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Clinical and biochemical findingsin 7 patients with X-linked
adrenoleukodystrophy treated with Lorenzo’s Qil
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Abstract

X-Linked adrenoleukodystrophy (X-ALD) isahereditary disorder of the peroxisomal metabolism biochemically characterized by the
accumulation of very long chainfatty acids (VLCFA) intissues and biological fluids. Themajor accumul ated acids are hexacosanoic acid
(C.0) andtetracosanoic acid (C,,.,0). Thedisorder ischaracterized clinically by central and peripheral demyelination and adrenal insuffi-
ciency closely related to the accumulation of fatty acids. Theincidence of X-ALD isestimated to be 1:25,000 males. At least six pheno-
typescan be di stinguished. The most common phenotypesare childhood cerebral AL D and adrenomyel oneuropathy (AMN). Therecom-
mended therapy consistsof theuse of the glyceraltrioleste/glyceroltrierucate (GTO/GTE) mixture, known asLorenzo’s Qil, combined with
aVLCFA-poor diet. There areaternative tresatments such asbone marrow transpl antati on and immunosuppression, aswell asthe use of
lovastatin and sodium phenylacetate. In the present study we report the clinical and biochemical course of 7 male patientswith X-ALD
treated with Lorenzo’s Oil and aV L CFA-restricted diet. Treatment produced 50% reduction in C,,., and 42.8% reduction in the C,.o/
C,, ratio. Most patientsremained clinically well, although approximately 30% of them presented arapid clinical deterioration. Theresults
showed a poor biochemical-clinical correlation for treatment, indicating that new therapiesfor X-ALD areneeded in order to obtain a

better prognosisfor patients.
INTRODUCTION

Adrenoleukodystrophy (X-ALD), the most common
peroxisoma disease, isan X-linked metabolic disorder with
an estimated frequency of 1:25,000 males(Wandersetal.,
1993, 1995; Ruiz et al., 1996; Geel et al., 1997; Moser,
1997). Peroxisomes catal yze essential metabolic reactions
(Wanders et al., 1993, 1995). Peroxisomal diseases can
be classified into three groups according to the extent of
loss of peroxisomal function: generalized, multiple or
simple (Wanderset al., 1993, 1995; Gedl et al., 1997). X-
ALD isincluded in thelast group since, in this case, per-
oxisomes are unable to perform -oxidation (Wanders et
al., 1995; Gesl et al., 1997), resulting in impaired short-
ening of fatty acid chainsand their derivatives (Wanders et
al., 1993, 1995).

X-ALD ischaracterized biochemically by the accu-
mulation of very long chain fatty acids (VLCFA) intissues
and biological fluids (Moser et al., 1994; Scriver et al.,
1995; Moser, 1997; Yamadaet al., 1999). The major accu-
mulated saturated fatty acids are hexacosanoic acid (C,g.)
and tetracosanoic acid (C,,.) (Moser et al., 1991; Korenke
et al., 1995). The increased concentrations of these me-
tabolites cause progressive demyelination of white matter
in the central nervous system and adrenal insufficiency
(Wanderset al., 1992; Ruiz, 1996; Moser, 1997).

A defect inthelignoceroyl coenzymeA ligase (M oser

et al., 1994; Moser, 1995) causes the accumulation of
VLCFA that are not oxidized in the peroxisomes (M oser et
al., 1994; Scriver et al., 1995; Moser, 1995, 1997). Map-
ping and isolation of the X-ALD gene have shown that the
gene encodes a peroxisoma membrane protein, ALD pro-
tein (ALDP), which belongsto the ATP-bound carrier pro-
tein superfamily (Moser et al., 1994; Moser, 1995, 1997,
Yamadaet al., 1999). These observationsindicated that this
proteinissomehow involvedin the process of VL CFA oxi-
dation (Moser et al., 1994; Moser, 1997).

