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CHAPTER I
INTRODUCTION
1.1 Background and Rationale

Abnormal movements are encountered frequently in clinical neurology
practice. The majority of the abaormal movements are caused by the dysfunction in
the interactions within the basal ganglia structures, its circuits and other associated
regions in the central and peripheral nervous system. Diseases with predominantly
symptoms of abnormal mavements 2re rermed movemen! disorders Movemen:
disorders encompass a variety of disease entities of different etiologies, which can be
neurodegenerative, hereditary, toxic. metaboliz and etc. Cne of the most common
movement disorders is Parkinson's disease (PD), which is caused by progressive
neurodegenerative process, in which genetic and environmental factors contribute to =
the toxicity of vulnerable neurons.

Wilson's disease (WD) is an amosomal recessive hereditary disorder, in which
there is mutation of the gene coding for P-type ATP-ase, causing marxed reduction of
hepatic copper incorporation during the synthesi- of ceruloplasmin (Cp). As a result,
there is accumulation of copper in different organs in the body, commonly in the
brain, liver;eve and Kidney. Copper deposition ir WD can be found in selected brain
structures such as the basal ganglia. Therefore, patients with WD commonly present
with gEmormal mavements, such as tremor, parkinsonism and dystonia. During the
5ynlhc;is of Cp, incorporation of copper takes place prior to the secretion of holo-Cp

into plasma. representing the measurement of Cp in our day-lo-day clinical practice.
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Impairment of copper incorporation results in secretion of an unstable moiety, apo-
Cp, which is rapidly degraded in the plasma. Serum measurement of Cp is used as a
screening test for WD, in which the level of holo-Cp is low. The first clinical signs
and symptoms of WD generally develop in the 2™ — 3™ decades of life, but earlier or
later manifestations have also been reported. The diagnosis of WD is made by the
assessment of clinical features, often involving more than one system. If WD is
suspected, examination for Kayser Fleischer (KF) ring, copper deposits within the
cornca, is commenced. Further diagnostic confirmation includes testing for abnormal
copper metabolism. Serum Cp concentration is characteristically reduced by more
than 50% of the lower limit of normal reference range in symptomatic patients,
although it can be normal in WD especially with WD liepatitis. 24-i iour urinary
copper excretion is markedly increased. Only if the above findings are equivocal do=s
liver biopsy is required for measurements of tissue copper coutent. Clinicians should
have high level of suspicions of WD in young patients presenting with abnormal
movements. Screening for KF ring and the measurement of serum Cp concentrations
are mandatory for these patients. Since specific treatment including coppe. chelating
agents is available for WD, early diagnosis or even presymptomatic screening in
patients with aftected sibling is essential to reduce morbidity. Other conditions
associated with dysfunction - copper and Cp homeostasis includes
aceruloplasminemia and Menkis® aisease, which also commonly present with
abnormal movements. Serum Cr concentrations are also reduced in these entities.
Recent studies have shown that Cp is implicated in the cascade of
ncua:;:dtgzntmivc process in several disease entities including PD. A missense Cp
gene mutation was found in a patiei. with PD"?. Immunohistochemistry study also

demonstrated the co-localization of Cp with Lewy bodies, the pathological hallmark



of PD'. Furthermore, a recent retrospective study reported the finding of reduced
serum Cp concentrations in various non-Wilsonian neurodegenerative or non-
neurodegenerative movement disorders”. Nevertheless, the precise role the Cp in
many non-Wilsorian movement disorders remains unclear.

The aim of this research study was to measure the serum levels of Cp in
patients with different non-Wilsonian movement disorders. The finding of this study
would help to further understand the role of Cp in different movement disorders and
the diagnostic significance of reduced serum Cp levels in clinical practice. If the
serum Cp concentration is indeed different from healthy controls, clinicians might
consider using serum Cp measurement more frequently in the investigation of patients

with movement disordcrs, not limited to the screening for W alcne.

‘1.2 Research Questions

Primary Research Questions: -
2. What is the serum ceruloplasmin l2ve! in patients with non-Wilsonian
movement disorders?
b. Isihe serum ceruloplasmin level sigrificantly higher in patients with non-

Wilsonian movement disorders when compared with healthy controls?

1.3 Objectives

. The aims of this research study were: (1) to measure the serum Cp

levels in Thai patients with different non-Wilsonian movement disorders, and (2) to

compare the means serum Cp levels between these patients and healthy controls.



1.4 Hypothesis

- The mean serum ceruloplasmin level in patients with non-Wilsonian
movement disorders is not significantly different from that of healthy
controls

H;:
- The mean serum ceruloplasmin level in patients with non-Wilsonian

movement disorders is significantly higher than that of healthy controls
1.5 Study Population

Our case population was Thai patients with non-Wilsonian movement
disorders. Sample of this population was obtained from patients who attended the
Chulalongliorn Comprehensive Movement Disorder Clinic at King Chulalongkorn .
Memorial Hcspital. Patients were required to be adults and have predominantly
abnormal movements as their main symptoms, for which a clinical diagnosis had been
made. In patients with young onset movement disorders under age 45 years,
regardless of the presence of family history, Wilson’s disease (WD) had to be
excluded by the ophthalmologic examination for Kaiser-Fleischer rings and there
should be absence of clinical and laboratory findings that are suggestive of WD.
Contiol subjects were healthy bloed donars who attended the Thai Red Cross Blood
Banlg{ Subjects in both study and control grotips would be excluded if they had
conditions that might have affected their serum Cp levels. These included inter-

current infections, inflammation and malignancies, abnormal renal function, protein



losing enteropathy, known liver diseases or pregnancy. Healthy volunteers in the

control group who have a history of neurodegenerative disease, serious medical

conditions, family history of movement disorders were also excluded from the study.

1.6 Abbreviations

CBGD:

Chr:
DA:
DLB:

ET:

GABA:

GPI:

MRI:

MSA:

NBIA:

PD:

PKAN:

PSP:

Corticobasal ganglionic degeneration

Centrai nervous system

Confidence interval

Ceruloplasmin

Cerebrospinal fluid

Dopamine

Dementia with Lewy body

Essential tremos

Gamma-aminobutyric ucid

y-glutamyl transpeptidase
Glysosylphosphatidylinositol

Huntington's Disease

Magnetic resonance imaging

Multiple system atrophy

Neurodegeneration with brain iron accumulation
Oral contraceptive pills

Parkinson's disease

Pantothenate kinase associated neurodegeneration

Progressive supranuclear palsy



SSPE:
TIBC:

WD:

Restless leg syndrome

Superoxide dismutase

Subacute Sclerosing Panencephalitis
Total iron binding capacity

Wilson's disease

1.7 Expected Benefits and Applications

The diagnosis of sporadic movement disorders remains a clinical one. There

are no biomarkers to confirm the diagnosis. Existing diagnostic methods such as

functionzl imagings for PD are expensive and are only limited for research purposes

in Thailand.

The laboratory test for serum Cp measurement is very cheap. However, its

measurement is mostly limited to screening for Wilson's disease in current clinical

practice. Limited existing data has suggested that Cp might be involved in the

nathophysiology of other types of movement disorders such ac PD. Mean Cp levels

were also found to be reduced in other movement disorders in previous small

retrospective studies as well as in our clinical practice.

Therefore, we aim to study the scrum Cp levels in patients with non-Wilsonian

movement disorders and to compare them with healthy controls. The results of this

study will help determine the clinical imporiance of serum Cp measurement in the

investigatior of patients with abnormal movements. If Cp levels are found to be low

in EC.R'Riﬂ disease entities, it can also improve our understanding of the role of Cp and
L]

the diagnostic significance of serum Cp levels. I'he findings for this study can



potentially lead to change in clinical practice by introducing serum Cp measurement
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction to movement disorders

Categories of Different Types of Abnarmal Movements:

Movement disorders encompass a variety of disease entities characterized by
the presence of excessive movements, hyperkinetic disorders, or poverty of motions,
hypokinetic disorders. Examples of hyperkinetic disorders include chorea,
nemiballismus, dystonia, tremor, tics, ataxia and myoc!onus. Hypokinetic disorders
featur: slow, low-amplitude movement associated with rigidity and postural

“instability as seen in parkinsonism. Although the majority of hyperkinetic movements
are involuntary, there are instances in which the precise nature of the movement is
difficult to define. Among them, tics and akathisia are examples of hyperkinesias in -
which the patient is aware of an inner sensation that comehow acts in triggering the
abnormal movement. It is not possible then to qualifv these movements as totally
involuntarv (Table 1). Many movement disorders manifest a combination of hyper-
and hypokinetic features as a result of the dysfunction of interactions within basal
ganglion structures and between basal ganglia and otker central servous system areas.

Movement disorders also include a variety of other neurological disturbances
featuring abnormalities of musele tone and posture. Certain movement disorders may
shmg a distinctive combination of disturbances of tone, posture, and movemant. Such

is the case in Parkinson’s disease, which combines rigidity (increase in muscle tone),
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tremor (hyperkinetic movement), and bradykinesia (hypokinetic movement) with a

flexed or stooped posture and reduction in arm-swing while walking.

Table 1: Categories of Different Types of Abnormal Movements

Hyperkinetic Abnormal Movements:
- Chorea
- Ballism
- Tremor
- Mpyoclonus
- Tics
- Dystonia

- Others (stereotypies, akathisia, restless legs, moving toes/fingers)

Hypokinetic Abnormal Movements:
- Bradykinesia (seen in parkinsonism including Parkinson’s disease and other

parkinsonian syndromes

Diagnosis of Movement Disorders:

Diagnosis of movement disorders relies heavily on clinical identification of
the phenomarolesy of each ty pe of abnormal movements present in a patient
followed by recognition of associated featuies. A particular combination of signs is
defined a< a syndrome; irrespective of its etiology: Inthe case of movement disorders,
thereqmay be instances in which the presence of a single type of abnormal involuntary
movement constitutes the whole syndrome e.g. postural and action tremor in essential

tremor, O the other hand, there are examples of movement disorders in which
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different types of abnormal movements coexist with abnormalities of tone and
posture. For example, the presence of combination of tremor, rigidity, bradykinesia
and postural instability in parkinsonism, or the presence of sustained dystonic spasms,
dystonic jerks or tremor, myoclonus and abnormal twisting postures in dystonic
syndromes. Table 2 gives examples of different clinical disorders in which a single
type of abnormal movement is the predominant or frequentiy associated feature, in
contrast to other movement disorders in which there may be more than one type of

movement disorder present.

Table 2: Predominant or Frequently Associated Features in Different Movement

Disorders
Features Associated Movement Disorders
Predominant:
- Dystonia Idiopathic focal or generalived
- Chorez Benign hereditary chorea
Lupus chorea
- Tremor Essential tremor
- Myoclonus | Essent:al myoclonus

Postanoxi myoclonus
Drug-induced myoclonus

- Tics Gilles ae lat Tourette's syndrome
L
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Frequently associated :

- Dystonia Wilson’s disease
- Chorea Huntington’'s disease
- Tremor Parkinson’s disease

Wilson's disease
- Myoclonus Multiple system atrophy

- Tics Neuroacanthocytosis

The final step in the process of diagnosis of movement disorders is disease
recognition. Disease identification involves not only the characterization of the
presence of Gifferent abnormal movements, tut alse taking in*o consideration of age
of onset of symptoms, the temporal course of the disease, response to medications, the
past medical history or drug history of the patient, the presence or absence ot family
history, the presence of associated signs and symptoms suggesting the involvement of
other areas of the nervous system, and in some cases, the findings of abnormalities in _
laboratery and imaging studies. Etiologies of movement disorders range from

idiopathic, neurodegenerative, toxic, metabolic, hereditary, iatrogenic, drug-induce?,

traumatic, psychogenic and etc.

Neurodegenerative Movement Disorders:

Some movement disorders such as Parkinson's disease (PD) arc caused by
progressive neurodegenerative process, in which genetic and environmental factors
conteibute to the toxicity of vulnerable neurons (Table 3). PD is one of the most
commonly encountered movement disorders in clinical practice. PD is the second

most common neurodegenerative disorder and the prevalence in individuals above 65
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years of either sex is approximately 100 per 100.000 populations®. Although its
incidence is higher in the fifth and sixth decades, it is not unusual to encounter
patients with onset of the disease below age 40, which is also known as young-onset
PD. As in some other movement disorders, there are no biological markers that allow
for its diagnosis antemortem. Recently, functional neurocimagings can aid in the
differential diagnosis in doubtful cases with good specificity and sensitivity’,
however, its availability is still limited to research purpose in Thailand. At present, the
diagnosis of PD is based on clinical criteria and its definite confirmation is only
possible through postmeortem analysis or pathologic findings. Pathologically proven
PD requires the presence of neuronal loss in the substantia nigra and cytoplasmic
inclusions called Lewy bodies. Even after applying clinical criteria, there will remain
a number of cases in which the diagnosis is proved wiong at autopsy by up to 10
percent®. The recent discovery of genetic foci, such as a-synuclein gene mutation in
the small percentage of PD caused by monogenetic mutation’, has enhanced our
understanding of the pathogenesis and the role of toxic proteins in PD and other -
neurodegenerative disorders. Nevertheless, to date, the identification of environmental
ris!: factors as well as the actual mechanisms of neuronal toxicity rémains unclear.
Othier neurodegenerative movement disorders include progressive
supranuclear palsy (PSP), multiple system atrophy 1 MSA), corticobasal ganglionic
degeneration (CBGD), dementia with Lewy body (DLB) and Huntington's disease
(HD). These entities manifest with combinations of abnormal movements in
association.with.other nevrological disturbances. As.in PD. confirmation of diagnosis
requires patholegical examination at autopsy, in whizh pathological-hallmarks in

susceptible regions of the brain are identified.



