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Background: Serum ceruloplasmin level is frequently measured in patients 
with abnormal movements when suspecting Wilson's disease. Recent evidence 
suggests the role of ceruloplasmin in the cascades of neuronal damage in Parkinson's 
disease and other neurodegenerative disorders. 

Objectives: To compare the serum ceruloplasmin levels between patients 
with non-Wilsonian movement disorders and healthy controls. 

Methods: The authors obtained serum samples from patients attending 
Chulalongkorn Movement Disorders Clinic between October 2007 and January 2008 
and from healthy blood donors at the Thai Red Cross Blood Bank. The authors 
studied the serum levels of ceruloplasmin, copper and y-gIutamyl transpeptidase 
(GGT) . 

Results: Among 152 patients and 95 controls, mean age in patient group was 
higher than controls (58.9+-14 vs. 38.2*10.4; p<O.OOl). Disease entities included: 
Parkinson's disease (55%)' essential tremor (1 l%), idiopathic focal dystonia (8.4%)' 
parkinsonism-plus syndromes (8.4%)' tardive syndromes (7.1%) and others. The 
mean ceruloplasmin level in patient group was significantly lower than controls 
(20.8*4.3mg/dl vs. 23.3rt6.2mgIdl; p<O.OOl). In subgroup analysis, ceruloplasmin 
levels in Parkinson's disease and essential tremor were lower than controls @<0.001). 
Analysis according to etiologies of movement disorders showed reduced mean 
ceruloplasmin level in neurodegenerative disorders, but not in other etiologies, 
compared with controls (p<0.001). Linear regression indicated that female gender and 
GGT were factors that positively correlate with ceruloplasmin level; but not other 
factors i.e. age, disease duration. 

Conclusions: From our cohort, reduced serum ceruloplasmin level in non- 
Wilsonian movement disorders further supports a pathological role of ceruloplasmin 
in various movement disorders not limited to WD. Interestingly, ceruloplasmin levels 
in subgroups of Parkinson's disease, essential tremor and neurodegenerative disorders 
were lower than controls. Such differential reduction of ceruloplasmin levels might be 
hplemented as part of the diagnostic work-up in clinical practice. 

Department : Medicine Student's Signature: 
. Field of Study: Medicine Principal Advisor's Signature: 1 /%.. /fi 

Academic Year: 2008 Co-Advisor' s signature:&& 



ACKNOWLEDGEMENTS 

I would like to thank the Thailand Research Fund for the research grant year 

2008. I would like to thank our patients and blood donors who provided their serum 

samples for this study. I would like to extend my gratitude to Chulalongkorn 

Comprehensive Movement Disorders Center for providing partial financial support 

for this research project and for the generous help from the staff at the center. They 

included Mrs. Ratanarudee Devahafti, Miss Nuttuwadee Torsanif Miss Chintana 

Dongarmont and Miss Lalita Kaewwilai. 

I am very thznkfil for the kind and helpful assistance provided by the Thai 

Red Cross Blood Bank. Thank you for allowing our team to recruit their blood donors 

to enter the research study. 

I am grateful for the valuable advice on research methodology by Assistant 

Professor Thanirl Asawavichienjinda. 

I am very thankful for the kind assistance by the staff at various departments at 

the King Chulalongkorn Memorial Haspita]. Thanks to Professor Dau~gjai Kasantikul 

at the Department of Psychiatry for referring patients to enter our study. Thanks to 

Associate Professor Viroj Wiwanitkit at the Department of Laboratory Medicine for 

providing advice and suppcrt on laboratory tests for the serum samples. Thanks to the 
7 

staff at the Endocrinology Laboratory for taking part in this study and for prcviding 

tech~ical support. 

Thanks to the neurology residents at the King Chulalongkorn Memorial 

Hospital for referring patients to our Movement Disorders Clinic. 



CONTENTS 

.......................................................................... Abstract (English) 
.............................................................................. Abstract (Thai) 

........................................................................... Acknowledgements 
........................................................................................ Contents 

.................................................................................. List of Tables 
................................................................................ List of Figures 

....................................................................... List of Abbreviations 

............................................................... Chapter I: Introduction 
........................................... 1.1 Background and Rationale 

................................................... 1.2 Research Quesqions 
.............................................................. 1.3 Objectives 
.............................................................. 1.4 Hypothesis 

...................................................... 1.5 Study Population 
......................................................... 1.6 Abbreviations 

................................. 1.7 Expected Benefits and Application 
........................................................ Chapter IT: Literature Review 

.............................. 2.1 Introduction to Movement Disorders 
2.2 The Role of Ceruloplasmin Uliderlyi;~g Neurodegzneration .... 

......... 2.3 Measurement of Serum Ceruloplasmin Concentrations 
........................................................ Chapter In: Research Methnds 

................................................ 3.1 Research Methodology 
.............................................. 3.2 Sample Size Calculations 

................................................ 3.3 Operation Definitions 
.................................... 3.4 Observation and Measurements 

................................................... 3.5 Statistical Analysis 
................................................ 3.6 Ethical Considerations 

Chapter IV: Results ..................................................................... 
................................................... 1.1 Demop?hi c. Data 

......................... 4.2 Analysis of Serum Ceruloplasmin Levels 
.......................... 4.3 Analysis of other Serum Measurements 

4.4 Subgroup Analysis of Serum Ceruloplasmin Measurements 
................................................................ Chapter V: Discussions 

....................... 5.1 Cerul~plasmin and Brain Iron Metabolism 
5.2 Reduced Serum Ceruloplasmin Levels in Non-Wilsonia~~ 

................................................... Movement Disorders 
....... 5.3 Possible Mechanisms of Decreased Serum Ceruloplasmin 

................................. 5.4 Elimination of Confounding Factors 
................................................................. Chapter VI: Conclusions 

.................................................. 6.1 Summary of Findings 
..................................... 6.2 Limitations and Future Research 