X-ALD isclinically heterogeneousincluding differ-
ent phenotypes (i.e., childhood cerebral form (ALD), ju-
venile cerebral form, adult cerebral form, adrenomye-
loneuropathy (AMN), isolated Addison disease, and asymp-
tomatic patients) (Moser et al., 1991; Scriver et al., 1995;
Moser, 1995, 1997; Gesl et al., 1997) reported within the
samefamily (Moser etal., 1991, 1994; Scriver etal., 1995;
Korenkeetal., 1995; Gedl et al., 1997; Moser, 1997). The
most commondlinica formsare ALD and AMN. ALD mani-
festsclinically before 10 yearsof ageand involvesarapid
progression of neurologic symptoms, leading to avegeta-
tive state of the patient, often within 3 years(Moser et al.,
1991, 1994; Scriver et al., 1995; Korenke et al., 1995;
Moser, 1997). AMN appears between 20 and 40 years of
ageand ischaracterized by progressive paraparesisinvolv-
ing disorders of the spinal cord (Moser et al., 1991;
Korenkeetal., 1995; Geel et al., 1997; Moser, 1997). Ap-
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proximately 50% of AMN patients show cerebra involve-
ment (Moser etal., 1991; Geel etal., 1997; Moser, 1997).

Thefirst treatment of X-ALD consisted of restricted
ingestion of VLCFA. However, thisdiet did not succeed
since VL CFA are a so produced endogenously (Scriver et
al., 1995; Moser, 1995, 1997). A diet combining VLCFA
restriction and ingestion of monounsaturated oleic acid
(glyceraltrioleate, GTO) was proposed and was found to
reduce plasma C,,, levels by 50% within 4 monthsin X-
ALD patients (Scriver et al., 1995; Moser, 1995, 1997). It
was|ater demonstrated that amixture of monounsaturated
erucic acid (glyceroltrierucate, GTE) with GTO at a4:1
proportion, called Lorenzo’s Oil, combined withaV L CFA-
poor diet, normalized plasmaC,,, level swithin one month
(Scriver etal., 1995; Moser, 1995, 1997). After afew years
of study, however, the effectiveness of treatment with
Lorenzo’s Oil was questioned, sinceit did not prevent the
progression of preexisting neurol ogic symptoms (Scriver
etal., 1995; Geedl et al., 1997; Restucciaet al., 1999).

Theeffectiveness of thistherapy for patientsaffected
withthe X-ALD isdisputed. To further investigate thiscon-
troversy, we evaluated the clinical and biochemical course
of 7 Brazilian patients treated with Lorenzo's Oil and a
VLCFA-restricted diet.

MATERIAL AND METHODS
Patients and controls

Weevaluated 7 patientswith X-ALD under treatment
with aVLCFA-poor diet and Lorenzo’s Oil. Themean age
of ALD patientsat thetime of diagnosiswas 10 yearsand
AMN patientswere 29 yearsold. A total of 40 blood col-
lectionswere performed to determine plasmaVLCFA. A
group of 30 normal individualswas also studied to deter-
mine normal values. The patient and control groupswere
of comparable age (7 to 38 years). Blood was collected
inthe presence of heparin, and plasmawas separated and
stored frozen at -20°C until thetime of analysis. The study
was conducted according to the recommendations of the
Ethics Committee of the University Hospital of Porto
Alegreand all patients gave written informed consent to
participate.

Methods

VLCFA wereanayzed by thetechnique of Moser and
Moser, 1991. A 25 ul volume of the internal standard
(C,,4-heptacosanoic acid) was added to 100 ul of plasma
and VL CFA wereextracted with achloroform:ethanol mix-
ture (1:1). After centrifugation, the supernatant was mixed
with distilled water and chloroform to remove the pre-
cipitated protein. After a new centrifugation, the lower
phase was evaporated with nitrogen vapor (N,) and
chloroform:methanol (2:1) was used to redissolvethelip-
ids. Methanol-HCI (3 N) was added to each dried total