Table 3: Role of Iron and Heavy Metals in Neurodegenerative Diseases. Heavy Metal

Interaction Mediates Protcin Aggregation.

Specific Protein Metals Tissue Diseases

A-Beta Cu, Fe, Zn Neocortex Alzheimer’s
Disease

Prion Protein, PrPc Cu Neocortex Creztfeldt-Jacob
Disease

Supcroxide Dismutase 1, | Cu Motor Neurons Familial

S0DI Amyotrophic
lateral sclerosis

Alpha-Synuclein Cu, Fe Basal Ganglia Parkinson’s
Disease

1.7.1 Basal Ganglia Anatomy and Pathophysiology

Parkinsonism, chorea, ballism, and dystonia are examples of movement

disorders in which the basal ganglia are consistently affected in a specific fashion.

The basal ganglia circuit can be affected functionally or anatomically as a result of

diffesent mechanisms in various movement disorders®.

The main afferents to the basal ganglia lead from the cerebral cortex to the

striatum. Within the striatum, particularly the putamen, there are two parallel outflow
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channels: the direct pathway and the indirect pathway. The direct pathway leads form
the putamen to the internal segment of the globus pallidus. The indirect pathway leads
from the putamen to the external segment of the globus pallidus, then to the
subthalamic nucleus, and from there to the internal segment of the globus pallidus.
Each of these two striatopallidal pathways has gamma-aminobutyric acid (GABA) as
the primary neurotransmitier. Dopamine (DA), the main neurotransmitter involved in
the pathogenesis of PD, has a differential effect on the GABAergic neurons in the two
pathways, through stimulation of DA receptors located on these neurons. A reduction
of DA in the substantia nigra decreases GABA mediation of neuronal activity in the
direct pathway, but increases GABA mediation in the indirect pathway.

In PD, the decreass of GABA results in disinhibition of activity in the internal
segment of the globus pallidus in the direct pathway, which, in tum, inhibits output
from the ihalamus to the cerebral cortex. An increase in GABA, on the other hand,
inhibits activity in neurons in the external segment of globus pallidus in the indirect
pathway, which leads to disinhibition of activity in the subthalamic nucleus. This
stimulates neurons in the internal segment of the globus pallidus, which further
reduces outp::t from the thalamus to the cortex. With thalamic activity suppressed by
the resulting effects of DA denervation in both direct and indirect pathways, the
wverall thalamic output to the cortex is severely reduced, leading to the varied motor
responses that are symptomatic of parkinsonism, mainly bradykinesia and rigidity.

Chorea, on the other hand, is the result of loss of striatal GABAergic neurons
projecting to the globus pallidus. Neurons primarii; aifectcd in chorea are
GABAergic neurons that give rise to the indirect pathway. Reduced inhibition of the
external pallidum releases its inhibitory projection to the subthalamic nucleus, thus

reducing excitatory impulses acting on the internal segment of the globus pallidus.



The presence of impaired inhibition in the pallidothalamic outflow releases the
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thalamocortical pathway with increased excitatory output to the motor cortex, leading

to hyperkinetic choreiform movements (Figure 1).

A thorough understanding of the anatomy, physiology, biochemistry and

pathophysiology of the basal ganglia has led to the development of novel and refined

techniques in the functional surgery of movement disorders.

Figure 1: Basal Ganglia Circuits®
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2.1 Overview of Ceruloplasmin

The Discovery of Ceruloplasmin:
2}

Eﬁm
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' Cp is a protein of the az-globulin fraction of human blood serum. It contains

95% of serum copper. Cp was first described by Holmberg” in 1944 and was

characterized by Hoimberg and Laurell'® four years later. In 1952, the relation of Cp
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to heredodegenerative processes in humans was documented by Scheinberg and
Gitlin"', who discovered a decrease of its concentration in the serum of patients with
hepatolenticular degeneration also known as Wilson's disease. It is now known that it
is not Cp concentration, but its enzvmatic activity which drops as the protein is
synthesized in liver predominantly in the ape form. Beth the presence of copper-free
Cp in serum and neurological symptoms are secondary to hereditary alteration of
copper metabolism in hepatocytes.

In the 1970s indirect indications concerning possible involvement of Cp in
oxidation of epinephrine and serotonin in the central nervous system were obtained'*
13 The protein was detected in the brain and later the details of its synthesis in glial
cells were discoverad''®, It s possible that the functions of Cp in ke brain exist
beyond what have been discovered thus far. Based on our present knowledge, this
protein plays an impostant role in the metabolism and development of nervous tissue.
This assumption is made plausible if we consider thal the deficiency of Cp, its
impaired function, or the failure of copper metabolism as a whole is typical of several _
other nevrodegenerative disease other tha: Wilson's dis=ase, e.g. Alzhrimer's
disease, Parkinson’s disease, aceruloplasminemia &iid Huntington's disease' . Since
cne of the main functions of Cp is the regulation of iron homeocstasis, impaired
function of Cp can cause toxic iron accumulation in the neurons leading to neuronal

toxicity in the aforementioned disease entities.

Ceruloplasmin gene and its expression:
« The gene encoding human Cp has been mapped on chromasome 3q23-g24°".
It contains 20 exons with total length about 65 kb (Figure 2). Hepatocytes synthesize

Cp which is subsequently found in plasma. Serum measurement of Cp, helo-Cp, is
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provided by the liver, but extrahepatic gene expression for this protein has been
documented. Organs that express Cp gene are the brain, lung, spleen and testis. In the
central nervous system of humans and other mammals, Cp is expressed in astroglial
cells, e.g. of the cerebral microvascular network, and in the neurons. In astrocytes,
leptomeningeal cells and Sertoli cells, Cp is membrane anchored by
glycosylphosphatidylinositel (GPI), which is caused by aliemnative splicing of exons
19 and 20 in Cp gene. As a result, the latest 5 C-terminal amino acids fcund in serum
Cp are replaced by a 30-amino acid stretch in GPI-Cp. The function of this Cp
isoform is now thought to play an important role in iron oxidation and mobilization in
the brain. Jeong and David* demonstrated that GPI-Cp and iron exporter protein
IREG]I act together to provide iroa efflux froin astrocytes. Both proteins are localized
at the astrocyte surface. Gene transcription of an acute phase reactant Cp is mediated
by inflammatory cytokines and is increased in hepatocytes secondary to

inflammation, trauma, infection, etc.

Figure 2: The gene encoding human ceruleplasmin has been mapped on chromosome

3q23-q24
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Structure and Function of Ceruloplasmin:

Cp molecule is a single chain of 1046 amino acids (Figure 3). It consists of six
structural domains. Copper ions are generally specified as three types, depending on
their spectroscopic properties. All three types of copper irons are found in Cp”. Since
every type of copper has its unique ligand binding, their redox potentials vary
considerably. It is because of the particular combination of copper ions with different
properties that Cp can accomplish its oxidase reaction with four electrons transferred
from substrate to oxygen within one cycle. The spatial structure of human Cp contains
the three-copper molecules in the center, which is called “trinuclear cluster” formed
by the closely co-located type 11l copper and type II copper’". This cluster plays a
cruciai role in the oxidase reactio.n as tw? =lcctrons at a time are loaded here to O,
producing 2 H;O, insteaa of the toxic free radical. H;0,.

Ceruloplasmin (Cp) is a copper transport protein and a major plasma anti-
oxidant. I+ is synthesized in several tissues including liver and brain®. A specific form
of Cp, glycosylphosphatidylinositol (GP1), is expressed on astrocytes in the central .
rervous syster (CNS) as well as in the retina and the enithelial cells of the choroids
plesus"”, The detailed studies Ly Frieden’s group proved the ability of Cp to oxidize
the toxic Fe?* to the noii-toxic re***, Therefore, Cp is often termed “ferroxidase”.
Thus, Cp plays a major role in iron homeostasis in the CNS by preventing oxidative
damage to the neurons'®.

Cpis also an acute phase reactant, its concentration increases in inflammation,
trauma, ete, which is mostly attributed to its propenies as an antioxidant,

«, During the synthesis of Cp, incorporation of copper takes place prior to the
secretion of holo-ceruloplasmin into plasma, representing the measurement of Cp in

our day-to-day clinical practice. Impairment of copper incorporation results in
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secretion of an unstable moiety, apo-ceruloplasmin, which is rapidly degraded in the
plasma and lacks ferroxidase activity. Therefore, abnormal Cp synthesis or its
dysfunction can lead to impairment of iron metabolism, subsequent Fe2+ iron
overload (Fe2+), production of free radicals and ultimately neuronal death'®. The
dysfunction of Cp can be found in monogenetically inherited disorders such as
Wilson's disease, Menkes' disease and aceruloplasminemia (Figure 4 and Table 4).
Recently, Cp has been implicated in the pathogenesis of several sporadic
neurodegenerative diseases including Alzheimer’s disease and Parkinson’s disease" >
77 1t is still uncertain whether the role of Cp in the cascade of neuronal death is

primary or secondary.

Figure 3: Three-Dimensiona! Configuration of Ceruloplasmin Molecule
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Figure 4: Diagram to Illustrate Dysfunction of Copper Homeostasis in Both Wilson's

and Menkes' Diseases

Table 4: Laboratory Findings in Wilson's and Menkes' Diseases

Tests Menkes' Disease Wilsen's Disease
Inheritance X-linked Autosomal Recessive
Copper Distribution:
Cp (20-30mg/dl) <20 <20
Serum Copper (70-152pg/dl) <70 19-64
Urine copper (=40 pg/dl) <40 100-1000
Liver‘&pper (20-50 pg/g dry wt) <50 >250
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Role of Ceruloplasmin in Iron Metabolism

As discussed above, Cp is a copper-containing protein with an essential role in
the regulation of iron metabolism. In human, iron is absorbed by the epithelial cells of
the duodenum®®. From these cells the metal is released into blood circulation.
Hephaestin, a membrane-bound copper protein highly homologous to Cp circulating
in plasma facilitates this transport, and it oxidized Fe** to Fe'* to ensure incorporation
of Fe’" into apo-transferrin™. It is likely that hephaestin cooperates with other
proteins involved in iron transport, such as IREG1%". The oxidation of Fe*' to Fe*'
provides iron uptake from blood circulation by cells of various organs™. Its GPI-
anchored isoform is found in astrocytes and Schwann cells of the central nervous
system'”. It is suggested that GPI-Cp in astrocy*es loads apo-transferrin with ferric
iron'”. Loading iror %0 transferring is preceded by its oxidation by Cp and the entire
process reduces the coneentration of the neurotoxic Fe** to a minimum level. This

important role of Cp in iron metabolism was strengthened by the recent finding of a

L]

vare genetic disorder, aceruloplasminemia, which is caused by a mutation =ntailing

prematurc teimination of Cp-mRNA trans'ation (Figure 5).

LAY



Figure 5: Diagram to Illustrate the Important Role of Ceruloplasmin in Iron

Metabolism and the Neurodegenerative Cascade
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2.2 The Likely Role of Ceruloplasmin Underlying Neurodegeneration

The Ceruloplasmin-Regulated Oxidization of Non-Iron Substrates in the Brain
Blood plasma has a pil of avuul 7.4, and it contains a large amount of

chloride. New data showed that =hloride can enhance the oxidase activity of Cp by

100-fold at neutral pH and thus, it might play an important role in the oxidation of a

few cruciz! substances besides iron molecules in both plasma and intracellnlar
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milieu®'. One of these substances is 6-hydroxydopamine™. This catecholamine is an
intermediate nroduce on the way to the formation of dopamine-melanin. Spontaneous
oxidation of 6-hydroxydopamine results in HO; production, which is not observed
when Cp is involved in the catalysis™ **. It seems likely that Cp might be the enzyme
that controis or participates in controlling catecholamine oxidation in the brain and
that its deficiency in cerebral structures, e.g. in striatum, substantia nigra, globus
pallidum, underlies Parkinson’s disease and perhaps other neurodegensrative

s;.rndmmcs‘“.

Altered Copper Metabolism and Ceruloplasmin

Copper is absorbed from the snial! intestine and is transported to the liver
where it is normally stored. A specific transporter of copper ions to hepatocytes,
human copper-transporting protein, hCtrl, has been identified™ . Together with
other so-called “copper chaperones™, they transport copper molecules within the cells
in the liver. In the cell, copper ions can follow one of the four pathways’™ **. They can _
be:

(a) stored bound by copper-thionein

(b) carried to Cu,Zn-superoxide dismutase (SOD)

(c) delivered to mitochondria, or

(d) conveyed by the chaperone HAHI to the Wilson's disease P-type ATP-ase.

The P-type ATP-ase enzyme is located in the rrans-Golgi network and
functions to provide copper incorporation into Cp*’. However, the synthesis of Cp
does n_?t depend on the availability of copper. Under conditions of copper deficiency
orin 1I;: absence of P-type ATP-ase, a protein required for the synthesis of holo-Cp,

the presence of formation of apo-Cp in the plasma is observed.
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Wilson's Disease

Wilson’s disease (WD) is the prototypic example of copper-free Cp synthesis.
WD is caused by a hereditary mutation in the gene coding for WD ATP-ase, which
greatly reduced the delivery of copper to Cp™". As a result, copper molecules reside in
hepatocytes, redox cycling between Cu'*and Cu®* catalyses the production of
hydroxyl radicals that damage DNA, proteins, lipids, ele, intoxicating the cells and
ultimatzly, provoking cirrhosis®. Simultaneously copper is accumulated in selected
brain structures, such as nucleus lenticularis, substantia nigra, globus pallidum, corpus

striatum*'+ 2

(Figure 6), and in the comea where its deposits form typical Kayser-
Fleischer rings* (Figure 7). Accumulation of copper in brain structures, which can be
identified by hyperiutersity sigrals on T2 weighted images in magnetic resonance

imaging (MRI), is beli=ved to cause the symptoms of nevrological degeneration.