................................. 6.3 Research Benefits and Applications 

.................................................................................... Appendices 
...................................................................................... Biography 

Page: 
iv 
v 

vi 
vii 

viii 
ix 



LIST OF TABLES 
Page: 

Table 1 : Categories of Different Types of Abnormal Movements.. . . . . . . .. . . . . ... 10 

Table 2: Predominant or Frequently Associated Features in Different 

Movement Disorders.. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . .. . . . . . . . .. . . . . . . . . . . .. . .. . . . . . . . . 11 

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

Heavy Metal Interaction Mediates Protein Aggregation.. .. . ..... . ... ... .. .... .. . .. 14 

Table 4: Laboratory Findings in Wilson's and Menkes' Diseases ................. 21 

Table 5: Demographic Data of Patient and Control Groups ........................ 65 

Table 6: Serum Measurements in Both Patient and Control Groups ............... 68 

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

Measurements of Ceruloplasmin.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 69 



LIST OF FIGURES 

Figure 1: Basal Ganglia Circuits ........................................................ 
Figure 2: The gene encoding human ceruloplasmin has been mapped on 

................................................................... chromosome 3q23q24 

Figure 3: Three-Dimensional Configuration of Ceruloplasmin Molecule ........ 
Figure 4: Diagram to Illustrate Dysknction of Copper Homeostasis in Both 

Wilson's and Menkes' Diseases ........................................................ 
Figure 5: Diagram to Illustrate the Important Role of Ceruloplasmin in Iron 

Metabolism and the Neurodegenerative Cascade ................................... 
Figure 6: Brain MRI Showing Copper and Iron aeposition in Patient with 

Wilson's Disease . The Appearance Mimics the "Face of a Giant Panda" ....... 
Figure 7: Picture of Kayser-Fleischer Ring in a Young Patient with 

Ner~rological Manifestation of Wilson's Disease ................................... 
Figure 8: Brain MRI Showing Iron Deposition. Milllicking "Eyes of the 

Tiger", in a Patient with Pantotherzte Kinase Associated Neurodegeneration 

..................................................................................... (PKAN) 

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

Patien: with Parkinson's Disease ........................................................ 
Figure i 0: Hyperechogenicity of the Substantia Nigra in Patient with 

Parkinson's Disease and Normal Control ............................................. 
Figure I 1 : Positive In~munohistochemistry Staining for Ceruloplasmin in 

.............................................................................. Lewy Bodies 

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

...................................................................... Parkinson's Disease 

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

Depositions in Bilateral Putamen ....................................................... 
Figure 14: Neuronal Loss of Caudate wcleus in Huntington Disease Brain ..... 
Figure 15: Flow Chart to Illustrate Study Design .................................... 
~ i ~ u k &  16: Total Number of Subjects Included in Our Study ...................... 
Figure 17: Diagnosis of Different Movement Disorders in Patient Group ....... 

................. Figure 18: Positive Correlation between Ferritin Levels and Age 

Page: 

16 



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

Tremor were Significantly Lower than Controls ...................................... 71 

Figure 20: Proportio~ of Patients with Ceruloplasmin Levels below the Lower 

Limit of Normal Laboratory Reference Range of 20mgIdl .......................... 72 

Figure 2 1 : Mean Ceruloplasmin Level in Neurodegenerative Movement 

Disorders was Significantly Lower than Controls .................................... 73 

Figure 22: Proposed Mechanisms of the Involvements of Ceruloplasrnin in 

Different Movement Disorders .......................................................... 79 

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

Various Movement Disorders ............................................................ 83 



LIST OF ABBREVIATIONS 

CBGD: 

CNS: 

CI: 

Cp: 

CSF: 

DA: 

DLB : 

m: 
GABA: 

GGT: 

GPI : 

HD: 

MRI: 

MSA: 

NBIA: 

OCP: 

PD: 

PKAPI! : 

PSP: 

RLS : 

SOD: 

SSPE: 

TIBC: 

WD: 

Corticobasal ganglionic degeneration 

Centrzl nervous system 

Confidence interval 

Ceruloplasmin 

Cerebrospinal fluid 

Doparnine 

Dementia with Lewy body 

Essential tremor 

Gamma-aminobutyric acid 

y-glutamyl tmnspeptidase 

Glycosylphosphatidylinositol 

1 Iu~~tingtorl's Cisease 

Magnetic resonance imaging 

Multiple system atrophy 

Neuzdegeneration with brain iron accumulation 

Oral contraceptive pills 

Parkinson's disease 

Pantothenate kinase associated neurodegeneration 

Progressive supran~lcl~,ar pa l~y  

Restless leg syndrome 

Superoxide dismutase 

Subacute Sclerosing Panencephalitis 

Total iron binding capacity 

Wilson's disease 



CHAPTER 1 

INTRODUCTION 

1.1 Background and Rationale 

Abnormal movements are encountered frequently in clinical neurology 

practice. The majority of the abzormal 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 

qmptoms of abnormal movements ?re ttrmed moverner,t disorders. Movement 

disorders encompass a variety of disease entities of different etiologies, which can be 

~eurodegenerative, hereditary, toxic, metabolic 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 autosomal recessive herefitary disorder, in which 

there is mutation of the gene coding for P-type Am-ase,  causing marked reduction of 

hepatic copper incorpor?tion during the synthesir 3f ceruloplasmin (Cp). As a result, 

there is accumulation of  copper in different organs in the body, commonly in the 

brain, liver, eye and kidney. Copper deposition ir WD car! be fol~nd in selected brain 

structures such as the basal ganglia. Therefore, patients with WD commonly preseqt 

with abnormal movements, such as tremor, parkinsonism and dystonia. Dariqg the 
' 

synthesis of Cp, incorporation of copper takes place prior to the secretion of holo-Cp 

into.plasma representing the measurement of Cp in our day-to-day clinical practice. 