lipid extract and the tubeswerethoroughly sealed and kept
at 75°C for 16 h for the formation of fatty acid methyl
esters, which were then purified by thin-layer chroma-
tography. Plates (0.25 um silica gel G 20 x 20) were
prewashed with chloroform:methanol:acetic acid:water
(52:20:7:3) and hexane:ether:acetic acid (90:10:1). Af-
ter sampl e application to the plate, the chromatographic
run was performed using toluene:ether (97:3) as eluent.
After air drying for 16 h, the samples were stained with
iodine vapor. The VLCFA methyl esters were extracted
fromthesilica3 timesusing hexane. After dryingwith N,
vapor, the samples were redissolved with 50 ul hexane
and anayzed by gas chromatography using aVarian appa-
ratus equipped with an HP-5 column (5% methylpheny!l
silicone, 0.33 um film thickness, 0.2 mm inner diameter
and 25 min length), a flame ionization detector, and an
injector split/splitless type, using helium as the mobile
phase. The concentrations of C,,., (docosanoic acid), C,,.
(tetracosanoic acid) and C,, (hexacosanoic acid) were
determined and C,,/C,,, and C,,.//C,,., ratioswere calcu-
lated.

Treatment

The patientsin the study weretreated withaVLCFA-
restricted diet and 1.2 ml kg* day* Lorenzo’s Oil (Moser
etal., 1992; Gedl et al., 1997). Dosesweretailored based
on platelet numbersand plasmaV L CFA levelsof theindi-
viduals. Tablel indicates the duration of treatment and the
dosesof Lorenzo’s Oil used by the patientswith X-ALD.

Supplementation with multivitamins, mineralsand
an additional source of essential fatty acids(Moser, 1995),
linoleic acid and linolenic acid found in saffron oil and
fish oil wasrecommended. Ingenerdl, restriction of VL CFA
ingestion can be achieved by eating the following foods:
non-fatty dairy products, lean beef and pork cuts, chicken
without skin and low-fat fish, plus fruits and vegetables.
The main foods to be avoided are saturated fats such as
industrialized fats (butter, cream, milk, ice cream), fats
present in meat and meat derivatives, and vegetableoil.

Tablel - Duration of therapy and doses of
Lorenzo’'s Oil used for X-ALD patients under dietary treatment.

Patients Qil dose (I/month) and

ml kg* day?

Duration of therapy
(months)
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RESULTS A
16
Figure 1 (A, B and C) illustratesthe plasmaconcen- 14 1
tration of C,,, and the C,./C,,., and C,,../C,,, ratios, re-
spectively, during the various phases of patient treatment.
Figure 1A showsthat C,,, levelswere markedly decreased
inal patientsafter the beginning of treatment and remained
relatively close to normal values throughout most of the
treatment period. Figure 1B showsthat the C,¢./C,,., ratio
wasreduced in all patientsexcept patient ALD 2 after the 47
beginning of therapy, dthough thisratiowasreducedinthis o |
patient during the third phase of treatment. Theratio was
reduced to levelscloser to normal in al patients.
A widerange of C,,.(/C,,, ratios (Figure 1C) wasob-
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served throughout treatment inall X-ALD patients, except Therapeutic period
patient AL D_3who presented a more consi stently normal v ALD5 e ALD1 - ALD2 - ALD3
Casd/Coppratio.

Tablell describestheclinical history of X-ALD pa- TTAMNT —AMN2 - —=-ALD 4

tients under dietary treatment. Most patients showed no
major complications during therapy. Gastrointestinal dis-
turbanceslikevomiting and diarrhea, and low platel et count 04
were common findings. Only one patient had a progres- 035
sively deteriorating clinical picture, and one death occurred
during therapy. All ALD patients (and none AMN patient)
had abnormal CT scans.

03
025
02

0.15

DISCUSSION

Ratio C26.0/C22:0

0.1

0.05

We describe here our experience with the treatment
of 2 patients with AMN and 5 patients with ALD with °,
Lorenzo’s Oil and diet. The mean duration of treatment Therapeutic period
was 21 months. All patientswere diagnosed late and started
treatment when irreversible neurologic symptoms were ~+—ALD5 —=ALD1 —+ALD?2 —+ALD 3
already present.

