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Reduction of striatal glucose metabolism in
McLeod choreoacanthocytosis
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Abstract
McLeod syndrome is a distinct form of
neuroacanthocytosis. Its defining feature
is the depression of erythrocyte Kell anti-
gens. The underlying X chromosomal
mutations cause a dysfunction of an
erythrocyte membrane protein Kx. A
choreatic movement disorder with cau-
date atrophy in CT and MRI has been
reported in McLeod syndrome later in the
course of the disease. Positron emission
tomography with 18F-deoxyglucose (FDG)
was performed in two unrelated aVected
men. In the older patient, progressive
chorea was seen from the 5th decade. In
the second patient there were no signs of a
movement disorder at the age of 28. Posi-
tron emission tomography disclosed a
reduction of the striatal FDG uptake in
both patients, with accentuation in patient
1. Frontal lobe metabolism was not af-
fected. Basal ganglia dysfunction with
early impairment of striatal glucose me-
tabolism thus seems obligatory for
McLeod syndrome, as found in other
forms of chorea with or without acan-
thocytosis.
(J Neurol Neurosurg Psychiatry 2001;70:517–520)
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Weak expression of the Kell antigens of red
blood cells is called the “McLeod” pheno-
type.1 It is the defining diagnostic feature of
what has turned out to be a complex
syndrome.2 McLeod syndrome is caused by
mutations of a gene on the X chromosome,
Xk.3 It codes for the 37 kD red cell antigen
(Kx) that is absent in aVected persons.4 Acan-
thocytosis is normally found in only a few per
cent of the McLeod erythrocytes. Other com-
mon manifestations are an increase in serum
transaminases and cardiomyopathy.2 5 6

Neurological findings in McLeod syndrome
are myopathy with raised creatine kinase
serum concentrations, axonal neuropathy with
areflexia, and cerebral signs such as neuro-
psychological abnormalities and seizures.2 5 7 8

Basal ganglia involvement with chorea as the
clinical correlate occurring later in the course
of the disease has been previously described in
the first patient with the McLeod blood group

variant and was proved by the caudate atrophy
found in two patients postmortem.9–11 So far
Kx has only been studied as an erythrocyte
protein and its role in nervous tissue is unde-
fined. To better characterise basal ganglia dys-
function in McLeod syndrome we performed
PET with 18F-deoxyglucose (FDG) in two
unrelated aVected men with the McLeod phe-
notype.

Patients and methods
PATIENT 1

Clinical findings for this patient have been pre-
viously reported.7 He presented at the age of 40
with cardiac arrhythmia and raised muscle
creatine kinase concentrations. There were 3%
of acanthocytes in blood smears and the
McLeod phenotype was diagnosed because of
characteristic weak reactions in the Kell blood
group system. A deletion of about 50 000 bp in
the region of the McLeod gene was detected.
Abnormal movements of his arms and legs
were first noted at the age of 51. They seemed
unmotivated, occurred abruptly, and were
described by the patient as “semivoluntary”.
The choreic movements progressed dramati-
cally until the age of 60. Proximal arm and leg
movements were unsuppressable. An irregular
resting tremor of the right arm, tic-like
contractions of the left angle of the mouth, and
grunting vocalisations appeared. Neuropsycho-
logical investigation showed distinct deficits in
performance IQ, verbal long term memory,
encoding and recognition, information
processing, attention, resistance to cognitive
interference, and planning. Cranial CT dis-
closed a reduced size of the caudate nucleus
with increase of bicaudate diameter and bicau-
date index. On MRI the globus pallidus
showed bilateral signal inhomogeneity in T2
weighted images whereas the putamen, sub-
stantia nigra, and red nucleus appeared nor-
mal. IBZM SPECT disclosed diVuse reduction
of dopamine D2 binding sites in the region of
the caudate nucleus and putamen bilaterally.
Positron emission tomography imaging was
performed at the age of 57.

PATIENT 2

This 27 year old administration clerk presented
with slight generalised weakness, pronounced
in the lower limbs. On clinical examination
areflexia and mild calf hypertrophy were found.
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No other abnormalities were present; in
particular, there were no signs of a movement
disorder until the age of 30. Electromyography
and neurography disclosed mild sensorimotor
axonal neuropathy. Blood smears contained
5% acanthocytes and immunohaematological
analysis showed the McLeod phenotype with
low antigens of the Kell system. Genetic analy-
sis disclosed a point mutation of 2 bp of Xk
resulting in a stop codon and premature termi-
nation of protein synthesis. Clinical higher
function testing and the results of a psychomet-
ric examination using an identical protocol as
in patient 1 were normal. There was no abnor-
mality on MRI, in particular no basal ganglia
pathology. Density of dopamine D2 receptors
in the striatum was normal according to IBZM
SPECT.