Impairment of copper incorporation mults 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"d - 3rd 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 

wrnca, is commenced. Further diagnostic confirmation includes testing for abnormal 

wpper metabolism. Semm Cp concentration is characteristically reduced by more 

than 50% of the lower limit of normal reference range in symptomatic patients, 

alth~ugh it can be normal in WD especially with WD hepatitis. 244 iuur urinary 

copper excretion is markedly increased. Only if the above findings are equivocal d e s  

liver biopsy is required for measurements of tissue copper co~~tent.  Clinicians should 

have high level of suspicions of WD in young patients presenting with a5normal 

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 affected sibling is essential to reduce morbidity. Other conditions 

associated with dysfunction -f wpper and Cp homeostasis includes 

aceruloplasminemia and Menk~s'  aisease, which also commonly present with 

abnormal movements. Serum Cc concentrations are also reduced in these entities. 

Recent studies have shown that Cp is implicated in the cascade of 

neu~odegenerative process in several disease entities including PD. A missense Cp 
"'", 

gene mutation was found in a patiel,, 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 disorders3. Nevertheless, the precise role the Cp in 

many non-Wilso~ian 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 hrther 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 disorders, not limited to the screening far WC alcne,. 

.1.2 Research Questions 

Primary Rcsearch Quzstions: 

6. Whst is the serum cerul~pl~smin Iwel in patients with non-Y'ilsonian 

movement disorders? 

b. Is the serum ceruloplasmin level sigificantly higher in patients with non- 

Wilsonian movement disorders when compared with healthy controls? 

13 Objectives 

g 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 

Ho : 

- The mean serum ceruloplasrnin level in patients with non-Wilsonian 

movement disorders is not significantly different from that of healthy 

controls 

HI: 

- The mean serum ceruloplasmin level in patients with non-Wilsonian 

movement disorders is significantly higher than that of healthy controls 

1.5 Study Population 

d Our case population was Thai patients with non-W ilsonian movement 

disorders. Sample of this population was obtained from patients who attended the 

Chulalongkorn Comprehensive Movement Disorder Clinic at King Chulalongkorn 

Memorial I-Icspita!. 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. 

Control subjects were healthy blood donors who attended the Thai Red Cross Blood 

Ba*: Subjects in both study and control g r ~ ~ p s  would be excluded if they had 
i 

conditions that might have affected their serum Cp levels. These included inter- 

cutrent 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: 

CNS: 

CI: 

Cp: 

DA: 

>' DLB: 

:- ET: 

GABA: 

GGT: 

GPI: 

HD: 

MRI : 

MSA: 

NBI A: 

OCP: 

PKAN: 

PSP: 

Corticobasal ganglionic degeneration 

Centrai nervous system 

Confidence interval 

Ceruloplasmin 

Cerebrospinal fluid 

Dopamine 

Dementia with Lewy body 

Essential tremoi 

Gamma-arninoblityric acid 

y-glutarnyl transpeptidsse 

Glysosylphosphatidylinositol 

Huntington's Disease 

Magnetic resonance imaging 

Multiple system atrophy 

Neurodegeneration with brain iron accumulation 

Oral contrxeptive pills 

Parkinson's disease 

Pantothenate kinase associated neurodegeneration 

Progressive supranuclear palsy 



RLS: Restless leg syndrome 

SOD: Superoxide dismutase 

SSPE: . Subacute Sclerosing Panencephalitis 

TIBC: Total iron binding capacity 

WD: 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 Y 

yathophysiology of other types of movement disorders such as 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 %rum 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 importance of serum Cp measurement in the 

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

in ccpcin disease entities, it can also improve our understanding of the role of Cp and 
i 
? 

the diagnostic significance of serum Cp levels. f i e  findings for this study can 



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

as a routine investigation for patients with various movement disorders. 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction to movement disorders 

Categories of D~reerent Typs of Abnormal Movements: 

Movement disorders encompass a variety of disease entities characterized by 

the presense of excessive movements, hyperkinetic disorders, or poverty of motions, 

hypokinetic disorders. Examples of hyperkinetic disorders include chorea, 

hemiballismus, dystonia, tremor, tics, ataxid and myoc!ot~us. Hypokjnetic disorders 

featur: slow, low-amplitude movement associated with rigidity and postural 

instability as seen in parkinsonisin. Although the majority of hypzrkinetic 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 

wllich the patien: is aware of an innei sensation that somei?ov/ acts in triggering the 

abnormal movement. It is not possible then to qualify these ni;vements as totally 

involuntary (Table 1). Many movement disorders manifest a combination of hyper- 

and hypokinetic features as a result of the dysfurrction of interactions within basal 

ganglion structures and between basal ganglia and otter central i~ervous system areas. 

Movement disorders also include a variety of other neurological disturbances 

featuring abnormalities of muscle tone and posture. Certain movement disorders may 

s h m  a distinctive combination of disturbances of tone, posture, and movemmt. Such 
? 

is the case in Parkinson's disease, which combines rigidity (increase in muscle tone), 



tremor (hyperkinetic movement), and bradykinesia (hypokinetic movement) with a 

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

Table 1 : Categories of Different Types of Abnormal Movements 

Hyperkinetic Abnormal Movements: 

- Chorea 

- Ballism 

- Tremor I 
- Tics 

- Dystonia 

i d  - Others (stereotypies, akathisia, restless legs, moving toeslfingers) 

Hypokinetic Abnormal Movements: 

1 - Bradykinesia (seen in parkinsonism including Parkinson's disease and other 4 
parkinsonian s;ndr~mes 

Diagnosis of Movement Disorders: 

Diagnosis of movement disorders relies heavily on clinical identification of 

the phenom.:~dc,m,r of each type of abnormal movements present in a patient 

followed by recognition of associated featules. A particular combination of signs is 

defined as 3 syndrome, irrespective of its etiology. in the case of movement disorders, 

theWkay be instances in which the pr=sznce of a single type of abnormal involuntary 
? 

movement constitutes the whole syndrome e.g. postural and action tremor in essential 

trehor. 01. the other hand, there are examples of movement disorders in which , 



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 sbgle 

type of abnormal movement is the predominant or frequently associated feature, in 

contrast to other movement disorders in which there may be more than one tqpe of 

movement disorder present. 