The patients presented high plasma C,, levels and
C6.o/Co, ratios at thetime of diagnosis.

Plasma C,g, levelswere above 2.86 umol/l (normal C
levels: 0.32t0 1.56 umol/l) in 62% of the determinations
madeinthe 7 patientstreated for X-ALD during thetreat-
ment period. However, plasmaC,g, levelsweredrastically
reduced in these patients after the onset of treatment, re-
maining, on average, 58% below initial valuesthroughout
treatment. In the assessment of treatment, it isimportant
to consider thedifficulty in complying with aVV L CFA-poor
diet and in correctly ingesting the oil, afact that may lead
tovariationsin plasmaVLCFA levelsduring therapy.

Of these patients 57.1% remai ned without major com-
plications (ALD patients numbers 2 and 5 and AMN pa-
tientsnumbers 1 and 2, see Tablel). During the same pe- °
riod, 28.6% of the patients (ALD patients numbers 3 and

——AMN1 —AMN2 —=-ALD4

Ratio C24:0/C22:0

Therapeutic period

——AMN1 —e-ALD1 —-+—ALD2 —~ALD3

Figurel- A, PlasmaCylevels; B, Cy/Cypp ratio, and C, C,yo/C,y o rétio of ——AMN2 —AMN3 -=ALD4
X-ALD patientstreated with Lorenzo’s Oil at different times. The broken
linesindicatethe normal ranges. The continuouslineswith different sym-

bolsindicatethe 5 ALD and 2 AMN patients.
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Tablell - Situation of X-ALD patients under
treatment with Lorenzo’s Oil.

Situation Percentage (%)
No noticeabl e disease progression or major

complications 571
Slightly worseningin CT image 143
Severe worsening 143
Death 143

4, see Tablel) underwent rapid deterioration, with the oc-
currence of one death. These results show that thereisno
clear correlation between the biochemical and clinical
parameters measured in patients undergoing dietary treat-
ment supplemented with Lorenzo’s Oil.

In astudy of 50 patients with no neurologic symp-
tomsalso treated with GTO/GTE, Moser et al. (1994) ob-
served that 56% of patientsdid well during treatment, 14%
showed aterations upon cerebral nuclear magnetic reso-
nance (NMR) image or in cognitive function, whereasin
another 14% the NM R image was significantly worse. In
addition, 8% of the patients showed deteriorating NMR
images and mild to moderate behavioral and cognitive
function damage. In the remaining 8% therewasarapid
development of the progressiveinfantile cerebral pheno-
type. Furthermore, 65% of theindividualsachieved asig-
nificant decrease in plasma C,,, concentration that re-
mained within normal limitsin 40% of them. In 17% of
the patients there was asmall reduction in hexacosanoic
acid concentration, while no reduction was observed in the
remaining 17%, probably dueto their inability to follow
the dietary regimen.

Other studies demonstrated that treatment with
Lorenzo's Qil was ineffective in changing the clinical
course of the diseasein 15 Italian and 20 American boys
with ALD, who already presented neurol ogic symptoms at
diagnosis (Wanders et al., 1992; Moser et al., 1992). In
addition, Korenke et al. (1995) assessed the results of
treatment with the GTO/GTE mixturein 16 patients, 7 of
them asymptomatic. Threedied and 3 showed aworsened
clinical course, whilethe 7 asymptomatic patientsremained
clinically stable during treatment. Follow-up of these
asymptomatic patients showed that in those under dietary
treatment amild neurol ogic abnormality remained stable
for long periods of time. The data suggest that early ad-
ministration of Lorenzo’'s Oil reduces the frequency and
severity of the subsequent neurol ogic deficiencies. How-
ever, these data should be interpreted with caution since
recent studies have indicated that L orenzo’s Oil does not
penetrate the brain, afact raising questions about thethera-
peutic value of the GTO/GTE mixture. Other studies car-
ried out by Moser (1997) haveindicated that, whereas eru-
cicacidisfoundin post mortemliver and adiposetissue, it
is not demonstrable in the brain. Therefore, since erucic
acid does not reach the brain in adequate concentrations, it