CONTROL GROUP

The control group comprised one woman and
six men aged between 16 and 31 years (mean
27 years). Control subjects showed no psychi-
atric or neurological abnormalities.

POSITRON EMISSION TOMOGRAPHY

Forty five minutes after intravenous injection
of 180–250 MBq 2-[18F]-2-deoxy-D-glucose
(FDG) 20 minute emission scans were ac-
quired from each patient’s brain using an
ECAT EXACT 47 (921) PET scanner (CTI/
Siemens). Transaxial images were recon-
structed by filtered back projection using a
Hanning filter with cut oV 1.0 of the Nyquist
frequency. Calculated attenuation correction
was applied. Volumes of interest (VOIs) were
placed in both cortical and subcortical struc-
tures. This was done by automatic coregistra-
tion of individual data to fit the stereotactic
space of the computerised PET brain atlas
from the Computerised Brain Atlas (CBA)
software package.12 This performs inelastic
intersubject registration by adapting param-
eters for position, size, and shape. After fitting
individual data to the defined atlas space, FDG
uptake was normalised to the subject’s average
brain uptake in the 15% of voxels with the
highest uptake. The mean value of these voxels
was set to 100. A total number of 49 structures
were analysed with corresponding VOIs prede-
fined in the atlas for right and left brain hemi-
spheres. Maximum FDG uptake of each struc-
ture was measured in all subjects (“hottest
voxel analysis”). Average maximum uptake of
each structure was calculated for the control

Table 1 Maximum normalised FDG uptake in the control group and patients in some of
the examined structures. The Z value is computed as the absolute value of the diVerence of
the uptake in the patient and the mean uptake in the control group normalised to the SD of
the uptake in the control group

Region

Control group Patient 1 Patient 2

Mean uptake SD Uptake Z Uptake Z

Putamen right 130.7 12.5 101.3 2.4 123.1 0.6
Putamen left 130.3 8.5 108.6 2.6 118.8 1.4
Caudate nucleus right 124.4 8.8 103.7 2.4 105.9 2.1
Caudate nucleus left 123.3 6.8 87.0 5.3 108.7 2.1
Frontal lobe right 142.1 11.7 162.0 1.7 143.3 0.1
Frontal lobe left 144.1 10.9 156.6 1.1 145.9 0.2
Occipital lobe right 157.6 15.9 128.2 1.8 134.0 1.5
Occipital lobe left 159.8 11.7 132.3 2.4 132.5 2.3
Thalamus right 127.4 12.0 136.9 0.8 132.4 0.4
Thalamus left 121.5 9.3 142.1 2.2 135.5 1.5

Figure 1 FDG-PET images of patient 1, patient 2, and a control subject. These transaxial sections at the level of the striatum lie in parallel with the
horizontal plane that is defined by the AC-PC line connecting the anterior and posterior commissure. Marked reduction of glucose uptake occurs in the
caudate of both patients, with accentuation in patient 1 (arrows).
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group. The standardised deviate or Z value was
computed for each structure—that is, the
diVerence between maximum uptake in each
patient and average maximum uptake in the
control group in units of the SD in the control
group. Z Values equal to or greater than 2.5
was considered to be significantly abnormal.

Results
A consistent pattern of reduced FDG uptake
for both patients was only detected in the stria-
tum (table 1). In patient 1, FDG uptake in the
striatum was reduced on both sides (figure).
This was most pronounced in the caudate, par-
ticularly on the left, and it was also significant
in the putamen. Patient 2 also showed reduced
bilateral FDG uptake in the caudate (fig 1).
The corresponding Z values missed the thresh-
old of Z=2.5 for statistical significance, but
nevertheless indicated a tendency. In the puta-
men no significant abnormal reduction of
FDG uptake was found on either side.

In both patients there was a reduction of
FDG uptake in the occipital lobe, but not a
significant abnormality. In both patients uptake
in frontal, thalamic, and cerebellar regions was
not diVerent from respective control values.