Table 2: Predominant or Frequently Associated Features in Different Movement 

Disorders 

Features 

Predominant: 

- Dystonia 

- Tremor 

- Myoclonus 

Associated Movement Disorders 

Idiopathic focal or generaliled 

Benign hereditary chorea 

Lupus chorea 

Essential tremor 

Essent!al zyoclonus 

Postanaxi myoclonus . 

mg-induced myoclonus 

Gilles cie lat Tourette's syndrome 



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 different ~bnormal movements, tut alsc taking into consideratior1 df age 

of onset of symptoms, the tmporal 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, 

laboratcry and irnsgiqg ~tu4ies. Etiologies of movement disorders rapge f r ~ m  

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

Frequently associated : 

- Dystonia 

- Chorea 

- Tremor 

- Myoclonus 

- Tics 

tradmatic, psychogenic and etc. 

Wilson's disease 

Huntington's disease 

Parkinson's disease 

Wilson's disease 

Multiple system atrophy 

Neuroacanthocytosis 

Neurodegenerative Movement Disorders: 

Some movement disorders such as Parkinson's disease (PD) arc caused by 

progressive neurodegenerative process, in which genetic and environmental factors 

con%bute 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 



years of either sex is approximately 100 per 100.000 populations4. 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 neuroimagings can aid in the 

differential diagnosis in doubtful cases with good specificity and sensitivity5, 

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 postmortem analysis or pathologic findings. Pathologically proven 

PD requires the presence of neuronal loss in the substantia nigra and cytoplasmic 

inclusior.~ called Lewj bodies. Even after applying clinical criteria, there wlll remain 

a number of cases in which the diagnosis is proved wtong at autopsy by up to 10 

percentb. The recent discovery of genetic foci, such as a-synuclein gene mytation in 

the small percentage of PD caused by monogenetic mutation7, has e n h a n d  our 

understanding of the pathogeilesis 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 remains unclear. 

Other neurodegenerative movement disorders include progressive 

supranuclear palsy (PSP), multiple system atrophy ~,ivlSA), corticobasal ganglionic 

dege~~eration (CBGD), dementia with Lewv body (DLB) and Huntington's disease 

(HD). These entities manifest with combinations of abnormal movements in 

association with other neurologicsl distkrbances. As in PD. confirmation of diagnosis 

reques  pathological examination at autopsy, in which 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 Protein Aggregation. 

1.7.1 Basal Ganglia Anatomy and Pathophysiology 

Specific Protein 

A-Beta 

Prion Protein, PrPc 

Supcroxide Dismutase 1, 

SOD1 

Alpha-Synuclein 

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 hnctionally or anatomically as a result of 

diffqnt mechanisms in various movement disorders8. 

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 

Diseases 

Alzheimer's 

Disease 

Creztfeldt-Jacob 

Disease 

Familial 

A myotrophic 

lateral sclerosis 

Parkinson's 

Disease F 

Metals 

Cu, Fe, Zn 

Cu 

Cu 

Crr, Fe 

Tissue 

Neocortex 

Neocortex 

Motor Nzurons 

Basal Ganglia 



channels: the direct pathway and the indirect pathway. The direct pathway leads form 

the putamen to the intemal 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 fiom there to the intemal segment of the globus pallidus. 

Each of these two striatopallidal pathways has gamma-aminobutyric acid (GABA) as 

the primary neurotransmitter. Doparnine @A), 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 decreasz of GABA results in disinhibition of activity in the internal 

segment of the globus pallidus in the direct pathway, which, in turn, inhibits output 

from the thalamus 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 Y 

stinqlates neurons in the internal segment of the globcs pallidus, which further 

reduces outpr;: from the thalamus to the cortex. With thalamic activity.suppressed by 

the resulting effects of D-4 denervation in both direct and indirect pathways, the 

uverall thalamic output to the cortex is severely reduced, leauing to the varied motor 

respogses that are symptomatic of parkinsonism, mainly bradykinesia and rigidity. 

Chorea, on the other hand, is the result of loss of striatal GARAergic neurons 

projecting to the globus pallidus. Yewons primaril;r alTected in chorea are 

GAmergic neurons that gi-ie rise to the indirect pathway. Reduced inhibition of the 
3. 

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 

thalamocortical pathway with increased excitatory output to the motor cortex, leading 

to hyperkinetic choreiform movements (Figure 1). 

A thorough understanding of the anatomy, pkysiology, biochemistry and 

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

techniques in the finctional surgery of movement disorders. 

Figure 1 : Basal Ganglia circuits8 
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2.1 Overview of Ceruloplasmin 

The Discovery of Ceruloplasmin: 
$4- 

Cp is a protein of the a*-globulin fraction of human blood serum. It contains 

95% of serum copper. Cp was first described by ~ o l m b e r ~ ~  in 1944 and was 

characterized by Hoimberg and ~ a u r e l l ' ~  four years later. In 1952, the relation of Cp 



to heredodegenerative processes in humans was documented by Scheinberg and 

~itlin",  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 enzymatic activity which drops as the protein is 

synthesized in liver predominantly in the apo form. Both the presence of copper-free 

Cp m 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 obtainedt2' 

13. The protein was detected in the brain and later the details of its synthesis in glial 

cells were d i ~ o v e r e d ' ~ - ' ~ .  It is passible that the functions of Cp in the brain exist 

beyond what have been d~scovered thus far. Based on our present knowledge, this 

protein plays an impoi-tant role in tt,e metabolism and development of nervous tissue. 

