such as clofibrate, without
success [64]. None of these treatments have shown clear
evidence of improvement in the few PBD patents in
whom they have been tested.

Treatment with docosahexaenoic acid
Docosahexaenoic acid accretion during normal
human brain development

Before referring to DHA  therapy in  peroxisomal
patients, it is necessary to menton briefly the PUFA
changes during normal human brain development. In
the fetal forebrain, the concentration of the two most
important long chain PUFA, DHA and AA, and the
accretion of gangliosides starts to increase very rapidly at
32 weeks of gestational age [65-67]. This very closely
corresponds to the moment when an explosive growth of
dendritic spines takes place in the human brain [68].
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Once the perinatal period is over, the accretion of these
PUFA continues at a slower speed until the second year
of life [66]. Immediately after birth in the human
species, myelinogenesis starts in the forcbrain. This can
be checked biochemically by the increase in myelin
lipids (cerchrosides, sulfaudes and sphingomyelin)
[69,70]. Other lipids, mainly cnriched in myelin, such
as plasmalogens and cholesterol, also parallel myelination
in an approximare way. Among the fatty acids, the very
long saturated and monounsaturated ones (24:0, 24:1n-9,
26:0, 26:1n-9), which are major consttuents of galacto-
lipids, start their accretion at birth and then parallel
myelination very closely, so consttutng excellent
myelin markers [70]. The long PUFA adrenic acid
(22:4n-6) is a relatively good marker for myelin, as 1s the
monounsaturated precursor oleic acid (18:1n-9), their
accretion slopes being maximal during the tume of rapid
myeclin formation [70].

Following the ‘brain growth spurt’ theory of Dobbing
[71] at the biochemical level, all these things put
together emphasize that the brain has a unique moment
when growth and development is maximal, and any
nutritional insult impinging on this period may have
lasting or even irrecoverable effects [72]. Extrapolated to
the situation in peroxisomal disorders, rhis indicates that
correction of the DIHA deficiency must be started very
carly if some kind of beneficial effect is to be obrtained:
at birth or even ecarlier if this were possible. Otherwise,
perhaps we can obtain some beneficial effects but nor a
true recovery from the consequences of the DIA
deficiency.

Protocol of docosahexaenoic acid therapy in
peroxisomal disorder patients and results

First, we wanted to correct DHA deficiency and
normalize the nutritional status as much as possible. A
pure DHA preparation was thus chosen in order to
normalize the DHA levels without altering those of other
PUFA. For this reason, mixtures of n-3 farry acids such
as those present in fish oil were avoided. They contain
high levels of eicosapentacnoic acid (20:5n-3), an n-3
PUFA situated before the probable enzyme block 1n
DHA synthesis. The addition of AA and other n-6 PUFA
was also avoided, because they could compete with
DHA and reduce its beneficial effects.

With these ideas in mind, we have so far trcated 20
peroxisomal disorder patents, two of them with classic
Zellweger’s syndrome. It 1s difficult to classify the other
18 patients because there is currently much confusion on
the subject, as discussed above. Some of the patients
who live longer may appear with time to have different
phenotypes to different physicians. This happened with
three of our patients. They secemed to have TRDD before
2 vears of age, burt it was later realized that they should

have been diagnosed with NALD. If the patents live
long enough abnormal myelination is finally detecred
and very often adrenal function is affected. The classic
Zellweger phenotvpe, on the other hand, can be quite
clearly distinguished from the others from the beginning,
Apart from the extreme severity of their clinical picrure,
Zellweger patients have an  almost total lack of
plasmalogens 1n their erythrocytes.

Medication

The preparation used in all patients was highly purified
DHA-EE (90-95% pure), provided by the Biomedical
Test Materials Program (National Institutes of Health,
Bethesda, MD, USA) and Harima Chemicals (Japan).
Smaller amounts were also obrained from Pronova
Biocare (Norway). To avoid lipid peroxidation, the
DHA-EE was divided into individual one-dose wvials,
made up to a total volume of 2 ml with pure olive oil and
scaled mn an N, atmosphere. The daily doses wvaried
between 100 and 500 mg of DHA-EE, given orally once
a day. For DIHA dosage, the age and clinical state of the
patient rather than body weight was considered, taking
into account that the younger the children the higher are
their DHA requirements for brain development. No
other fatry acid was administered as a medication.
Vitamin K was given to correct altered coagulation tests
generally 3-5 mg/day, with a maximum of 1 mg/kg/day)
and viramin E was provided as an antioxidant (50—
200 mg/day). Vitamins A and D at rcgular daily doses
were usually added, because peroxisomal paticnts have
low levels of all liposoluble vitamins.