Discussion
Choreic movement disorders associated with
acanthocytosis, grouped under the umbrella
term “choreoacanthocytosis”, comprise heter-
ogenous conditions. Neuroimaging findings in
choreoacanthocytosis mostly describe slight
generalised cortical and pronounced caudate
atrophy on CT or MRI in patients with
clinically manifest choreic movements.11 13 14

Functional imaging may show reduced striatal
glucose utilisation in FDG PET,15–17 frontal
hypoperfusion in 99mTc-HMPAO SPECT18

and C15O2 PET,19 decreased fluorodopa uptake
in the posterior putamen, and a decline of
dopamine D2 receptor density in caudate and
putamen measured by raclopride PET.19 There
are few reports of neuroimaging findings in
proved McLeod syndrome in the literature5 11

other than our own patients, describing also
mild generalised cortical and caudate atrophy
in CT or MRI in symptomatic patients. Given
the primary haematological interest in McLeod
syndrome, few patients have yet been docu-
mented with suYcient neurological detail.
Neurological abnormalities, in particular cho-
rea, usually seem to occur later in the course of
the disease.2 5 10 11 The median age at presenta-
tion of chorea in all reported cases was 47 years
(age range 27 to 57).

Preclinical evaluation of cerebral involve-
ment in McLeod syndrome has only been per-
formed in our patient 2 so far. FDG-PET
showed a tendency to bilateral caudate hy-
pometabolism whereas metabolism of the
putamen, striatal D2 receptors, and gross
brain morphology was not aVected when he
was investigated at the age of 28. In the
absence of a plasma input function for
compartment model analysis a widely used
semiquantitative evaluation of PET data was
applied. The PET images were normalised to
the subject’s brain uptake in the 15% voxels

with the highest uptake. This normalisation
generally implies that voxels with the highest
FDG uptake are not aVected by the disease of
the patient. According to our findings this
assumption is not fulfilled completely: The
putamen and caudate belong to the 15% brain
voxels with highest uptake. However, as the
total volume of putamen and caudate (about
30 ml) is only about 20% of the normalisation
volume, the eVect of a reduced FDG uptake in
these structures on the normalisation might be
neglected.

Caudate atrophy in CT or signal abnormali-
ties in T2 weighted MRI as demonstrated in
patient 1 and reduced striatal FDG tracer
uptake in PET are also features of Hunting-
ton’s disease. Reduced striatal FDG uptake in
the asymptomatic patient 2 may indicate that
disturbance of glucose metabolism in the
striatum also precedes clinical symptoms in
McLeod choreoacanthocytosis as it is known
from patients at risk for Huntington’s disease.
Neuropsychological investigation of patient 1
disclosed marked deficits related to frontal
lobe function as described in other forms of
choreoacanthocytosis.18 20 By contrast with
findings in Huntington’s disease17 21 22 frontal
lobe glucose metabolism, however, was normal
in both patients. We cannot give a conclusive
interpretation of the occipital reduction of
FDG uptake prominent on the left side which
just misses statistical significance. It will be
necessary to examine more patients to confirm
this finding.

Degeneration of striatal neurons in McLeod
syndrome may be related to glutamate toxicity,
as Kx, the malfunctioning or absent membrane
protein, resembles Na+ dependent glutamate
transporters.3 The much needed understand-
ing of the mechanisms involved in basal ganglia
degeneration and the resulting chorea will
profit from functional characterisation of Kx,
which has, up to now, only been studied in red
blood cells. Given the similarities of Hunting-
ton’s disease and McLeod choreoacanthocyto-
sis at the clinical and neuropathological level, it
could be argued that there are parallels in the
final pathophysiological pathway.

We gratefully thank AP Monaco and M Ho, Oxford UK, for the
genetic analyses.
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NEUROLOGICAL STAMP

Sir David Bruce (1855–1931) and Thermistocles Zammit
(1864–1935)

Sir David Bruce was an Australian by birth. He graduated
from Edinburgh in 1881 and spent a large part of his career
as a military physician. While stationed in Malta, he stud-
ied Malta fever (brucellosis or undulant fever). In 1887 he
discovered the causal organism at first called Microccus
melitensis but later renamed Brucella melitensis. Themisto-
cles Zammit was engaged in public hygiene activities
around the Mediterranean and Malta, and became
acquainted with Bruce. In 1905 it was discovered by Zam-
mit, who was born in Valletta, Malta that Malta fever was
transmitted by goats. Neurological complications of
Brucellosis are now well recognised.

In 1894 Bruce found that nagana, a fatal disease of
horses and cattle in central and southern Africa, was
caused by a trypanosome named after him (Trypanosoma
brucei). This was transmitted from antelopes by the tsetse
fly (Glossina morsitans). This work was of great help with his
later research on sleeping sickness (trypanosomiasis), in
which he showed that another tsetse fly (Glossina palpalis)
was the vector of the disease and the disorder was caused
by Trypanosoma gambiense

Bruce and Zammitt are portrayed on a commemorative
stamp issued by Malta for the international antibrucellosis
congress held by the FAO in Valletta in 1964 (Stanley Gib-
bons 316, Scott 298)
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