Figure 6: Brain MRI Showing Copper and Iron Deposition in Patient with Wilson’s

Disease. The Appearance Mimiecs the “Face of a Giait Panda” =
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Figure 7: Picture of Kayser-Fleischer Ring in a Young Patient with Neurological

Manifestation of Wilson's Disease

Neurological presentations of WD can be extremelv subtle, intermittent, or
hard to categorize™’. Most typically, these involve action tremor or dystonia
(especially affecting cranial musculature). Sometimes, typical parkinsonian features
are initial presentations. Cerebellar outflow tremor, ataxic speech, and other signs
characteristics of white matter disease can also develop The tremor in WD can be
symmetrical or unilateral, and sometimes is paroxysmal. A characteristic form is a
coarse, irregular proximal wremulcusness with a “wing beating” appearance. Tremor
in WD is unresponsive to ethanol or medications used for treating the tremor in
Parkinson’s disease or essential fremor. It can coexist with generalized ataxia®.

Commonly, motor impairment in WD also involves the cranial region.
Clinical manifestations include problems such as dysarthria, drooling, cranial and
oropharyngeal dystonia™’. Wilson described a characteristic facial grimacing with jaw
opening and lip retraction*’. Blepharospasm, tongue dyskinesia, progressive speech

disturbance and drooling frequently occur as WD progresses'”.
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WD can also present with a wide spectrum of behavioral or psychiatric
disorders*’. Sometimes these are the earliest features, preceding motor impairments.
The psychiatric features can involve relatively common problems in the general
population like depression, other mood alterations, or anxiety. In childhood WD, the
psychiatric manifestations may include declining school performance, personality
changes, impulsiveness and behavioral regression. Memory impairment and other
aspects of cognitive decline can also develop. Palients have been described with
initial presentations of psychotic features resembling paranoia and schizophrenia.
Less common psychiatric presentations have included aggressiveness, suicidal
ideation, self-injury, and hypersexuality*’, In rare instances, WD can manifest as
either focal or generaiized seiznies.

Characteristic ophthalmic involvement in WD produces Kayser-Fleischer
Tings, composed of copper — containing granules within Descemet’s membrane of the
cornea®, KF rings are usually bilateral and arise around the coreal periphery,
especially at its upper pole. Virtually all WD with neurological involvement shows -
KF rings. Generally identified without magnification, KF rings require a careful slit
lamp examination for defi..itive diagnosis (and many ophthalmologists are unfamiliar
with this finding). Also typical of copper deposition is a “sunflower” cataract. WD
can show diswrbances of smooth pursuit, convergence, and fixation as we! as eyelid
opening apraxia.

WD is an autosomal recessive disorder, localized on chromosome Hq]4.3"‘6.
The gene, ATP7B, encodes a copper-transporting P-type A'I'P-ase. iMutation within
the 4:}'}"?3 gene in WD leads to ineffective packaging of copper and ineffective
biliary excretion. Thus, the net result is progressive copper accumulation in the

hepatocytes and, eventually, extra-hepatic tissues. Over 300 ATP7B mutations have
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been identified*’. Only homozygotes who inherit disease-specific mutations of both
alleles of the ATP7B gene develop WD. Heterozygote carriers of the mutations are
spared any clinical features, although they may manifest a reduced serum Cp. Age of
onset, site of organ involvement, and other disease characteristics could conceivably
have their origins in different ATP7B mautations. In general, there is no definite
association between ATP7B geuotype ard WD presentation or its subsequent clinical
course*,

Neurological WD should be suspected with unexplained extrapyramidal or
cerebellar impairments, or psychiatric, cognitive, and behavioral disorders.
Asymptomatic siblings need to be tested. Although the first clinical signs and
symptoms generally devclop in the 2™-3" decades of life, earlier and later WD
manifestations have also been reported*’. Familial WD hielps guide diagnostics with
known affected siblings. Clinicians should be aware that initial disease manifestations
(hepatic or neuropsychiatric) often vary greatly in families™.

Beyond screening for KF rings, the ciinical diversity in WD always requires .
diagnostic confirmation by testing for abnormal copper metabolism or gene mutation.
Serum Cp concentration characieristically is <50% reduced, clthough it can be normal
in WD (especially with WD hepatitis)*’. Total serum copper voncentration in WD is
low, although free copper is elevated. 24-Hour urinary copper excretion is =100 pg,
(normal values: <50 pg)*’.

With equivocal laboratory findings and especially in the context of hepatic
involvement, liver biopsy is need=d for histological study and for measurements of
tissut::‘mppcr content. In WD, hepatic copper is >250 pg/g dry tissue*’. Borderline

changes in serum Cp and copper concentrations in serum, liver and urine, may be

observed in other liver disorders and ATP7B mutation heterozygotes can also
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demonstrate mild abnormalities. Further investigation can utilize the uptake and
distribution of radiclabelled copper. The lack of a “second peak™ (indicating labeled
copper incorporation into Cp) implicates WD.

DNA analysis for ATP7B mutation often confirms a diagnosis of WD.
However, screening tests targeted at the most frequent mutations in a particular
regional population are often inconclusive. In these circumstances, sequencing the
entire gene can provide diagnostic confirmation. DNA analysis is especially valuable
for diagnosis of pre-symptomatic relatives of previously diagnosed WD patients™.
For a definite diagnosis, mutations on both alleles of the WD gene must be found.

Other testing can enhance suspicion of WD. In some instances, neuroimaging
can point to WD even with inconclusive copper metabolism and DNA studies. In miid
WD, CT hrain scans ¢an be normal, though more severe cases have bilateral
‘hypodensities in basal ganglia and cther deep structures. Unlize CT, almost all cases
of neurological WD have abnormalities on brain MRI (especially high signal
intensities on T2-weighted and FLAIR images, typically in putamen, globus pallidus, _
caudate, thalomus, midbrain, pons, and cerebellum). In these structures, T1-weighted

images may show hypointensities" .

Deficiency of Ceruloplasmin in Iron Metabolism and its Association with
Neurodegenerative Mavement Disorders

Recently, a Cp gene-deiicient mouse model was d:vtiopedm. Increased iron
deposition-in the cerebellum and brainstem was found in the brains of thege adult
mic:g: Motor incoordination was observed in association with a loss of brainsier:
dopaminergic neurons, These results indicate the important roles of Cp in protecting

the brain from iron-mediated free radical injury.
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The group of neurodegenerative movement disorders associated with
increased brain iron content can be divided into two groups®':

(1) parkinsonian syndromes associated with brain iron accumulation,
including PD, DLB, MSA-P, PSP, CBGD and HD, and

(2) monogenetically caused disturbances of brain iron metabolism associated
with parkinsonian syndromes, including aceruloplasminemia, hereditary
ferritinopathies affecting the basal ganglia, and pantothenate kinase associated
neurodegeneration type 2.

All these disorders have two features in common: brain iron accumulation
predominating in the basal ganglia and abnormal movements as predominant
reurological disturbance. Although it is still unelear whether iron accumulation. is a
primary cause or secondary event ip the first group, there is no doubt that iron-
induced oxidative stress contributes to neurogegeneration. In comparison with
monogenetically determined causes of brain iron accumulation, iron overload in the
PD and atypical parkinsonian syndromes is small™. The use of metal chelators has
been applied with moderate success with the second group. But the eficct of such
therapy in the first group remains to be elucidated. These disorders will be reviewed
in the following in regards to their association with abnormal function of Cp and

dysregulation of iron meiauolism,

L
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Association of Abnormal Iron and Copper Homeostasis with Monogenic Hereditary

Movement Disorders

Aceruloplasminemia:

In aceruloplasminemia, mutation in the Cp gene results in early termination of
translation”". Thus, the synthesized Cp is truncated and lacks its C-terminal part that
should provide the amino acid ligands for all the copper ions of the catalytical center.
In a review by Hellman and Gitlin™, it is reported that there are at least six missense
mutations in Cp gene, six frame-shifts, three splice site and two nonsense mutations
that cause aceruloplasminemia.

The deficiency in Cp causes .narked hemasiderosis in many cf these patients.
Serum levels of iron are mostly low, but only mild anemia is detected™.

Neurological symptoms usually occur when the patients are in their 40°s,
which can bc exnlained by substantial accumulation of iron in the basal ganglia and
retina. The deleterious =ffect of iron is likely to be strengthened by the presence of its -
ferrous form in the szrum where it is readily absarbed by the tissves. [ron deposition
in aceruloplasminema is more prunounced in astrocytes than in neurons. Along with
neurodegenerative features and symptoms of retinal degeneration, this condition is
marifested by insulin-dependent diabetes mellitus which is also caused by iron
deposition in the Beta—cells of the Langerhans islets. Neuronal cell death in
aceruloplasminemia is a consequence of free-radical stress. A biochemical mechanism
that 1s likely to contribute ta the cell death is increased lipid peroxidation provoked by
fEI‘I"ﬂ&S iron that is not oxidized by invalid Cp. High levels of lipid peroxidation in
aceruloplasminemia have been evidenced in various organs, including the brain. Since

larger amounts of irons are deposited in astrocytes than in neurons, free radicals
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would appear to damage mostly the glial cells™. The loss of function by the glia
further reduces the chances of survival of the neurons which also suffer from
oxidative stress and thus the overall negative effect of iron overload on the neural
tissue is intensified.

Brain iron accumulation in aceruloplasminemia is shown by decreased T1
signal and increased T2 signal in MRI. Neurologically, patients develop progressive
extrapyramidal symptoms, cerebellar ataxia and dementia. Laboratory findings
include complete absence of serum Cp, decreased serum iron content, increased
serum ferritin and microcytic anemia. Elevated total iron binding capacity (TIBC) in
aceruloplasminemia can distinguish it from other conditions with systemic iron

overload such as hemockromatosis.

‘Hereditary Ferritinopathy:

The first hereditary ferritinopathy is named neuroferritinopathy, as this rare
autosomal dominarit disorder is characterized by the lack of clinical signs of systemic-
iron overioad™. Only low serum ferritin levels may be detected, whereas iron levels
and liver function are not altered. Brain iron accumulation predominates in the basal
ganglia, leading to extrapyraniidal symptoms such as rigidity, choreoathetosis,
dvstonia, and spasticity™®, with MRI showing cavitations of the basa! ganglia and iron
accumulation. Symptoms usually start between the third and sixth decade of life. The
second autosomal dominant hereditary ferritinopathy progresses gradually, affecting
first striatal and cerebeliar and later cortical functions from the third decade on”.
Dysﬁ._.lncticn of the liver is reportcd. The more systemic character of (s disorder is
confirmed by typical intranuclear and intracytoplasmic inclusion bodies, not only

found in the gray and white matter of the brain, but also in skin, kidney, liver, and
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muscle upon biopsy®”. By linkage analyses, these disorders were mapped to 19q13.3,
which contains the L-ferritin gene. Until now, three different mutations have been
found to be causative for iron accumulation in hereditary ferritinopathies. L-ferritin is
one of the two isoforms of the main iron storage protein within the brain. The
distribution of L-ferritin and H-ferritin varies between tissues, with the brain
containing larger amounts of H-ferritin. Despite considerable homology, the two
isoforms differ in function. The H-subunit has a specific ferroxidase activity oxidizing
ferrous iron, and is, therefore, involved in iron uptake and release. In contrast, the L-
subunit is involved in the initiation and stabilization of the ferritin core, and therefore,
in the long-term storage of iron. It is proposed that mutations found in patients with
hereditary ferritinopathy disrupt the C-terminus of the L-chain, affecting its stability
and function. Alternatively the C-terminus of the mutated L-chain may interfere with
the formation of holoferritin, leading to an inadequate release of iron from ferritin or
that mutated holoferritin has an impaired capacity to take up iron, leaving uinbound

iron with its capacity to induce the formation of toxic free radicals in the cytosol™ ' -

Neurodegeneration with Brain Iron Accumulation Type 1:

Neurodegeneration with brain iron accumulation (NBIA, formerly
Hallervorden-Spatz syndrome) encompasses a group of rare autosomal recessively
transmitted neurodegenerative disorders, characterized by radiographic evidence of
excessive brain iron accumulation predominating in the basal ganglia and by
progressive extrapyramidal symptoms’® (Figure 8). Acco.ding to the age of onset,
early-onset childhood, late onset-childhood, and adult types of NBIA are
differentiated with extrapyramidal dysfunction, such as rigidity, dystonia, and

choreoathetosis, as obligate features. Additional features include corticospinal tract
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involvement, progressive dementia, epileptic seizures, retinitis pigmentosa and/or
optic atrophy. MRI usually enables the depiction of the excessive iron accumulation
in the lentiform nucleus (typical but non-specific eye of the tiger sign), substantia
nigra and dentate nucleus. In addition to abnermal cytosomes in circulating
lymphocytes and/or sea blue histiocytes in bone marrow, there is no evidence for
systemic dysregulation of iron metabolism. In addition to large amounts of intra- and
extracellular iron neuronal loss and gliosis, isopathological hallmarks include Lewy
bodies and Lewy neuriies. Until very recently the disorder could only be verified by
postmortem diagnosis. The identification of deletions and missense and null
mutations in the coding regions of the pantothenate kinase 2 gene (PANK2)* in
several patients with classic and atypical NBIA has led to the classification of one
major subgroup in this heterogenous group of disorders, including pantothznate
kinase-associated nzurodegeneration or NBIA type 1. Pantothenate kinases are
essential for coenzyme A biosynthesis, which is crucial for intermediary and fatty
acid metabolism. The role of PANKZ in iron metabolism is still under debate.
Accumulation of cysteine, a metabolite of PANK2, is proposed which undergoes
rapid auto-oxidation in the presence of iron, resulting in free-radical production and
induction of lipid peroxidation™. It seems that although PANK2 is not directly
involved i iron metabolism, its loss of function may contribute to iron accumulation

and free-radical-mediated neuronal death.