This assumption is made plausible if we consider that the deficiency of Cp, its 

impaired function, or the failure of copper metabclism as a whole is typical of several 

ot5er necrdegenerative disease other tha;: Wils~n's diszace, e.g. A!zhpimer7s 

disease, Parkinson's disease, aceruloplasrninemia &;id Huntington's disea~e''-'~. Since 

one of the main functions of Cp is the regulation of iron homeostasis, impaired 

function of Cp can cause toxic iron ac~umulation 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 3q23q242t. 

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, holo-Cp, is 



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 a~chored by 

glycosylphosphatidylinositol (GPI), which is caused by alternative 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   avid^^ demonstrated that GPI-Cp and iron exporter protein 

IREG 1 act together to provide iroq efflux from as!mytes. Both protein: 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 cerulcplasmil~ has k11 mapped 02 c5romos~me 

3q23q24 



Struchrre 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 c ~ ~ ~ .  Since 

every type of copper has its unique ligand binding, their redox potentials vary 

consideratly. It is because of the particular combination of copper ions with different 

properties that Cp can accomplish its oxidase reaction with four electrons transferred 

fiom substrate to oxygen within one cycle. The spatial structure of human Cp contains 

the threecopper molecules in the center, which is called "trinuclear cluster" formed 

by the closely co-located type I11 copper and type I1 coppe?. This cluster plays a 

crucia: role in the oxidase reactioil as tw3 slectrons at a time are loaded here to 4 

producing !4 H20, instead of the toxic free radical. Ha. 

Ceruloplasmin (Cp) is a copper transport protein and a major plasms anti- 

oxidant. I: is synthesized in several tissues including liver and brain2'. A specific form 

of Cp, glycosylphosphatidylinositol (GPI), is expressed on astrocytes in the central ? 

nerrouq systec~ (CNS) as well as in thz retine al?d the eyitheli~l cells of the choroids 

plesus'5. The detailed studies by Frieden's group proved the ability of Cp to oxidize 

the toxic ~ e * +  to the noii-toxic $e3+26. Thereforz, Cl; is often termed "femxidase". 

Thus, Cp plays a major role in iron homeostasis in the CNS by preventing oxidative 

damage to the neuronsI6. 

Cp is also an acute phase reactant, its concentration increases is inflammation, 

trauma, etc, which is mostly attributed to its properties 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-today clinical practice. Impairment of copper incorporation results in 



secretion of an unstable moiety, apsccruloplasmin, which is rapidly degraded in the 

plasma and lacks ferroxidase activity. Therefore, abnormal Cp synthesis or its 

dyshnction can lead to impairment of iron metabolism, subsequent Fe2+ iron 

overload (Fe2+), production of free radicals and ultimately neuronal deathI6. The 

dysfbnction 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 disease1* 

*'. it is still uncertain whether the role of Cp in the cascade of neuronal death is 

primary or secondary. . . .  

Figure 3: Three-Dimensional Configuration of Ceruloplasmin Molecule 



Figure 4: Diagram to Illustrate Dyshnction of Copper Homeostasis in Both Wilson's 

and Menkes' Diseases 

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

Wilson's Disease 

Autosomal Recessive 

< 20 

19-64 

100-1 000 

>250 

Tests 

Inheritance 

Copper Distribution: 

Cp (20-30mgldl) 

Serum Copper (70-1 52pg/dl) 

Urine copper (<40 @dl) 

~ ive r%o~~er  (20-50 pg/g dry wt) 

Menkes' Disease 

X-linked 

< 20 

< ?!! 

< 40 

< 50 



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 duodenum2*. 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 Fez+ to Fe3+ to ensure incorporation 

of Few into ape-transfemn2%. It is likely that hephaestin cooperates with other 

proteins involved in iron transport, such as IREG 12? The oxidation of ~e '+  to ~ e ~ +  

provides iron uptake from blood circulation by cells of various organs3'. Its GPI- 

anchored isoform is found in astrocytes and Schwann cells of the central nervous 

system'5. It is suggested that GPI-Cp in astray?e$ loads clpo-transferin with ferric 

iron". Loading iror to transferring is preceded by its oxidation by Cp and the entire 

brocess reduces the concentration of the neurotoxic Fe2+ to a minimum level. This 

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

iare genetic disorder, aceruloplasminemia, which is caused by a mutation ~ntailing 

premature teimiilation of Cp-mRYA translation (Figure 5). 



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

Metabolism and the Neurodegenerative Cascade 

Non-Transferrin Bound Iron (NTBI) t 
Toxic ~ e ~ '  7 

Oxidative Stress 
* 

2.2 The Likely Role of Ceruloplasmin Underlying Neurodegeneration 

The Centloplasmin-Reguluted Oxidization of Non-Iron Substrates in the Brain 

Blood plasma :ias a pH of aLvul 7.4, and it conta~nr a large amount of 

chlor:k. New data showed that chloride 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 crucic! substances 'besidtb iron molecules in both plasma and intrac~ll~ilar 



milieu3'. One of these substances is 6-hydroxydoparnine32. This catecholamine is an 

intermediate produce on the way to the formation of dopamine-melanin. Spontaneous 

oxidation of 6hydroxydopamine results in H2@ 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 neurodegenmtive 

syndromesu. 

Altered Copper Metabolism and Ceruloplasmin . . 

Copper is absorbed from tke sniall intestine and is transpofied to the liver 

where it is normally s'toreci. A specific transporter of copper ions to hepatocytes, 

35,36 human copper-transporting protein, hCtrl , has been identified . Together with 

other so-c~lled "copper chaperones", they transport copper molecules within the cells 

in the liver. In the cell, copper ions can follow one of the four pathways37~38. They can, 

be: 

(a) stored bound by copper-thionein 

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

(c) delivered to mitochondria, or 

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

The P-type ATP-ase enzyme is located in the trans-Golgi network and 

fhctions to provide copper incorporation into c ~ ~ ~ .  However, the synthesis of Cp 

does qot depend on the availability of copper. Under conditions of copper deficiency 
% 

or in the 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. 