is unlikely that an effect occurs with the currently pre-
scribed dose of Lorenzo’s Oil. Other analyses haveindi-
cated that C,, levels observed post mortem in cerebral
tissue of X-ALD patientstreated with L orenzo’s Oil do not
differ from those of untreated patients (Moser, 1995).

Recent studies have demonstrated that not only C,,,
and C,,, aredevatedin X-ALD, but also themonounsatura-
ted VLCFA C,,, (Sandhir et al., 1998). In the present studly,
widevariability inthe C,,./C,,, ratiowas observed in most
of the patients, probably due to the lack of administration
of the essential fatty acidslinolenic acid and linoleic acid.
Taken together, it seemsthat treatment based on a special
diet combined with Lorenzo’s Oil should be reeval uated.

We conclude that new therapies are needed for X-
ALD in order to obtain a better prognosisfor the patients
and to slow or reversethe progression of symptoms. Other
therapi es such asbone marrow transplantation or immuno-
suppression have been used for X-ALD treatment but in
most caseswithout satisfactory results (Scriver et al., 1995;
Gesdl et al., 1997; Moser, 1997). In addition, new drugs
such aslovastatin and sodium phenylacetate, which increase
peroxisomal B-oxidation of VLCFA, are being tested in
order to normalizetissue VL CFA levels, and appear to pro-
videamoreeffectiveclinica response (Singh et al., 1998).
Genetherapy also holdspromise asapotential futuretreat-
ment of X-ALD.

RESUMO

A adrenoleucodistrofialigadaao X (X-ALD) é umadesor-
dem hereditariado metabolismo peroxissomal, bioguimicamente
caracterizadapel o aciimul o de &cidos graxos de cadeiamuitolonga
(‘very long chainfatty acids’- VLCFA) em diferentestecidos e
em fluidos biol 4gicos, sendo os principais &cidos acumulados o
hexacosandico (C,) €0 tetracosandico (C,,.). O acimulo destes
&cidos graxos esta associado com desmielinizacdo cerebral e
insuficiénciaadrenal. A incidénciadestacondicdo éestimadaem 1
para 25.000 em homens. Pelo menos seis fenétipos podem ser
distinguidos, sendo aadrenoleucodistrofia(ALD) cerebral infantil
eaadrenomieloneuropatia(AMN) osmaiscomuns. O tratamento
preconizado consiste na utilizagdo damisturagliceroltriol eato/
gliceroltrierucato (GTO/GTE), conhecidacomo Oleo de L orenzo,
combinadacom dietapobreem VL CFA. Existem ainda, terapias
aternativas como transplante de medul a dsseaeimunossupressao,
além da utilizagdo de lovastatina e fenilacetato de sodio. Neste
trabalho fez-se umaavaliago do tratamento com Oleo de L orenzo
associado adietarestritaem VL CFA de 7 pacientes homens com
X-ALD analisando aevolugdo clinicae bioguimica. Os pacientes
apresentaram umareducdo médiade 50% nosvaloresde Cyo €
de 42,8% na razdo C,;/C,,, apbs 0 inicio do tratamento. A
maioria dos paci entes permaneceu clinicamente bem e aproxi-
madamente 30% dos pacientes apresentaram uma progressao
rapidano curso clinico da doenga. Parece ndo haver umaclara
correlacdo bioquimico-clinicado tratamento. Osresultados nos
mostram gue novas terapias mais eficazes para X-ALD sdo
necessarias para que se possa obter um melhor progndstico da
doengacom progressdo maislentados sintomas apresentadosou
mesmo reversdo dos sintomas ja presentes nos pacientes.
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