¥
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Figure 8: Brain MRI Showing Iron Deposition, Mimicking “Eyes of the Tiger”, in a

Patient with Pantothenate Kinase Associated Neurodegeneration (PKAN)

Menkes ' Disease

Menkes’ disease is a disorder in which copper absorption in the
gastrointestinal tract is disturbed®™. It is an X-linked recessive disease that occurs in
approximately 1 in 200,000 live births. The condition is characterized by skeletal
abnormalities, severe mental retardation, cerebellar ataxia and changes in hair
structure (“kinky-hair syndrome™) in early childhood and early moriality. The clinical
features of Menkes’ disease result from a deficiency of serum copper and copper-
dependent enzymes. A candidate gene for the disease has veen isolated and
designated as MINK. The MNK gene codes for a P-type cation transporting ATPase,
based -:;:h homology to known P-type ATPases and in vitro experimentation. The
Menkes’ protein functions to export excess intracellular copper and activates upon

copper 1 bii..iig to the six metal-binding repeats ir. the amino-terminal domain. The
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loss of Menkes protein activity blocks the export of dietary copper from the
gastrointestinal tract and causes the copper deficiency associated with Menkes’

disease.

Association of Abnormal Iron and Copper Homeosiasis with Sporadic Movement

Disorders

Evidence of Abnormal Cp mutation and Iron Accumulation in Parkinson’s Disease:
PD is characterized mainly by the loss of pigmented dopaminergic neurons in
the substantia nigra pars compacta with subsequent striatal dopamine deficiency
(Figur= 9). Oxidative stress leading to an increased production of reactive oxyger
species is thought to be a major component in the pathogenesis of PD. This is
supported by evidence of increased levzls of lipid peroxidation markers, depletion of
reduced glutathione and impaired mitochondrial complex | activity. Excessive
intraneuronal iron accumulation has been found in the substantia nigra of patients .

with PD and it can he detected clinically by transcranial ultrasound®'®

(Figure 10).
Regional iron increase in PD suggests a probable associated abnor 2lity in the
regulation of ircn metabolism. It is still a matter of debate whether iron accumulation
is a primary event initiating or promoting the cascade i neurodegeneration or rather a
consequence of the degenerative process. First findings in ircidental Lewy body
disease, considered as a preclinical form of idiopathic I'D, did not reveal increased
iron levels, suggesting that iron. may accumulate later in the disease process (Figure

11). However, recent finding in a small number of substantia nigra in autopsy of

patients with preclinical PD, did reveal increased iron levels. Therefore, further

studies are necessary lo solve this question.
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Evidence suggesting that iron may play a primary role in the
neurodegencrative process come from the following™:

(1) Long-term occupational exposure to different combinations of metals
including iron, have been associated with PD. Moderate association between iron
intake from food and food has also been shown. However, these findings alore still
cannot account for the majority of PD cases. Additional factors such as disturbance of
the blood brain barrier, thereby allowing the entrance of these metals into the CNS,
have to be considered.

(2) Animal model for PD created by intrastriatal 6-hydroxydopamine (6-
OHDA) infusion, which has selective cytotoxicity targeting the basal ganglia, showed
that animal models are resistant to 6-OHDA toxicity in the presence of iron
deficiency. The animal study also showed that 6-CHDA-induced neurodegeneration
may be prevented by iron chelator. Such finding suggests that increased iron content
may indeed play a key role in this medel of PD. Similarly in unilaterally 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP)-injected monkeys with contralateral
hemiparkinsonism. dietary iron restriction and iron chelators were shown to attenurte
MPTP toxicity. This further indicates that iron does play an important role in these
aniimal models. Brain iron accumulation in animal models created to reflect a
dysregulation of brain iron metabolism also supports the idea of a primary association
of iron and abnormal movements and nevropathology. In the IRP2 knockout mouse
brain, iron accumulation is accompanied by features such as bradykinesia and tremor.
The heterozygovs H-ferritin knockout mouse was found to have a decreased
fen*iti_.,:.r"lmn ratio accompanied by sever~! indices of oxidative stress similar to what is

found in PD.
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(3) The discovery that mutations in and multiplications of the a-synuclein
gene account for monogenetically caused PD and t'hal a-synuclein is a prominent
component of Lewy bodies, aggregation of this protein has become widely accepted
to be involved in the pathogenesis of PD. Meanwhile, several studies have suggested
that iron interacts with a-synuclein, enhancing the conversion of unfolded or a-helical
conformation of a-synuclein to p-pleated sheet conformation, the primary form in
Lewy bodies. Colocalization of iron as well as Cp, protein known to involve in brain
iron metabolism and Lewy bodies further implicates the involvement of iron in the
neurodegenerative process in PD.

Despite this large amount of evidence for a contribution of iron to the
reurcdegenerative progess in PD, it k=< to be taken into account that PD is not 2
disorder of the substantia nigra alone, but rather an ascending neurodegenerative
disease, involving diilerent brein structures. Therefore, it remains to be determined,
whether disturbances of iron metabolism also play a role in other brain areas affected
in PD.

Recent studies have shown that neurndegenerative disorders are associated
with brain iron accumulation and mutations in genes encuding proteins of ‘ron
metabolism, reinforcing the hypothesis of impaired brain iron metabolism in PD. As
mentioned above, the role of Cp in brain iron metabolism has been verified by the loss
of function mutations in the Cp gene in hereditary aceruloplasminemia and by Cp-
deficient mice displaying brain iron accumulation. In such mice models, iron-induced
oxidative injury was evidenced by increased lipid peroxidation and by mitochondrial
dysfunction of the basal ganglia®. Parkinsonism was also reported 1o be present in
some ?'hm of aceruloplasminemia. Furthermore, immunohistochemical studies have

demonstrated the co-localization of Cp with Lewy bodies, the pathological hallmark
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of PD'. These data underlie a possible role of Cp in the pathogenesis of PD and
perhaps in other neurodegenerative diseases. Screening of the Cp gene in a cohort of
PD p tients in comparison to matched controls, Hochstrasser et al' reported three
missense-mutations and observed an association of 163T with PD, the R793H
substitution in association with increased hyperechogenicity of the substantia nigra
and the D544E to be associated with both. Functional impact of these three Cp
missense mutations on holo-Cp biosynthesis and ferroxidase activity was further
studied’. It was ubserved that, n vivo, the 163T mutation sesulted in half the normal
Cp concentration and markedly reduced ferroxidase activity in serum from a
heteroallelic PD patient. Furthermore, the D544E polymorphism resulted in
sign:icantly reduced seruin Cp levels and ferrcxidase activity in heteroallelic patients
and in expression of mainly ape-Cp in cell culture. Thus, this evidence support the
hypothesis that D544E polymorphism may present as a genetically predisposed
vulnerability factor for oxidative stress in the substantia nigra of PD patients, which
directly links this mutation to substantiz nigra iron accumulation in some PD patients _
and even ii: preclinical controls. The involvement of Cp in iron-induced oxidative
stress may predispose genetically vulnerable individuals to the development of
clinical phenotype of PD. Other environmental factors might be involved as additional
predisposing factors.

There have been growing interests in the study of serum levels of Cp and iron
parameters as peripheral markers for CNS oxidative damage. Copper-zinc superoxide
dismutase (SODI) is another important copper enzyme which dismutates the
m:pvf‘mxidc anion radical to the less toxic hydrogen peroxide and oxygen. It is found
intrm;:llu]art}' in most tissues and is one of the major antioxidant in the CNS together

with glutathione peroxidase and catalase. Torsdottir et al* studied the activity of



SODI in erythrocytes and the activity and concentration of Cp in the serum of 40
patients with PD and controls. It was shown that both Cp concentration and oxidative
activity were on average significantly lower in the patients compared with the
controls. Cp specific oxidative activity was also significantly lowered. SODI activity
did not differ significantly between the patients and the controls, but it decreased
significantly with the duration of disease. It was worth noting that Cp and SOD1
activity were not shown to decrease with age. In light of these data, it seemed likely
that patients with PD might have increased vulnerability to oxidative stress, thus
predisposing them to development of clinical PD. In a follow-up study five years
later, Torsdottir et al®® again reported that the oxidative activity and specific oxidative
activity were on average significantly lower in the patient group comparcd to the
control group. However, the follow-up study did not observe reduction of Cp
oxidative activity in association with durction of disezse. The Cp concentration in the
control subjects did not show any change in Cp concentration, oxidative activity or
specific oxidative activity in relation to age. Musci et al*® also showed that Cp in
serum undergoes conformational changes with age but retains its oxidative activity in

healthy individuals.
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Figure 9: SPECT DOPASCAN Beta-CIT Measures Dopamine Transporter.
Asymmetrical Loss of Presynaptic Dopaminergic Neurons are Observed in Patient

with Parkinson's Disease

MNormal PD

Figure 10: Hyperechogenicity of the Substantia Nigra in Patient with Parkinson’s

Disease and Normal Control
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Figure 11: Positive Immunohistochemistry Staining for Ceruloplasmin in Lewy

Bodies

Yigure 12: Novel Missense Variation of Ceruloplasmin Gene in Patient with

Parkinson’'s Disease
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Iron in other Sporadic Neurodegenerative Movement Disorders

Dementia with Lewy Bodies (DLB):

There are only few reports on changes of iron levels in DLB, which is
I:Iinir;illy characterized by the core features of fluctuating cognition with pronounced
variation in attention and alertness, recurrent visual hallucinations, and spontaneous

motor features of parkinsonism™. However, DLB shares many features of with "D
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with respect to Lewy pathology, consisting of Lewy bodies and Lewy neuritis.
Investigation of parameters of oxidative stress in patients with DLB revealed the same
findings as in patients with idiopathic PD, indicating a similar pathophysiologic
process. The use of transcranial ultrasound, the same alterations indicative for an

increased substantia nigra iron content have been found.

Multiple System Atrophy-P (MSA-P)

In MSA-P, parkinsonism that may start asymimetrically in the majority of
cases and includes in addition te rigidity and bradykinesia frequently postural and less
often resting tremor is poorly responsive to levodopa. The characteristic
dyszutonumia consists primarily of urogenital 2nd orthostatic dysfunction®’.
Meuropathologically prominent features are neuronal loss in the putamen, substantia
nigra and usually also in the olivopontocercbellal system, as well as in several cell
systems responsible for autonomic function, such as dorsal motor vagus nucleus
neurons of the ventrolateral medulla and posterior hypothalamus nucleus. The
neurodege=eration in accompanied by a prominent involvement of glial cells that
show the typical glial cyloplasmic inclusions with abnormal insoluble form of
oxidated/nitrated a-synuclein as a major component. Increased concentrations of iron
have been described primarily in the putamen (Figure 13), but also in the substantia
nigra and caudate nucleus in postmortem and magnetic resonance imaging (MRI)

studies®®.

L.
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Figure 13: Coronal Section of MSA Brain Showing Atrophy and Greyish Iron

Depositions in Bilateral Putamen.

Progressive Supranuclear Palsy (PSP)

PSP, clinically characterized by vertical gaze palsy or slov.ing of vertical
saccades and prominent postural instability with falls in the first y=ar in addition to
bradykinesia, mostly symmetric rigidity, and frequently frontal behavioral
abnormalities or dementia, is associated with atrophv primarily involving the
midbrain and the cortex. Neuropathologically, neuronal loss, atrophy, gliosis, and
accumulation of neurofibrillary tangles, derived mainly from the microtubule-
associated tau protein, are found in brainstem nuclei and the cortex. Marked increase
of iron has been detected in the substantia nigra and 1o a lesser extent and later in the
disease than in MSA-P in the putamcn“. In vivo, brain tau accumulation in PSP has
been shov/n Lo colocalize with ferritin®®, Similarly to a-synuclein, iron has been
shown to interact witi: tau protein inducing tau polymers and modulating the

formation of tau aggregates.
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Despite the elevated iron levels, substantia nigra echogenicity is far less
enhanced in MSA-P and PSP than in idiopathic PD. This finding might be because the
increased iron levels in these atypical parkinsonian samples sezm to be bound to
increased levels of ferritin, whereas in idiopathic PD, iron normally is bound to
ferritin seems to account only for a small amount o/ the increased iron levels.
Therefore, differences in molecular structure dv~ to alterations in binding properties
or iron sequestered by other molecules seem to be responsible for the changes in

echomorphology as observed in idiopathic PD.