Wilson S Disease 

Wilson's disease (WD) is the prototypic example of copper-fiee 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 c ~ ~ ~ .  As a result, copper molecules reside in 

hepatocytes, redox cycling between cut+ and cu2+ catalyses the production of 

hydroxyl radicals that damage DNA, proteins, lipids, etc, intoxicating the cells and 

ultimatsly, provoking cirrhosis4'. Simultaneously copper is accumulated in selected 

brain stnrctures, such as nucleus lenticularis, substantia nigra, globus pallidum, corpus 

41.42 striatum (Figure 6), and in the cornea where its deposits form typical Kayser- 

Fleischer rings43 (Figure 7). Accumulation of copper in brain structures, which can be 

rtC resonance identified by hyperi~lte~sity sigr,als on T2 weighted images in magne*' 

imaging (MRI), is belicved to cause the symptoms of nevro!ogical degeneration. 

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

Disease. The Appearance Mimics the "Face of a Giailt Panda" .? 



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 categorize4*. Most typically, these involve action tremor or dystonia 

(especially affecting cranial m~sculature). Sometimes, typical parkinsonian features 

are initial preserltations. Cerebellar outflow tremor, ataxic speech, and other signs - 
characteristics of whik matter disease can also develop The trqmor in WD can be 

symmetrical or unilateral, and sometimes is paroxysmal. A characteristic form is a 

coarse, irregular proximal tremulousness 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 tremor. It can coexist with generalized ataxiam. 

Commonly, motor impairment in WD also involves the cranial region. 

Clinical mar,;festations include problems such as dysarthria, drooling, cranial and 

orophpryngeal dystoniaa. Wilson described a characteristic facial grimacing with jaw 
% 

opening and lip re t ra~t ion~~.  Blepharospasm, tongue dyskinesia, progressive speech 

disturbance and drooling frequently occur as WD progresses45. 



WD can also present with a wide spectrum of behavioral or psychiatric 

disorders4'. 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. Patients 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 hypersexualifl. In rare instances, WD can manifest as 

either f m l  or generaiized seizl~ses. 

Characteristic ophthalmic involvement in WD produces Kayser-Fleischer 

tings, comqosed of copper - containing granules within Descemet's membrane of the 

cornea43. KF rings are usually bilateral and arise around the corneal periphery, 

especially at its upper pole. Virtually all WD with neurological involvement shows 

KF ring. Genera!ly identified without magnification, KF rings reqcire a carefbl slit 

lamp examination for defiiitive diagnosis (and many ophthalmologists are unfamiliar 

with this finding). Also typical of copper deposition is a "sunflower" cataract. WD 

can show dislurbances of smooth pursuit, convergence, and fixation as we~i as eyelid 

opening apraxia. 

WD is an autosomal recessive disorder, localized on chromosome 13q 1 4 . 3 ~ ~ .  

The gene, ATP7B, encodes a copper-transporting P-type AIT-ase. Mutation within 

the A , ~ P ~ B  gene in WD leads to ineffecti vre 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 



been identified7. 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 miltations. In general, there is no definite 

association between ATP 7B gellotype md WD presentation or its subsequent clinical 

course48. 

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 

nd rd symptom: generally devclop in the 2 -3 decades of life, earlier and l~ter  'ND 

manifestations have also k e n  reported5. Familial WD helps guide diagnostics with 

known affected siblings. Clinicians should be aware that initial disease manifestations 

(hepatic or neuropsychiatric) often vaiy !greatly in fami lies4'. 

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 charac:eristically is -30% reduced, clthough it can be normal 

in WD (especially with WD hepatitis14'. Total seruin copper   on cent ration in WD is 

low, although h e  copper is elevated. 24-Hour urinary copper excretion is > 100 pg, 

(normal values: 4 0  pg)40. 

With equivocal laboratory findings and especially in the context of hepatic 

involvement, liver biopsy is needed for histological study and for measurements of 

tissue copper content. In WD, hepatic copper is >250 pg/g dry tissue4'. Borderline 
&f 

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 



demonstrate mild abnormalities. Fwther investigation can utilize the uptake and 

distribution of radiolabelled 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 patients50. 

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 i~conelu~iv t  coppcr metabolism dnd DNA studies. In mi:d 

WD, CT b i n  scans can be normal, though more severe cases have bilateral 

hypodensities in basal ganglia and cther deep structures. Unlike 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, thalcmcs, nid5rain, pow, and cerebellum). In these structure:, TI -weighted 

images may show hypointensities4'. 

LkJciency of Ceruloplasmin in Iron Metabolism anu' its Association with 

Neurodegenerative Movement Disorders 

Recently, a Cp genedeficient mouse model was developedI6. Increased iron 

deposition in the cerebellum and brainstem was found in the brains of these adult 

mi* Motor incoordination was observed in association with a loss of brainstex 
3 

dopaminergic neurons. These results indicate the important roles of Cp in protecting 

the brain from iron-mediated free radical injury. 



The group of  neurodegenerative movement disorders associated with 

increased brain iron content can be divided into two groups5': 

( 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 acemloplasminemia, hereditary 

ferritinopathies affecting the basal ganglia, and pantothenate kinase a m i a t e d  

nzurodegeneration type 2. 

All these disorders have two features in common: brain iron accumulation 

predominating in the basal ganglia and abnormal movements as predominant 

r.eurologica1 disturbance. Althougt, it is still unclear whether iro:i accumulatior. is a 

primary cause or secondary event in the first group, there is no doubt that iron- 

induced oxidative stress contributes to neurwegeneration. In comparison with 

monogenetically determined causes of brain iron accumulation, iron overload in the 

PG and atypical parkinsonian syndromes is smalls2. The use of metal chclators has - 
been applied with moderate success with the second group. But the e&ct 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 meia'mlism. 



Association of A b n o d  Imn d Copper Homeostasis with Monogenic Hereditary 

Movement Diso~ders 

Aceruloplasminemia: 

In aceruloplasminemia, mutation in the Cp gene results in early termination of 

tran~lation~~. 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 ~ i t l i n ~ ,  it is reported that there are at least six missense 

mutations in Cp gene, six fiame-shifts, three splice site and two nonsense mutations 

that cause acemloplasminemia. 