Diet

Since the main ratonale was to normalize the PUFA
status as much as possible, a low-fat diet was strictly
avoided. Although no supplement of any other PUFA
was added to the treatment, care was taken that the diet
contained all the fatry acids that a normal child should
receive during development. Otherwise, an excess of
DHA could result in a fatty acid imbalance and other
PUFA deficiencies may have appeared. So the diet was
complete for the age in every respect. As for vegetables,
only green leaves were restricted for their high content
in phytanic acid. All other vegetables and fruits werce
permitted. Fatty meat was avoided, as it would be in any
normal child. Whenever possible, maternal milk was
recommended in small infants. When lactation was not
possible, a whole milk formula enriched in DHA and AA
in proportions similar to those found in human milk
(Milupa, Germany), was given 1nstead. All kinds of mear,
fish and dairy products were permitted as was, in
general, any food appropriate for the age.

Results
The biochemical results and clinical follow-up of the
patients treated have appeared in successive publications
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[54,55,73-77°]. Biochemically, normalization of the DHA
levels in plasma and erythrocyvtes was obrained in all
cases. Unexpectedly, plasmalogen levels increased in
practically all paticnts. In some of them, the 18:0DMA/
18:0 index (a measure of the ratio of 18:0 plasmalogen to
18:0 diacyl phospholipids in these pauents) even
normalized. It is important to point out that in no case
did the plasma VLCFA levels increase as a resulr of the
normal fat diet provided. On the contrary, both 26:0 and
26:1n-9 decreased in the plasma in most DIA-treated
paticnts, often very markedly.

Table 1 summarizes the most important biochemical
and clinical changes in the 20 patents treated with
DHA-EE. For reasons mentioned before, the diag-
noses are reduced to the ‘classic’ Zellweger’s syndrome
phenotype and the milder NALD/IRD spectrum.
When one of these phenotypes predominated, it is
indicated in Table 1. As can be seen in the table, only
three partients have died so far. Of these, one had
‘classic’ Zellweger's syndrome (patient no. 4). A second
patient was a severely involved, 3-year-old girl (patient
no. 16), who was in a terminal, vegetative state when
the treatment started and could only be treated for 6
weeks before she died from bronchopneumonia [55]. A
third patient was a gitl who had improved quite
spectacularly for a vear (patient no. 8) and suddenly
died from fulminant septicacmia [50,73]. The other 17
patients survive. As a whole, this is a much longer
survival time than that expected from the spontancous
coursc of such scvere diseases. Besides, most patients

have had elinical improvement, at the very least, from
the point of view of their nutritional state and liver
function. The latter has improved in all patients.
Vision has improved in 12 patients, muscle tone in
eight patients and, in general, the patients have
become more alert and interactive than they were
before the teatment. Most importantly, myelination
has improved in nine patients, as checked by magnetic
resonance imaging [75-77°]. This is the reversal of
what normally happens and should be atuibuted to
some still unknown role of DHA in myelinogenesis. As
was expected from our previous nutritional studies, the
beneficial effects of DHA-EE were most marked in
three children who started treatment before 6 months
of age. In one of them (patient no. 2), it was
interesting to find normalization of intestinal absorption
afrer a short period with DHA-EE. This 5-month-old
child had been taking an n-3 triglyceride preparation
since about a month before the DHA-EE treatment
started and an intense persisted. This
totally disappeared after only 3 weeks with DHA-EE.
This seems to suggest that DHA-EE may be more
cffective than other DHA preparations in the treat-
ment of peroxisomal disorder patients.

steatorrhea

Conclusion

First, it must be emphasized that DHA therapy is a
nutritional treatment, primarily given to normalize the
DHA levels, not to obtain a drug effect. It i1s most
important always to bear in mind that DHA deficiency
always predominates over any other suboptimal PUFA