Corticobasal Ganglionic Degeneration (CBGD)

Similarly, CBGD ;5 assuciated with markedly increased substantia nigra
echogenicity. CBGD is clinically characterized by cortical dysfunction reflected by at
least one symptom, such as focal or asymmetrical ideomotor apraxia and/or
myoclonus, alien limb phenomena, constructional or speech apraxia, cortical sensory
loss, or nonfluent aphasia. Symptoms of extrapyramidal dysfunction must include
focal or asymmetric appendiculzr rigidity lacking sustained L-Dopa response or focal
or asymmetrical dystonia. Variable degrees ot cognitive dysfunstion occur.
Neuropathologically focal cortical and substantia nigra neuronal loss as well as
cortical and striatal tau-positive neuronal and glial lesions are regarded as core
features. Cortical atrophy, ballooned neurons, and tau-positive oligodendroglial coiled
bodies are additionally found. Neuropathological reports about iron in CBGD are
scarce. Marked iron accumulation of the substantia nigra has been described in three
patiTts with typical CBGD, whereas widespread iron deposition throughout the

central nervous systems has been detected in a patient with atypical CBGD. Since

transcranial ultrasound study suggests similar changes as seen in idiopathic PD, it
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remains to be seen whether the substantia nigra iron binding profile resembles the one

found in idiopathic PD.

For all these atypical parkinsonian syndromes, the source of iron accumulation
is still unclear. For accumulation of iron in the substantia nigra, it has been suggested
that dysfunction of striatonigral/striatopallidal GABA neurons may result in the

disruption of zona reticularis iron homeostasis.

Huntington's Disease (HD)

In HD, brain iron and ferritin accumulation has been detected in the putamen,
caudate nucl=us, and globus pallidus by MRI and postmortem investigations®® (Figure
14). These higher iron levels have been found already early in the disease process and,
therefore, have been regarded as putative risx factors. It seems that especially those
iron-rich areas that receive major excitatory input from the cortex, such as the caudate
nucleus and the putamen, are affected by the disease, whereas other iron-rich regions *
with less excitatory transmission or areas with dense N-methyl-D-aspartate receptors
but lower iror: concentrations. are less severely affected. This constellation may argue
in favor of an enhancing adverse effect of iron and excitatory transmission”". The
question of the origin of the increased iron levels is HD is still controversial. A CAG
trinucleotide expansion (>38 repeats), resulting in the mutation of protein, Huntingtin,
was found to be the genetic cause of this disorder. Studies in Hdhex4/5/Hdhex4/5
knockout stem cells implicate that huntingtin is both essential for proper regulation of
the iron pathway and an iron-regulating protein’'. Moreover, low serum ferritin

2,
levels’ and slightly elevated Cp levels'? in the brain indicate a more generalized
gntly
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dysregulation of iron metabolism. Further studies are needed to determine the exact

interactions and role of iron in the pathogenesis of HD.

Figure 14: Neuronal Loss & Gliosis of Caudate nucleus in Huntington Disease Brain

Other Non-Neurodegenerative Movement Disorders:

There is no doubt that the role of Cp, regulation of iron and copper
homeostasis are closely linked in neurodegenerative disorders, in which many
conditions manifest with features of abnormal movements. The frequent association
with basal ganglion circuit abnormalities in these conditions suggests possible
increased vulnerability of basal ganglia or dopaminergic neurons and their
susceptibility to dysfunction. It is still uncertain whether Cp plays a primary or
secondary role or merely an epiphenomenon of the common pathway of neuronal
dysﬁ.m-::;lﬂn in these movement disorders. It might be of interest to study other non-

neurodegenerative movement disorders to ascertain whether the involvement of Cp is
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specific to the neurodegenerative process. Since non-neurodegenerative movement
disorders will also be included in this study, selective disease entities are reviewed in

the following.

The Role of Iron in Restless Legs Syndrome

The impressive relief from restless legs syndrome (RLS) symptoms provided
by levodopa treatment indicates RLS is related to dopaminergic abnormality. But
similar and more lasting relief also occurs for iron treatment in some patients. Thus
there are two major putative causes for RLS™:

(1) CNS dopaminergic abnormality, and
(2) CNS iron insufficiency

Brain iron insufficiency is supported by independently replicated cerebrospinal fiuid
and brain imaging studies for patients without iron deficiency aneinia. Two MRI
studies have found significantly reduced ivon content in the substantia nigra raore
marked for those patients with RLS whose symptoms started before they were 45
years old”. In both studies, MR measurement of nigral iron corcentration correlated
inversely with clinical ratings of disease severity. Two CSF studies reported patients
with RLS compared to matched controls had significant decreases in CSF ferritin and
increases in CSF transferring for samples obtained in the moming’*. In these studies,
in contrast to the CSF, the serura iron measures of ferritin and transferring did not
differ significantly between RLS and controls. Circadian changes in CNS iran status
appear to be a significant factor in RLS. One study of CSF collected in the evening
showed a significant CSF ferritin decrease compared to controls for patients with RLS
with ua?iy-nnset of symptoms™. Remarkable response to intravenous iron treatraent in

RLS patients also links brain iron insufficiency to RLS. The brain iron insufficiency
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in patients with RLS is now well established. Autopsy studies from early-onset
(before age 45) patients with RLS provide strong confirmation of the brain iron
deficiency in RLS. Examination of stained sections from the substantia nigra of
patients with RLS and matched controls showed decreased iron and H-ferritin along
with increased transferring. L-ferritin was not decreased but it was concentrated in
different cell types than normal. Since the majority of iron in the brain is stored in the
oligodendrocytes, L-ferritin is normally substantially higher in these czll types. In
RLS brains, however, astrocytic cells that cormally have only mild L-ferritin staining
had the major proportion of L-ferritin compared to surrounding tissue’. The
mechanism behind this redistribution of iron to astrocytes rather than
oligodendrozytes remains urexp'ained. However, this might explain the failure of iron
although present to be adequately available for the neuron. It also raises concemns
about the interpretation of MRI findings regarding RLS Erain iron status. A failure to
find a charige in iron in a brain region does nct exclude the possibility of abnormal
iron redisposition and thus abnormal utilization. Thus, it is proposed that the
combination of both dopamine abnormalities and iron insufficiency lead to the
marifesiation of RLS. Other factors may interact with the iron pathology to either
enable or protect from RLS expression, but the iron pathology and possible resulting

dopamine abnormality play central roles in the disease process in RLS.

Essential Tremor and New Pathological Findings

Essential tremor (ET) is a highly prevalent, progressive neurological disorder.
There is growing evidence that it may represent a family of diseases rather than a
single ;’ilit};; evidence of clinical and genetic heierogeneity and variable response to

medications supports this view. ET may be pathologically heterogeneous as well. The
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pathology of ET, i.e. the structural manifestations of ET, is not well studied. A
postmortem study’* reveals the presence of anatomically restricted Lewy bodies in 8
out of 33 ET brains in the brainstem, mainly in the locus ceruleus. However, the
majority of ET brains had no Lewy bodies, but had pathological changes in the
cerebellum. The mean number of Purkinje cells was reduced in ET cases without
Lewy bodies. ET without Lewy bodies also had degeneration of the dentate nucleus in
two cases. Lewy body ET cases were older than ET cases without Lewy bodies;
whereas in ET cases without Lewy bodies, a younge: age of onset of tremor and
higher proportions with gait difficulty and family history were found. The
pathological changes of ET appear to be heterogeneous and degenerative. However,
the clinical differences between ET with or without Lewy bedies require additional
study. Whether a proportion of ET patients have limited form of Lewy body disease

- or undergoing neurodcgenerative changes remain unclear.

Previous Studies on Serum Ceruloplasmin Levels in Non-Wilsonian Movement
Disorders:

There has only been limited number of studies that analyze serum Cp lzvels in
patients with non-Wilsenian Movement Disorders. Walshe retrospectively studied the
semm Cp levels in patients who were referred to a Wilson’s disease clinic’. Forty
patieats with neurological presentations, who did not receive a final diagnosis of
Wilson's disease, were studied. Nineteen (47.5%) of these patients had low Cp levels.
All but one of these 40 patients presented predominantly with abnormal movements.
The various diagnosis among patients with reduced serum Cp levels included
Hunﬁng{a:m‘s disease, subacute sclerosing panencephalitis (SSPE), Pantothenate

kinase-associated neurodegeneration (PKAN) and aceruloplasminemia. These results
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highlighted the possible values in measuring serum Cp levels for the investigations of
patients with abnormal movements.

A systematic analysis of serum Cp levels is therefore warranted for patients
with non-Wilsonian movement disorders. As far as we are concern, there has been no
previous prospective study on tiie serum measurements of Cp, copper and iron

parameters in patients with different movement disorders.
2.3 Measurement of Serrm Ceruloplasmin

Measurements of serum ceruloplasmin and copper are often requested in
clinicai nractice to investigate the potential for their excess or deficiency states. In
Wilson’s disease, increased urinary copper and decreased serum level of holo-Cp are
found. Primary copper excess in WD results in copper deposition in the hepatic
paﬂ:m:l;}fmal cells, the brain, the periphery of the iris and the kidney. In the absence of
obvious neurological changes or Kaiser-Fleisher rings, the diagnosis of WD canbe a
challenge. Secrndary copper excess is also possible, especially in people in the
developing countries, through dielary source. Primary copper deficiency presenting in
childhood is often caused by Menkes® disease, an inherited defect in copper
absorption, and has a poor prognosis. Decreased serum level of holo-Cp is found in
Menkes” disease. Primary copper deficiency can also occur in adults as a neurological
condition mimicking the extrapyramidal signs of WD. Secondary or acquired copper
deficiency is reported in patients who are supported with long-term enteral nutrition
and with overuse of zinc supplementation. Early diagnosis of copper deficiency is
essential bcc;hse early recognition and prompt copper supplementation can prevent

neurological deterioration.
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Most of the copper in the serum is transported bound to Cp; the rest is bound
to albumin, transcuprein and copper-amino acid complexes. Serum levels of Cp and
copper may be influenced by various medical conditions and gender, but laboratories
often do not take these into account when reporting reference intervals. Furthermore,
Cp has 6-8 copper atoms per molecuie, with most being tightly bound. As a result,
serum Cp may show considerable heterogeneity in the number of copper atoms per
molecule. Thus, any formula that is used to calculate Cp-bound copper assuming that
six copper atoms bind per molecule of Cp may be valid only in certain situations and
also be subjected to limitations. Since serum Cp is synthesized by the liver, decreased
levels of Cp are found in primary biliary cirrhosis, primary biliary atresia, and in some
cases of sever= hepatitis. The decr=ased levels are duz to the limitaiions of total liver
metabolism rather than to a defect in specific Cp synthesis. As Cp is increasingly
expressed during the acute-phase response it is generally detected in elevated levels
during all inflammatory diseases. I addition, raised levels are seen in
reticuloendothelial neoplasia, biliary obstruction, estrogen therapy, and pregnancy.

As the serum level of copper is largely determined by that of Cp, this should
be taken into account when :nterpreting copper leve!s. Some patients with WD have
serum levels of copper an Cp within their respective reference ranee. About 2% of the
population is heterozygotic for P-type adenosine triphosphatase mutations and often
has Cp levels around the lower reference interval. An equation has been derived to
adjust the serum coneentration of copper for that of Cp:

[adjusted copper](pmol/l) = [total copper] (pmol/l) —0.052 x[Cp)(mg/l) +17.5(pmol/l)

Adjusted copper for Cp is in many ways different from adjusted calcium for
albuminﬁUnlike unbound calcium, which is under hermonal control, it is still unclear

what controls the unbound copper level. Furthermore, whereas roughly half the serum
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calcium is bound to albumin, most of the serum copper is bound to Cp. Therefore, the
copper level adjusted for Cp is a way of making copper better understood. By
enabling adjustment, especially for relatively high levels of Cp, it would answer to
why copper level is slightly raised when the Cp is at the upper end of the reference
interval.

Various methods have been described for the measurement of Cp; however, at
present, there is no standardized method for Cp. The most commonly used methods
are turbicimetry, nephelometry and radial immunodiffusion. Immunological methods
used for Cp might cross react with ape-Cp, leading to misinterpretation of the results.
In this study, immunoturbidimetric assay is used. Cp from serum sample forms a
srecipitate with a specific antiserun. which is deteimined turbidimetrically at 340nm.
For serum sample collection and preparation, only clotied blood collection tubes
shguid be used. Serum sample should be analyzed promptly on the same day of
specimen collection. Once in the laborztory, the serum samples are automatically
prediluted 1:21 with NaCl solution by the instrument. Stability of the diluted sample
lasts for 3 days at 2-8°C or 4 weeks at -15 to -25°C. Samplés with precipitates should
be centrifuge before performing the assay. Assay is performed with the reagent by
COBAS INTEGRA® Roche® in an analyzer, which automatically calculates the

analyte concentration of each sample.

Limitations — Interference

Criterion: Recovery within £10% of initial value.

Ieterus | - No significant interference.
0,

i. g :
Hemolysis - No significant interference.

Lipemia - No significant interference up to an L index of 50. No
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significant interference up to 2500 mg/dL triglycerides. There
is poor correlation between the L index and triglycerides

concentration.

Rheumatoid factors | - No significant interference up to a rheumatoid factors level

of 400 IU/mL.

Other - In very rare cases gammopathy. in particular type IgM

results

(Waldenstrom’s macroglobulinemia), may cause unreliable

For diagnostic purposes, the results of Cp should always be assessed in

coijunction with the patient’s mediczl history, ¢linizal e<amination and cther

findings.

Measuring range:

Standard measuring range
Extended measuring range

Lower detection limit

8.00 — 140 mg/di.

4.00 — 420 mg/dL (calculated)

3.00mg/dL

The detection limit represents the lowest measurable
analyte level that can be distinguished from zero. It is
calculated as ihe value lying three standard deviations

above that of a zero sample

Expected Values:
"

Reference range for the assay employed for this study is 20.00 - 60.00 mg/dL.