The deficiency in Cp causes ,narked hsmosiderosis in many ~f these patierits. 

Serum levels of iron are mostly low, but only mild memia is detected". 

Neurological symptoms usually occur when the patients are in their 40's, 

which can bc explained by substantial accumulation of iron in the basal ganglia and 

retina The deleterious gffect of iron is likely to be strengthened by the preser~ce of its- 

ferraus form in tk2 stmm where it is reac!ily 3bsgrbed by the tjssves. Iron deposition 

in acemloplasminema is more pronounced in astrocytes than in neurons. Along with 

neurodegenerative features and symptoms of retinal degeneration, this condition is 

ma~ifested by insulindependent diabetes mellitus which is also caused by iron 

deposition in the Beta-cells oFthe Langerhans islets. Neuronal cell death in 

aceruloplasminemia is a consequence of free-radical stress. A biochemicsl mechanism 

that IS likely to contribute to the cell death is increased lipid peroxidation provoked by 

f e w s  iron that is not oxidized by invalid Cp. High levels of lipid peroxidation in 
q 

aceruloplasminemia have been evidenced in various organs, including the brain. Since 

lager amounts of irons are deposited in astrocytes than in neurons, fiee radicals 



would appear to damage mostly the glial cel~s~". 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 aceruloplasminem ia is shown by decreased T 1 

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 micmytic anemia. Elevated total iron binding capacity VIBC) in 

aceruloplasminemia can distinguish it fiom other conditions with systemic iron 

overload suct as hemockromatosis. 

'Hereditary Ferntinopathy: 

The first hereditary fmitinopathy is named neuroferritinopathy, as this rare 

autosomal dominafit disorder is characterized by the lack of clinical signs of systemio 

iron ~ v e r l o i i d ~ ~ .  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, 

dystonia, and spasticit?, with MRI showing cavitations of the bwa! ganglia and iron 

accumulatior~. 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 hnctions fion the third decade on5'. 

Dyfinction of the liver is reportici. The more systemic character of ;his disorder is 
? 

confirmed by typical intranuclear and intracytoplasmic inclusion bodies, not only 

- f h n d  in the gray and white matter of the brain, but also in skin, kidney, liver, and 



muscle upon biopd7.  By linkage analyses, these disorders were mapped to 19q13.3, 

which contains the L-femtin gene. Until now, three different mutations have been 

found to be causative for iron accumulation in hereditary ferritinopathiies. Lferritin is 

one of the two isoforms of the main iron storage protein within the brain. The 

distribution of L-fenitin and H-fmitin varies between tissues, with the brain 

containing larger amounts of H-ferritin. Despite considerable h~mology, the two 

isoforms differ in function. The H-submit 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 femtin core, and therefore, 

in the long-term storage of iron. It is proposed that mutations found in patients with 

hereditwy femtinopathy disrupt the C-terminus of the Lchain, affecting its stability 

and fiinction. Alternatively the C-terminus of the mutated L-chain may interfere with 

the formation of ho!ofemtin, leading to an inadeql~ate release of iron h m  ferritin or 

that mutated holofemtin has an impaired cspacity to take up iron, leaving uilbound 

iron with its capacity to induce the formation ofroxia free radicals in the ~ ~ t o s o P ~ * ~ '  - 

Neurodegeneration with Brain Iron Accumulation Type I :  

Neurodegeneration with brain iron accumulation (NBIA, formerly 

Hallervorden-Spatz syndrome) encompasses a group of rare autosomal recessively 

transmitted neurodegenerative disorders, characterized by radiographic evidence cf 

excessive brain iron accumulation predominating in the basal ganglia and by 

progressive extrapyramidal symptom$8 (Figure 8). Accoiding to the age of onset, 

earlyenset 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 



involvement, progressive dementia, epileptic seizures, retinitis pigmentosa andlor 

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 abnormal cytosomes in circulating 

lymphocytes andlor 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 neurites. 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 ( P A N K ~ ) ~ ~  in 

several patients with classic and atypical h'BIA has led to the classification of one 

major subgroup in this heterogenous group of disorders, including pantothsnate 

kinase-~ssociateci n~urodepeneration or NBIA type 1. Pantothenate kinases are 

essential for coenzyme A biosynthesis, which is crucial for intermediary and fatty 

acid metabolism. The role of PANK2 in iron metabolism is still under debate. 
1L 

Accumulation of cysteine, a metabolite of PANK2, is proposed which undergoes 

rapid auto-oxidation in Ye presence of iron, resulting in free-radical production and 

induction of lipid peroxidation59. It seems that although PANK2 is not directly 

involved i:: iron metabolism, its loss of function may contribute to iroti iiccumulation 

and he-radical-mediated neuronal death. 



Figure 8: Brain MRI Showing Iron Deposition, Mimicking "Eyes of tht Tiger", in a 

Patient with Pantothenate Kinase Associated Neurodegeneration (PKAN) 

a 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 iive 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 'hen isolated and 

designated as MNK. The MNK gene codes for a P-type cation transporting ATPase, 

%. 
based oh homology to known P-type ATPases and in vitro experimentation. The 

Menkes' protein functions to export excess intracellular copper and activates upon 

copper I bi~;d;~ig to the six metal-binding repeats ir, the amino-terminal domain. The 



loss of Menkes protein activity blocks the export of  dietzry copper from the 

gastrointestinal tract and causes the copper deficiency associated with Menkes' 

disease. . 

Association of Abnormal Iron and Copper Homeostasis with Sporadic Movement 

Disorders 

Evidence ofAbnormal Cp mutation and Iron Accumulation in Park~nson S Disease: 

PD is characterized mainly by the loss of pigmented dopaminergic neurons in 

the substantia nigra pars compacta with subsequent striatal dopamine deficiency 

( F ~ ~ J P ,  9). Oxidative stress leading t c ~  an iccreased production a f  reactive 3xyger. 