Table 1. Biochemical and clinical evolution of 20 peroxisomal biogenesis disorder patients treated with docosahexaenoic acid

ethyl ester
Treatment Liver
Patient Diagnosis Age duration DHA VLCFA  Plasmalogens enzymes Vision CNS MRI
1 NALD/IRD 2 months 7 years il s 1 L + + il
2 NALD/IRD 3 months 1 year T 11 al. + + +
3 NALD/IRD 5 months 4 years 1T T 1] = + -+
4 ] 6 months 3 months + 11 = il l — =
5 NALD 7 months 4 years i b I = 1l + —
6 ZS 7 months 5 years 7 = i Ll + = +
7 NALD/IRD 9 months 5 years ik l i iy i + + +
8 NALD/IRD 9 months 17 months + 17 i i el + +
o] zZs 1 year 3 months 1 = il } — -
10 NALD/IRD 13 months 6 years L l T 1 # s =
11 NALD 14 months 3 years i = 1 i — — +
12 NALD 15 months 5 years T 1 = el + + +
13 NALD/IRD 15 months 4 years 7 1l T 1l — + +
14 NALD/IRD 2 years 3 months T = il 1 = —
15 IRD 3 years 1 year = = ! + +
16 NALD 3 years 6 weeks + e = T ! — =
17 NALD/IRD 5 years 6 years i i T 1 + + +
18 NALD 5 years 4 years i l 5 1 — = =
19 IRD 5 years 1 year T = T 1 + +
20 NALD/IRD 7 years 9 years i i T | + — —

CNS, central nervous system; DHA, docosahexaenoic acid; RID, infantile Refsum’s disease; MRI, magnetic resonance imaging; NALD, neonatal
adrenoleukodystrophy; VLCFA, very long chain fatty acids; ZS, Zellweger's syndrome.

The arrows indicate the degree of increase or decrease of the corresponding parameters. For clincical response, + indicates improvement; — means
non-significant change. Blank spaces mean that no second examination was performed.
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values that may be found. Therefore DHA deficiency
must be corrected first, and for this DA must be given
alone until its blood levels are normalized. Interference
with any other PUFA given in high doses, especially
with AA, mav render DHA therapy ineffecuve, because
enzyme competition will favour the n-6 over the n-3
fatry acid serics. Besides, AA 1s not decreased, but
usually increased, in the most important organ: the brain.
Therefore, we should never mix AA to DHA in the
treatment of patients with gencralized  peroxisomal
disorders, at least never before the DHA deficiency has
been totally corrected. In the author’s personal experi-
ence, doing so may produce some undesirable biochem-
ical effcets, such as increases in the VILOFA or decrcases
in the plasmalogen ratios [73]. Once the DHA levels are
normal, AA may be added to the diet should the levels of
this PUFA be found to be below their normal lower
limits. It is important to emphasize that no varation in
the diet should be introduced without closely monitoring
the PUFA changes.

The brain has a unique opportunity to grow and develop
properly, and this is during the perinatal and carly
postnatal periods. Ideally, if we want to correct a DHA
deficiency we should provide the DHA during those
periods or, at least, as carly in life as possible. If we
provide the DHA too late, we may correct its deficiency
but the past consequences of that deficiency may already
be irrecoverable. Although DHA deficiency is not the
only defecer in peroxisomal disorders, it is possibly one of
the most important abnormalities and is, at the least, a
most scrious aggravating factor. Therefore if we want to
do the best for these children, their DHA deficiency
must be corrected as soon as it is diagnosed. Besides
DHA therapy, peroxisomal paticnes should receive a
nurritious diet and any extra care they need. We must
always remember that besides being patients, they are
growing children who nced everything a child would
need for normal development. Even if we think thart the
accumulation of 26:0 and 26:1n-9 is the main pathogenic
factor in peroxisomal disorders, we have shown that a
complete dier does not increase the VLCEA levels of
peroxisomal patients when given with DHA. Therefore,
we should never deprive these children of any necessary
nutrients. The dangers of doing so largely outweigh any
theoretical consideration. In short, an effort should be
made to treat these patients like normal children in
every respeet, and give them the DHA they need as
soon as possible. This approach may not cure the disease
but it will certainly improve the life of these patients a
great deal. Logically, when provided very early during
brain development, DHA therapy will be the most
effective and, perhaps, some brain and visual damage
may be prevented. So early diagnosis and ecarly trear-
ment may hopefully change the gloomy prognosis of
peroxisomal disorder patients.
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