- It is recommended that each laboratory to investigate the transferability of the




expected values to its own patient population and if necessary determine its own

reference ranges.

Specific Performance Data:

Reproducibility of this assay was determined using human samples and

controls in an internal protocol (within-run n = 20, total n=20) by Roche®. The

following results were obtained:

55

Level 1 Level 2
Mean 0.20 g/L 0.35g/L
(20.4 mg/dL) (34.7 mg/dL)
CV within-run 3.6% 24%
CV total 3.9% 2.7%




CHAPTER 3

RESEARCH METHODS

3.1 Objectives

The aims of this research study were: (1) to measure the serum Cp levels in
Thai patients with different non-Wilsonian movement disorders; and (2) to compare

the means serum Cp levels between these patients and healthy controls.

3.2 Research Questions

. Primary Research Questions:

¢. What is the serum ceruloplasmin level in patients with non-Wilsonian
movement disorders?

d. s the serum ceruloplasmin level significantly higher in patients with non-

Wilsonian movement disorders when compared with healthy controls?
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3.1 Research Methodology

Study

Design

This is a case-control analytical study. We obtained serum samples
from patients who attended tlie Chulalongkorn Comprehensive
Movement Disorders Center at King Chulalongkorn Memorial
Hospital from 1" October 2007 to 31* March 2008. Patients were
required to have predominant symptoms of abnormal movements and
had obtained a definite clinical diagnosis of movement disorders. We
collected control samples from healthy blood donors who attended the
Thai P22 Cross Bluod Bank on 1* November 2007 and 8" November
2007.

All serum samples were sent for laboratory tests including szrum
levels of Cp, iron, copper, ierritin. total iron binding capacity and

GGT. Results of the laboratory tests were analyzed and studied.

Case

Population

Hospital-based population which comprised of Thai adult patients

with non-Wilsonian movement disorders

Sample

Population

Hospital-based adult patients with definite diagnosis of movement
disorders who attended the King Chulalongkorn Memorial Hospital

from 1* October 2007 to 31 March 2008.

“

Control \

Healthy blood donors who attended the Thai Red Cross Blood Bank

on 1* November 2007 and 8" November 2007. (see appendix F for
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eligibility guidelines for volunteer blood donation)

Inclusions Subjects were included in our study if they were at the age of 18 years
Criteria: or over and provided informed consent (Appendix B).

Exclusion - Documented Wilson's disease

Criteria: - Family history of Wilson’s disease

- Intercurrent infections

- Malignancies

- Abnormal renal function
Protein-losing nephiropathy

- Liver diseases

- y-glutamy! transpeptidase (GGT) = 150U/

- Dietary copper deficiency (<0.7pg/ml)

- Heavy metal exposure (such as occupational exposure)

- Pregnancy

- - Intake of oral contraceptive pills or hormone replacement
therapy

- Serious medical conditions that might lead to systemic

inflammatory response.




Figure 15: Flow Chart to lllustrate Study Design

Patients with movement disorders Healthy blood donors who
who attended the Chulalongkom attended the Thai Red Cross
Comprehensive Movement Blood Bank on 1¥ November
Disorders Clinic from 1* October 2007 and 8* November 2007
2007 to 31 March 2008

Exclusion Criteria:

-  Wilson's Disease
- Family History of Wilson's Disease
- Conditions that may increase or decrease the serum

measurement of Cp

J1

Obtain 4cc clotted blood sample from each subject. Serum Samples were
aelivered to the Department of Laboratory Medicine within two hours and
were processed un the same day

L1

Measurements obtained from serum sample:
1. Ceruloplasmin

" 2. Copper
3. Gamma-glutamyl transpeptidase




3.2 Sample Size Calculations

There has been no analytical study on the serum Cp levels of patients with
non-Wilsonian movement disorders. Therefore, we carried out a pilot study to assist
in the calculation of sample size required for this study. We siudied the serum Cp
levels of 26 consecutive patients with non-Wilsonian movement disorders, who
attended the Chulalongkorn Comprehensive Movement Disorders Clinic at King
Chulalongkorn Memorial Hospital in October, 2007. There were 16 patients with
Parkinson’s disease, 6 patients with primary focal dystonia, 2 patients with essential
tremor, 1 patient with drug-induced parkinsonism and 1 patient with multiple system
atrophy. The mean Cp ievel of the paticiit group was 18.47mg/dl. The value for mean
serum Cp level for the control group (32mg/dl) was obtained from the study by
Torsdottir et al, who compared serum Cp levels in patients with Parkinson’s diseasc
with age- and gender-matched controls®™. For an one-tailed t-test with 80% power, the
minimum sample size required was at least 102 subjects for each group (i.e. patient
and control groups), tzking into account a 10% rate of technical errors such as missing

specimen (Appendix C).

3.3 Operation Definitions

Movement disorders:
- Movement disorders included in this study were Parkinson's disease,
essential tremor, primary focal dystonia (including writer's cramp,
cervical dystonia, focal hand dystonia, Meige's Syndrome and

blepharospasm), parkinsonism-plus syndrome (including dementia
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with Lewy bodies, progressive supranuclear palsy and multiple system
atrophy), tardive syndrome (including tardive dyskinesia and tardive
dystonia), vascular parkinscnism, Huntington’s disease, familial
myoclonus, post-infectious segmental myoclonus, late-onset sporadic
cerebellar ataxia and Tourette’s syndrome.

Neurodegenerative diseases:

- Diseases that were categorized as neurodegenerative diseases included
Parkinson's disease, parkinsonism-plus syndrome and Huntington's
disease.

Iron parameters:

- A collective term referring to serum iron, ferritin and total fron binding

capacity.
Wilson's Disease:

- Patients manifest clinical features of Kayser-Fleischer ring on

ophthalmologic slit-lamp examination and one additional feature as

follow: abnormal laboratory copper studies in consistent with Wilson's

disease or abnormal liver function”.

3.4 Observation and Measurements

Demographic and clinical data of the patients were obtained from the medical
records. Clinical information including clinical diagnosis of movement disorders,
types and duration of abnormal movements, family history and current medications

“

were recorded. For patients with PD, Hohn and Yahr score, duration of treatment and

types of medication were also documented. (Appendix D)
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For control subjects, after the informed consent was obtained, the healthy
volunteers were required to fill in a health questionnaire. The questionnaire included
information on age, gender, occupation, present medical conditions, current
medications, history of exposure to heavy metals and presence of family history
related to Wilson's disease and movement disorders (Appendix E).

After the collection of 3cc of clotted blood from each subject, the samples
were immediately transported in room temperature to the laboratory of King
Chulalongkorn Memorial Hospital within one hour. The laboratory technicians were
instructed to process the samples on the sane day. Laboratory measurements on
serum samples included Cp, copper and GGT. Laboratory method for serum Cp
measurerment implemented the immunoturbidimetric assay “with specific 2ntiserum,

COBAS INTEGRA® by Roche®.

3.5 Statistical Analysis

The serum level measurements were analyzed with SPSS program. Means,
medians, standard deviations and confidence intervals were calculated. Student’s
unpaired t-test would be used for compa:ison of the means of Cp and ke other
measurements between patient and control groups. Subgroup analysis of serum level
measurements of patients with different types of movement disorders was performed.
ANOVA test was used to compare the means between different subgroups. Multiple
regression analysis was used to assess factors that might have affected the serum

levels of Cp. Null hypothesis would be rejected if the p values were <0.05.

- \1‘

3.6 Ethical Considerations
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All patients and volunteers will be provided information on this research study
and informed consent will be sought for every subject. Whole blood of 4cc would be
drawn from all subjects who take part in this study and it might produce minor
discomfort or bruising at needle sitcs. Demographic data and medical information
would be obtained from the medical records of patients only by personnel involved in
this study.

This research study was appruved by the Institutional Review Board of the
Ethic Committee at the Faculty of Medicine, Chulalongkorn University on 25™

September 2007 (Appendix A).



CHAPTER 4
RESULTS
4.1 Demographic Data

There were 152 patients and 95 controls included in our study (Figure 16).
Mear. age was 58.9 years + i4 ir the patient group and 38.2 years + 10.4 in the
control group. Age was significantly higher in patient group when compared with
controls (p < 0.001). There were $2 (54%) female in the patient group and 53 (45%)
female in the control group. There was no significant difference in gender distribution
between the two groups (p = 0.2). Median duration of abnormal movements in the
patient group was 4 years, mean was 5.3 years + 4.4 ranged from | month to 21 years
(T ahlcl 5). Disease entities in patient group included: PD (85/152, 55%), essential
tremor (ET) (17/152, 10%), primary focal dystoria (13/152, 9%), Parkinsonism-plus
syndrome (13/152, 9%), tardive syndromes (11/152, 7%). vascular parkinsonism
(6/152, 4%), Huntington’s disease (3/152, 2%), familial myoclonus (2/152, 1%)post-
infectious segmental myoclonus (1/152, 1%), late-onset sporadic cerebellar ataxia

(1/152, 1%) and Tourette’s syndrome (1/152, 1%)(Figure 17).
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Figure 16: Total Number of Subjects Included in Our Study

204 Patients 114 Controls
Nr;:. of subjects excluded, No. of subjects excluded,
¥ GGT>150U/ or p: Bcr. 6
WD ar i otwp,s | < o i
= Age<l _E}rcarz_‘., 4‘ deficiency, 4
(=2 exclusion criteria: 2) = Heavy metal
exposure, 5
¥
152 Pahults 95 Controls
Table 5: Demographic Data of Patient and Control Groups
Patients ! Controls | p values
Total Number 152 95 -
Female (%) 54% 45% 0.2
Age (years) 589+ 14 382104 <0.001*
GGT Levels 30.2+£23.7 31.8x+23.7 0.60
Symptom Duration (years) | Median: 4
Mean: 5.3 +44 - -
Range: 0.1 - 21

* p values < 0.001 were considered statistically significant

w
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Figure 17: Diagnosis of Different Movement Disorders in Patient Group

Secondary
Parkinsonism: 7

Tardive
Syndromes: 11

Parkinsonism-Plus
Syndrome: 13

4.2 Analysis of Serum Ceruloplasmin Levels

The mean Cp level in the patient group was 20.8mg/dl + 4.3 (minimum: 13.03;
maximum: 38.99). The mean was within the lower limit of laboratory reference value
of 20mg/dl. The mean Cp level in the control group was 23.3mg/dl + 6.2 (minimum:
14.10; maximum: 43.96). It svas found that the mean Cp level in the patient group was

LY
significantly'lower than controls (p<0.001) (Table 6).
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Multiple regression analysis was performed on all our subjects to identify
factors that might have affected the serum measurements of Cp (Table 3). The

following formula was generated:
[Cp] =22.431 - 2.441 * movement disorders + 2.568 * female + 0.069 * {GGT)

- movement disorders: | = patient group; 0 = healthy control
- female: 1 = female gender; 0 = male gender

- GGT: serum levels of GGT

The presence of movement Jisorders, i.e. patiznt group, was found to
negatively affect the serum measurements of Cp (r = -0.24). It was consistent with the
finding {EIII- the lower mean Cp leveis in the patient group when compared with
controls. The levels of GGT was found to positively correlate with Cp levels (r=
0.25). Female gerder was a factor that could increase the serum measurements of Cp
(r= 0.09). Comparison between the demographic data in Soth patient and control
groups did not show any difference in the mean GGT levels and the gender
distribution (Table 1). Therefore, GGT levels and gender distribution did not
confound the finding of a lower mean Cp levels in the patient group. The levels of
total copper is prowably positively correlated with serum Cp imeasurements (p=0.07).
It is known thai about 90% of copper in our body is bound to Cp, so the levels of Cp
and copper are likely to be positively correlated with one another™,

Accoraing to the regression analysis, age did not affect serum levels of Cp
(p=0.12) (T at:}e 7). This finding was important to confirm that the factor of older age

was not a confounder for the lower mean Cp level found in our patient group.
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Other factors included in the analysis were: symptom duration, Hohn & Yahr
staging and types of medications, e.g. dopamine agonist, levodopa (for patients with

PD). These factors were not found to affect the serum Cp levels (p > 0.05).

Table 6: Serum Measurements in Both Patient and Control Groups

Patients Controls P values
Ceruloplasmin 208%43 233%6.2 <0.001 *
(20-60mg/dl)
Copper 12£1.5 1.1+0.3 023
(0.7-1.4pg/ml) |
GGT 302%23.7 31.8423.7 0.6
(1-94UN)

* p values < 0.001 and 1 p values < 0.05 were considered statistically sienificant



Table 7: Factors Identified by Multiple Regression Analysis to Affect Serum

Measurements of Ceruloplasmin
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Factors Correlation Coefficients p values

Movement Disorders -0.24 <0.001 *
GGT Levels 0.25 < 0.001 *
Female Gender 0.09 <0.001 *
Copper Levels - 0.07

Age - 0.124

* p values < 0.001 were considered statistically sipnificani
4.3 Analysis of other Serum Measurements

The mean levels of copper, iron, TIBC, ferritin and GGT in both the patient
and control groups were all within the normal laboratory reference range (Tabie 6).
There were no significant difference in the mean values of copper, iron, TIBC and
GGT between the patient-and control groups (p > 0.05). Mean ferritin level in the
patient group was significantly Ligher than the control group (p = 0.01). Correlation
analysis was performed. A positive correlation between ferritin level and age was
found (p = 0.03), indicating the higher mean ferritin level among our patients was
confounded by their older age when compared with controls (Figure 18).

Correlation analysis was performed among other parameters measured. Serum

t\
iron was positively correlated with TIBL, r = 0.58 (p < 0.001).
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Figure 18: Positive Correlation between Ferritin Levels and Age

1000.00 — o

p=0.03
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4.4 Subgroup Analysis of Serum Ceruloplasmin Measurements in Different

Movement Disorders

Subgroup analysis of the serum Cp measurements between different
movemcnt disorders was performed. Mean Cp levels in PD and ET were 20.2mg/dl
and 26.6mg/dl respectively and they were both significantly iower than the mean Cp
level of 23.3mg/dl (p < 0.001 and p = 0.04) (Figure 19). There was no difference
between the mean Cp levels of patients with other disease entities when compared
with the :c-r:fo] group. There were 45 out of 85 patients (53%) with PD who had a Cp

levels below the lower limit of laboratory reference range of 20mg/dl (Figure 20).
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When the patient group was subdivided according to the underlying etiologies,
subgroup analysis indicated that the mean Cp levels of neurodegenerative movement
disorders (20.4mg/dl) was significantly lower when compared with the control group
(23.3mg/dl) (p < 0.001) (Figure 21). The mean Cp levels of other etiologies, i.e.
idiopathic movement disorders, drug-induced movement disorders and vascular

movement disorders, were not different from controls (p = 0.05).

Figure 19: Mean Ceruloplasmin Levels in Parkinson’s Disease and Essential Tremor

were Significantly Lower than Controls

Others

Secondary
Parkiunsonism

Pa rkins-nnium-l"lus L
Syndromes

95% CI Ceruloplasmin
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Figure 20: Proportion of Patients with Ceruloplasmin Levels below the Lower Limit
of Normal Laboratory Reference Range of 20mg/dl. Over 50% of Patients with

Parkinson’s Disease had Ceruloplasmin Levels below 20mg/dl.
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Figure 21: Mean Ceruloplasmin Level in Neurodegenerative Movement Disorders

was Significantly Lower than Controls
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CHAPTER 5
DISCUSSIONS
5.1 Ceruloplasmin and Brain Iron Metabolism in Movement Disorders

Cp is a multifunctional protein. lts roles include oxidation of toxic iron (also
known as ferroxidase activity), copper-binding, oxidase activity, superoxide
dismutase activity and Cp also acts as an acute phase reactant™®, An essential role of
Cp in iron metabolism was highlighted in the hereditary disorder aceruloplasminemia,
which was first desciibed in 1994"". The mutation of Cp gene in aceruloplasminemia
results in the synthesis of dysfunctional truncated Cp molecules. Aceruloplasminemia
ic as&ucigt:d with excessive iron accumulation and iron-medicated toxicity in the
brain with the onset of symptoms between the ages of 40 and 50 years™". Patients
develop neurological abnormalities such as hyperkinetic movements, parkinsonism,
cerebellar ataxia, dementia. and other systemic involvements including late-onset
diabetes.

In Wilson’s disease, low serum Cp levels are associated with neurological
manifestations, commonly tremor, parkinsonism and dystonia. Neurological damage
is a result of copper and iron depositions in the brain which can be seen in brain MRI.
Small number of patients was found to have iron overload in their livers’®,

PD is one of the most common neurodegenerative movement disorders.
Increased echogenicity of the substantia nigra on transcranial ultrasound can be found
in about Qﬂﬁ‘bf’ PD patients, indicating iron arcumulation®’ 2. The detection of

sequence variations in Cp gene in a PD patient’ and the presence of Cp
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immunoreactivity in Lewy bodies' were the first hints that Cp might have a suspected
role in the pathogenesis of PD. Furthermore, PD patients with Cp missense mutations
were found to have reduced serum Cp levels and ferroxidase m:ﬁvity’. Thus, reduced
Cp levels, insufficient ferroxidase activity, excessive regional brain iron are all
thought to be involved in the cascade of neurodegenenration in PD™. It is not known

whether the involvement of Cp is a primary or secondary phenomenon.
5.2 Reduced Serum Ceruloplasmin levels in Non-Wilsonian Movement Disorders

In this study, the serum Cp measurements were on average significantly lower
in the patient zroup than in the control group. In a retrospective study by Walshe,
serum Cp levels were found to be less than the lower limit of normal range in almost
half of the patients with non-Wilsonian movement disorders’, The mean Cp level of
all patients with non-Wilsonian movement disorders was 22.9mg/dl, which was
slightly higher than the mean serum Cp level of 20.8mg/d| in our patient group.

Our subgroup analysis revealed that serum Cp levels on average were lower in
patients with PD and ET when compared to the control group. Torsdottir et al
reported that the serum measurements and oxidative activity of Cp in 40 patients with
PD were on average lower than their age-and gender-matched controls™. The authors
proposed that old age, long disease duration and long term use of levodopa and
decarboxylase inhibitor might be factors contributing to lower serum Cp levels in
these patients™ *. However, these factors were not shown to significantly affect the

serum Cp levels among our patients with PD.

A
\
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5.3 Possible Mechanisms of Low Serum Ceruloplasmin Levels in Different

Movement Disorders

Our patient group encompassed a spectrum of movement disorders with
different underlying etiologies. Thus, the finding of a lower serum Cp level in our
patient group might imply two possibilities: 1) serum Cp level is lower in patients
with different types of movement disorders when compared to controls, suggesting
either a final common pathway leading to basal ganglia circuit dysfunction or an
outcome phenomenon resulting from basal ganglia dysfunction, and 2) serum Cp level
is lower in certain subgroups of movement disorders when compared to controls,
which is in concordant with the finding in our subgroup analy'sis. These possibilities
are further discussed below.

Our subgroup analysis revcaled selective reductions of serum Cp levels in
patients with PD, ET, and among patients with neurodegenerative movement
disorders as a whole. According to published data, it is plausible that the dysfunction
of Cp is associated with toxic iron overload and neurotoxicity in neurodegenerative
movement disorders such as PD®":™:*'. Our findings were also in line-with other
previous studies on low serum Cp measurements of patiznts with PD when compared
with healthy controls®* ™, It remains uncertain whether the role of Cp is a primary
cause or a secondary phenomenon in the cascade of neuronal damage, or whether a
low Cp level in the serum is a phenomenon observed as a result of neuronal death.
Hochstrasser et al proposed the possibilities of oxidative stress and aggregation of Cp
melecules following disruption of neuronal function’? (Figure 22).

ET is a progressive movement disorder, in which the pathogenesis remains

unclear. Recent studies report heterogencous pathological findings in postmortem ET
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brain. The majority of these 33 brains (76%) did not show Lewy bodies, however,
demonstrated reduction in Purkinje cells in the cerebellum. The remaining proportion
of ET brains revealed Lewy bodies in the brain stem, especially in the iocus
coeruleus. Taking into account of the prolonged course and progressive nature and the
pathological finding of Lewy bodies in subgroup of postmortem ET brain, it is still
controversially debatable whether the ET-Lewy body subgroup would be considered
neurodegenerative in nature. Further studies might provide us an answer in the near
future. In view of our findings, it might be possible that low Cp levels are associated
with certain movement disorders, in which an ongoing disease course is expected.
Nevertheless, one should be cautious in the interpretation of the result of
subgroup analysis. It is because this study vas not powzred to study each individual
subgroup. The significant difference in the means Cp levels in both PD and ET groups
might mmly_rcﬂoct the larger saruple size in these two subgroups. The same
argument might apply to the finding of a decreased mean Cp level in the subgroup

analysis of neurodegenerative disorders when compared with controls.
5.4 Elimination of Confounding Factors

We conducted a linear regression analysis to ensure any possible confounding
factors for our findings were accounted for. Female gender and GGT level were
factors shown to affect serum Cp measurements among our studied subjects. Gender
distribution was similar in both of our patient and control groups. And, no difference
in the mean GGT levels was found between the two groups. GGT was reported to be a
sensitive index c?livcr disease, but it is non-specific for the cause of the liver

~ disease™. GGT was used as a marker for liver disease in our patien. and controls.
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Liver diseases can either increase or decrease the serum measurements of Cp,
depending on the underlying causes. Therefore, subjects with raised GGT level were
excluded from our statistical analysis. Female hormone is known to increase serum
Cp level®, so we also excluded subjects who were taking oral contraceptive pills and
hormone replaceincnt therapy.

Since there was a difference in mean age between our patients and controls, it
was essential to confirm that age did not affect the level of serum Cp in the linear
regression analysis. Similar findings in previous study also reported that age did not
significantly affect the serum Cp levels in adults® ®. Nevertheless, it is known that
serum Cp levels are slightly higher in young children®. Musci et al showed that
serum Tp molecules underwent conformational changes with age but its oxidative
activity is retained in healthy individuals®.

Copper incorporation into the Cp molecnle is an important step in the
synthesis of Cp. In Wilson’s disease, the failure of copper binding to Cp molecule
leads to excessive copper and reduced holo-ceruloplasmin level™. In Menke’s disease,
severe copper deficiency is associated with reduced hole-ceruloplasmin synthesis’. ’
Thus, copper concentration is directly associated with serum Cp measurements™ *,
Subjects with severe copper deficiency were excluded from our statistical analysis,
and it was worth noting that there was no difference in the mean copper levels
between our patient and control groups.

Heterozygotes for Wilson's disease can have reduced serum Cp
measurements® . While it is certainly a possibility in both of our patient and control

groups, this factor is very unlikely to have confounded the outcome of our analysis.

o
\
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Figure 22: Proposed Mechanisms of the Involvements of Ceruloplasmin in Different

Movement Disorders. It is Uncertain whether the Role of Ceruloplasmin is a Causal

Factor or an Outcome Event in the Cascade.

- Aceruloplasminemia [—————="—> | Cpgene
' mutation
Wilson's Disease: l
Defective copper Reduced
incorporation during synthesis or l" ? Toxic protzin
ceruloplasmin synthesis dysfunction of Cp accumulation
Iron accumulation in 2 Hﬂl*-'jf_n'lﬂll_ L
basal ganglia aggregalion wi
l toxic protein
Resultant oxidative stress & Neuronal toxicity & | ¥
Cp aggregation? i g




CHAFPTER 6

CONCLUSIONS

6.1 Summary of Findings

We conducted a cross-sectional analytical study to compare the serum Cp
measurements of patients who attended our movement disorders clinic with healthy
controls. There were 152 patients and 95 controls included in our statistical analysis.
Mean serum Cp level in the patient group was significantly lower than the control
group. Subgroup analysis showed reduced mean serum Cp levels in patients with PD,
ET and in patients with underlying neurodegenerative movement disorders, when

compared with controls.

6.2 Limitations and Future Research

Movement disorder encompassed a large spectrum of disease entities of
different etiologies. Therefore, our study group represented a heterogencous group of
patients. However, since this is a pilot study of this kind, results from this study are
helpful to direct future studies, which might focus on certain mcvement subgroups.
Indeed, this is the first systemic prospective analytical study showing that mean serum
Cp level is lower in patients with movement disorders when compared with controls.
The inclusion of patients with different abnormal movemenis also helped to increase
the sar::‘ﬁle size and interesting trends of differential decreased in mean Cp level were

also observc? in the subgroup analysis as a result.



The lack of age-match and gender-match control group was an important
limitation of this study. Future study with age-range-match and gender-match control
group can increase the validity of the study finding. An addition of control group
incorporating age-match and gender-match neurological patients without abnormal
movements might further help to elucidate the association of serum Cp level and
movement disorders. A research design of longitudinal cohort study, which the
control and study groups are followed over a period of time and seium measurements
are obtained at different time point would be an ideal design for future study.
However, due to the prolonged period of time required for cohort study and the high
chance of loss-of-follow-up, the implementation of case-control study is still feasible.
These research designs would also allow extra information regarding the correlation
of serum Cp levels and disease progression, disease duration and treatment effect to
oe chtained. Basic scientific research on GPI-Cp in the CNS and its association with
systemic Cp would improve our understanding on the potential role of Cp in various
neurological disorders.

Total serum copper levels are subjected to variation with dietary copper
intake. Diurnal variation in ferritin level has been observed in certain movement
disorders, e.g. restless leg syndiome. Therefore, an carly moming saninie of” serum
following overnight fasting would be preferable in future studies. Furthermore, there
is no standardized method of measuring serum Cp level available at present, the
reliability and precision of Cp measurement should be analyzed in each laboratory.
Reference range for gender should be available. These independent data was not
available in the department of laboratory medicine. Nevertheless, validity studies on

=

COBAS INTEGRA® analyzer to analyze reproducibility and method comparison



82

were obtained dirsctly from Roclie® instead for the purpose of study (data listed in

literature review section).
6.3 Research Benefits and Applications

In clinical practice, the measurements of serum Cp are mostly limited to the
screening for Wilson’s disease. The findings of this study showed that patients with
other different movement disorders can also have serum Cp levels below the lower
limit of the normal reference range. The awareness of this possibility is important to
avoid the risk of overlooking other potential diagnosis besides Wilson’s disease in
patients wilh- abnorma! movements and low Cp levels. Neverthzless, in our movemem
disorders clinic, we have observed that patients with symptomatic Wilson’s disease
often have a very low serum Cp level in single digit (i.e. <10mg/dl), often more than
50% below the lower limit of normal reference range. Serum Cp levels in
asymptomatic homozygote sibling of patients with Wilson’s disease, their serum Cp =
levels are usually just slightly above 10mg/d!, which is much lower than the mean Cp
levels in our patients group of 20.8mg/dl. Previous studtﬂs have reported rare
neurological entities with combinations of abnormal movements, dysarthria and
hyperintense T2-weighted signal in basal ganglia that were associated with rednced
serum level of Cp of approximately 1 Smg/dl”,

In view of our findings, we propose that the measurement of serum Cp shouid
be considered as part of the investigation panel in the approach of patients with
abnormal movements. The different ranges of serum Cp levels can help in the
diffe:;ntial diagnosis of various disease entities as mentioned above, though further

studies would be required to cousulidate our existing data (see figure 23).
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Furthermore, a low serum Cp measurement might potentially suggest an ongoing
underlying disease process, as opposed to static events, such as vascular
parkinsonism.

If future studies confirm the relationship between Cp, heavy metals and non-
Wilsonian movement disorders, metal chelators can be considered as therapeutic

options in selective disease entities.

Figure 23: Diagram to Illustrate Different Ranges of Ceruloplasmin Levels in Various

Movement Disorders (approximate values are shown).
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Appendix A

Approval by the Institutional Review Board of Ethic Committee of Faculty of
Medicine, Chulalongkorn University (chapter 5.1)
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Appendix B

Information Sheet and Consent Form for Both Patients and Healthy Volunteers
(chapter 5.2)
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Appendix C

Calculations for sample size estimation (chapter 5.3)

Patients with movement | Control Population
disorders
Mean Cp level (mg/dl), X =1847 Xy=32
X ‘
Standard Deviation, SD SD, =24 SD.= 37

&

Ss2 = SD.24+SD2-2 (A} SD.X SD.) = 1159 (A = 0.5)

Sample size =N = (Z . » + Z)’ 6*  (o’=Variance of difference ~ S¢?)
(s - ) (i ~ X p2~X4)

Type | error = a = 0.05; Zann = 1.64 (one-tailed test)

Type Il error = Fi=02; Zy=0.84
= 2(1.64+0.84)°37° =92
(32-18.47)

With 10% margin of technical error, the minimum sample size = 102




Appendix D

Case Report Form for Patients (chapter 5.4)

Case Report Form

100

Patient No.:.........

Ceruloplasmin, copper and iron parameters in Movement Disorders:
Implications of pathogenesis and diagnostic significance

DAL o orincccsissssssrsssssssssnenTEFE T
NEBIE: ...ivsssnsismnrnisnnsnne sr RTINS
Age:l cioieriiaaaenaYears

Gender: Maie o Female o

Clinical Diagnosis: ..cccvivsssrsisssnsnis s N OR
Duration of Symptoms: ....cccecveernncnnaneconyYears OR
Family History of Abnormal Mavements: Noo

Current medications:
1! R R R R R R L R R R R R R R R

Zt R N N L L R R R R L R
.3- LR R R R L R R R R L R R
For patients with Parkinson's Disease only:

Mini Mental Status Examination:........... =

Healthy Volunteers o
Not applicable o

Yeso

Tremor predominant O OR  Akinetic-rigid subtype o

Curren: Medicaiions:

* Levodopano
+ Dopamine agnonist 0
-

e Monoamine Oxidase Inhibitors o
e Anti-cholinergic 0
Duration of treatment:.....ciucersenssnnnYEATS

Blood Test Results:

Blood Tests Results Normal Range
Ceruloplasmin mg/dl 27-37 mg/dl
Copper pg/dl 70-140 pg/di |
Iron | pg/dl 50-150 pg/dl |
Ferritin: ng/ml Male: 30-300 ng/ml

Female: 10-200 ng/ml
Total iron binding capacity (TIBC) % 228-428 %
“| y-Glutamyl transpeptidase (GGT) U/liter 1-94 Ulliter




Appendix E

Case Report Form for Healthy Volunteers (chapter 5.4)

101

Subject No:

Case Report Form for Healthy Volunteers

> Other Hereditary Diseases, please specify

Ceruloplasmin, Copper and Iron Para i ment Disorders:
Implications of Path esis and Diagnostic Significance

L.Date: .cccvcirnisincecnnnnan i o0 —

2. Age: ......ccoun.. YEATS

3. Gender: Maleno Female o

4. Occupation:
»  Regular contact with heavy metals YESo NO o
>  Regular contact with pesticides YESo NOo

4. Present Medical Conditions;
» Pregnancy ¢ YESo NOo
» Infectior e.g. Common cold, wounds, fover YES o NOo
> Malignancy YES o NOo
> Kidney Diseases YESo NOo
¥ Liver Diseases YES o NOo
» Alzheimer’s Discase YES o NOo
» Parkinson's Disease YES NO DO
» Wilson's Disease YES o NO@o
> Others, please specify

5. Current Medications:
» Oral Contraceptive Pills YES o NOo -
» Hormones YESo NOD
» Others, please specify

6. Family Iisiory:
» Parkinsor’s Disease YESo NOo
» Dystonia YES o NOo
» Tremor YESo NOD
» Wilson’s Disease YESo NOo

7. Blood Test Results:

Blood Tests Results Normal Range
Ceruloplasmin mg/dl 20-60 mg/dI
Copper 0.66-1.5
Serum Iron pg/di 59-158 pg/dl
Ferritin ng/ml 30-400 ng/ml
TIBCY % 228-428 %
GGT Uliiter 7-50UNiter
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Appendix F

Red Cross Eligibility Guidelines for Volunteer Blood Donation:
Website: http://www.redcross.org/donate/give/

BASIC REQUIREMENTS:

oBe in generaily good health and feeling well.

+Be at least 17 years of age; upper age 60 (420d*).

+Weigh at least 110 pounds (45 kg).

JPulse: 80 to 100 beats/min and regular.

» Temperature: Should not exceed 99.5 (37.5¢c).

+Blood Pressure: acceptable range is 160/90 to 110/60.

+Skin: the venipuncture site should be free of any lesion or scar of needle pricks
indicative of addiction to narcoties or frequent Blood donation (as in the case of
professional Blood donors).

DONATION FREQUENCY (may vary):

+Whole Blood donors may donate every 56 days.

4Plasma donors may donate twice a week (max. everv 48 hours.)
JPlatelet donors may donaie a maximum of 24 times per year.
+Other specialized donations are subject to other rules.

DO NOT DONATE BLOOD IF:

» You have ever tested positive for HIV,

+You have ever injected yourself with drugs or other substances not prescribed by a
physician,

o You are a man and have had sex with another man, even once,

+ You have hemophilia or another Blood clotting disorder and received clotting factor
concentiate,

o You have engaged in sex for drugs or money since 1977,

+ You have lived in western Europe since 1980,

o You have been held in a correctional facility (including jails, prisons and/or
detention centers) for more than 72 hours in the last 12 months,

»You were born in, lived in or had sex with anyone who lived in, or received Blood
products in Cameroon, Central African Republic, Chad, Congo, Equatorial Guinea,
Gabon, Niger or Nigeria since 1977 (this list changes frequently; updates are very
important) or,

o You are, or have been a sexual contact of someone in the above list.

-

NOTE: There is a special watch for potential donors who have visited or lived in
Engiand/United Kingdom from 1980 to 1999, and those who have lived and/or
worked in Western Europe since 1980.

MED.‘}CAL CONDITIONS:

JAccident & Injury: can donate if otherwise healthy
»Aids: can not donate
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JAllergies: can donate if there is no infection present and there is no treatment
ongoing

JAnemia: defer donation until no symptoms exist

JArthritis: can donate if mild and not on medication

sAsthma: those with severe asthma requiring regular treatment can not donate; can
donate if there are no symptoms evident

sBabesiosis: can not donate

+Blood disorders or bleeding tendencies: can not donate

sBlood Pressure: acceptable range is 160/90 ta 110/60. (see edication section below
for medication restrictions.)

JBrain or spinal surgery that required a transplant of brain covering (dura mater): can
not donate

JBronchitis: defer donation until four weeks or after recovery

+CJD: When a Blood relative has been diagnosed with Creutzfeldt-Jakob Disease
(CJD), or there is an increased family risk of CJD; can not donate

JCancer: Basal cell, squamous cell skin cancers and keratosis; can not donate until
removed and healed. Melanoma; can not donate. Malignant tumors; can donate five
years after removal of early stage cmtameﬂ solid tumor, no chemotherapy, and in
remission

+Chicken Pox: defer donation untll four weeks after recovery

+Chlamydia: like all other venereal diseases; a minimum of a one year deferral is
required
JColds, fever, flu, sore throat: can not donate until symptoms (sore throat, cough,
respiratory infection, headache) are completely gone

+Cold Sorz, Fever Elister, Canker Sore: can donate

"4Colitis: can not donate

sColostomy: can not donate

4Dementia: can not donate

JDengue: defer donation until four weeks afier recovery

JDermatitis: can donate if mild; defer donation if severe

JDiabetes: can donate if treatment is by diet control and condition is stable; defer
donaticn if on medication

gDiarrhea: defer donation until three weeks after :ecovnry

+Eczema: can donate if mild. defer donation if severe

+Emphysema: can not donate

JFilariasis: can not donate

4Food Poisoning: defer donation for one week after full recovery

JGastroenteritis: defer donation for one week after full recovery

4Gall Stone: can donate if not on medication

JGonorrhea’Syphilis: defer donation for one year after complete recovery

,Gout: can not donate

JHeart attack: can donate if greater than one year since, and no symptoms present, the
attending Blood authority physician must carefully evaluate

JHeart surgery, Coronary artery bypass surgery (CABG) or angioplasty: can donate
one year after surgery, if no history of heart attack, and the donor is on no
medication for the heart (aspirin is okay)

sHemochromatosis: can not donate

JHepatitis: Hepatitis or undiagnosed jaundice after age ten; can not donate. Positive
hepatitis test: can not donate. Can donate if the history of hepatitis is pertaining to
mononucleosis or CMV infection
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JHerpes (genital): can donate four weeks afier lesions completely clear

JLeprosy: can not donate

4Malaria; had Malaria in last three years: defer donation for three years after full
recovery (also see Travel and Residency Restrictions below)

JPregnancy and Miscarriage: can donate after six weeks of full term normal delivery.
Can donate six weeks after termination in third trimester. First or second trimester
miscarriage can donate after stable

JProstate: can not donate

JSexually transmitted diseases - Genital herpes: can not donate until all lesions are
completely clear

JSickle Cell Trait: can not donate

JSeizures in the last five Years: can not donate

+Spondylosis: can donate if feeling well and not under any treatment at all

JStrokes: can not donate

JSurgery (all): can donate after healed and released from physician care.

+Syphilis: see Gonorrhea

+Thyroid: for Hypothyroid, can donate if feeling well and euthyroid on thyroxine for
six months. For Hyperthyroid: can not donate until euthyroid for six months.

o Tuberculosis: can not donate until two years after complete cure

,Viral Infection: can donatc after cure and off treatment

+ Worms: can donatz after complete cure

MEDICATION GUIDELINES:

JAcetaminophen (e.g. Tylenol): may be taken in normal mederate doses before any

" Blood donation

JAccutane: four-week deferral

JAllergy medication: can donate

JAntibiotics: 72-hour deferral after infection is healed

JAnti-inflammatory drugs {Advil, Ibuprofen, Motrin and Naprosyn): may not be taken™
within 24 hours before a platelet donation (some other rules may apply)

JAspitin-containing products or Feldene and Lodinc XL: may not donate witkin 3€
hours before platelet donation

»Birth control pills: can donate

+Rlood pressure medication: can donate under present FDA and American Red Cross
standards in force

+epression medication: can donate

sDiabetic medication - Injected bovinc (beef) insulin since 1980; can not donate

4Diet pills: can donate

JDiuretics: can donate

JFemale hormone pills: ~an donate

JAny human pituitary-derived hormorn= (i.e. growth hormone): can not donate

JSoriatane (Acitretin): three-year deferral

+Tegison (used to tréat a severe skin disorder): can not donate if ever taken

o+ Thyroid medication: can donate if siabilized

",
IMMUNIZATION EXCLUSIONS:

JPolio, mumps, smallpox: two-week or more deferral
sRubella or Rubeola (types of measles): four week deferral
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« letanus, diphtheria, flu, Hepatitis B: can not donate until any reaction is over
OTHER POSSIBLE RESTRICTIONS:

sAcupuncture: one-year deferral

+Alcohol: defer donation if consumed in last 12 hours

2Body piercing: one-year deferral

sCocaine: taking through the nose (snorting); one-year deferral minimum, local
Blood authority will prevail

sDental work - Cleaning and fillings: one-Jay deferral; Root canal: three-day deferral
after work is complete

JEar piercing: can donate if the piercing was performed in a doctor’s office (with
written verification) otherwise, one-year deferral

sElectrolysis: defer donation for one year

sHepatitis exposure: one-year deferral

JMenstruation: can donate

+Rape: one-year deferral

s3moker: can donate

ol attoo in the last 12 months: one-year deferral

o Transfusion: defer donation by one year if undergone transfusion with Blood
products. Can donate if undergone autologous transfusicn only

TRAVEL and RESIDENCY OUTSIDE of the UNITED STATES:

JEngland/United Kingdom - visited or lived in from 1980 to 1999: deferred
indefinitely (this standard vavies between United States FDA and The American Red
Cross and the American Association of Blood Banks.

+ Western Europe - visited or lived in since 1980 deferred indefinitely

+Bom in, lived in or had sex with anyene whe lived in, or received Blood products in_
Cameroon, Central African Republic, Chad, Congo, Equatoriz| Guinea, Gabon,
Niger or Nigeria since 1977 (this list changes frequently; updates are very
important): deferral indefinitcly.

oLived or traveled in an area where Malana is prevalent (Central America and South
America, etc.): three-year deferral,

»Other international travelers: different restrictions apply as precaution against mad
cow disease, depending on what blood bank and region «
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