~pecies is thought to be a major component in the pathogenesis of PD. This is 

supported by evidence of increased lev:ls of lipid peroxidation markera, depletion of 

reduced glutathione and impaired mitochondria1 complex I activity. Excessive 

intraneuronal iron accl~mulation has been found in the substantia nigra of patients 

with PD snd it csn Ix detected clinically by transcranial u ~ t r a s o u n d ~ ' ~ ~ *  (Figure 10). 

Regional iron increase in PD suggests a probable associated abnorrr-lity in the 

regulation a f  ircn metabolism. It is still a matter of debate whether iron a c c ~ ~ u l a t i o n  

is a primary event initiating or promoting the cascade ~f neurodegeneration or rather a 

consequence of the degenerative process. First findings in i~cidental Lzwy 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 

I I).J$owever, recent finding in a small number of substantia nigra in autapsy of  
\ 

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

studies are necessary to solve this question. 



Evidence suggesting that iron may play a primary role in the 

neurodegenerative process come from the followings2: 

(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 alorc still 

cannot account for the majority of PD cases. Additional faders 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 intrastriatal6-hydroxydopamine (6- 

OHDA) infusion, which has selective cytotoxicity targeting the basal ganglia, showed 

that animal models are resistant to 6-OHDA toxicity in thc presence of iron 

deficiency. The animal study also showed that 6-OHDA-induced neurodegeneration 

may be prevented by iron chelator. Such finding suggests that increased iron content 

may indeed play a key role in this model of PD. Similarly in unilaterally I-methyl-4- 

phenyl-l,2,3,6-tetrahydropyridine (MPTP)-injected monkeys with contralateral * 

hemiparkinsanism. dietary iron restriction and iron chelators were shown to attenupte 

MPTP toxicity. This further indicates that iron does play an important role in these 

ariimal 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 neuropathology. In the IFW2 knockout mouse 

brain, iron accumulation is accompanied by feat~lres such as bradykinesia and tremor. 

The heterozygous H-feiritin kiiockovt mouse was found to have a decreased 

ferritwiron ratio accompanied by sever?] indices of oxidative stress similar to what is 
< 

found in PD. 



(3) The discovery that mutations in and multiplications of the a-synuclein 

gene account for monogenetically caused PD and that a-synuclein is a prominent 

component of Lewy bodies, aggregation of this protein has become wide!y accepted 

to be involved in the pathogenesis of PD. Meanwhile, several studies have suggested 

that iron interacts with a-synuclein, enhancing the conversi~n of unfolded or a-helical 

conformation of a-synuclein to &pleated sheet conformation, the primary f m  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 ofiron to the 

neurode~enerative prccess in PD, it kg5 to be takcn into srccount that PD is not a 

disorder of the substantia nigra alone, but rather an ascending neurodegenerative 

disease, involving different bmin &uctures. Therefore, it remains to be determined, 

whether disturbances of iron metabolism also play a role in other brain areas affected 

in PD. 
? 

Recent studiw have shown that neurgdegenerative disorders are associated 

with brain iron accumulation and mutations in gencs encoding proteins of iron 

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 

cf f~nction mutations in the Cp gene in heredibry aceruloplasminemia and by C p  

deficient mice displaying brain iron accumulation. In such mice models, iron-induced 

oxidative injury was evidenced by increased lipid peroxidation and by mitochondria1 

dysfunction of the basal ganglia63. Parkinsonism was also reported to be present in 
$\ 

some zhes of aceruloplasminemia. Furthermore, immunohistochemical studies have 

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



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 all reported three 

missense-mutations and observed an association of 163T with PD, the R793H 

substitution in association wih 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 fbrther 

studied2. It was observed that, In vivo, the 163T mutation zsulted in half the normal 

Cp concentration and markedly reduced fermxidase activity in serum from a 

heteroallelic PD patient. Furthermore, the D544E polymorphism resulted in 

sigri;fizantly reduced ;emti1 Cp levels and ferraxidase activity in hetemllelic patients 

and in expression of mainly apo-Cp in cell culture. Thus, this ekidence support the 

,hypothesis that D544E polymorphism may preser~t as a geaetically predisposed 

vulnerability factor for oxidative stress in the substantia nigra of PD patients, which 

directly links this mutation to substantip nigra iron accumulation in some PD patients 
* 

and even ir; 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 rnight 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 (SOD1) is another important copper enzyme which dismutates the 

superoxide anion radical to the less toxic hydrogen peroxide and oxygen. It is found 
$\ 
1 

intracellularly in most tissues and is one of the major antioxidant in the CNS together 

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



SODl 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. SOD1 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 SODl 

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 a16* again reported that the oxidative activity and specific oxidative 

activity were on averagc significantly lower in the patient grzzp comparcd to the 

control group. However, the follow-up study did not observe reduction of Cp 

oxidative activity in association with dur;tio~~ 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 sge. Musci et a166 also showed that Cp in 
1 

serum undergoes conformational changes with age but retains its cvidative activity in 

healthy individuals. 



Figure 9: SPECT DOPASCAN Beta-CIT Measures Dopamine Transporter. 

Asymmetrical Loss of Presynaptic Dopaminergic Neurons are Observed in Patient 

with Parkinson's Disease 

Normal PD 

Figure 10: Hyperechogenicity of the Subst~ntia Nigra in Patient with Parkinson's 

Disease and Nomial Control 

PD Nolmal 



Figure 1 1: Positive Immunohistochemistry Staining for Ceruloplasmin in Lewy 

Bodies 

. . 

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

Parkinson's Disease 

Iron in other Sporadic Neumdegenerative Movement Disorders 

Dementia with Lewy Bodies (DLB): 

There are on!y few reports on changes of iron levels in DLB, which is 

*% 
clinicdlly characterized by the core features of fluctuating cognition with pronounced 

variation in attention and alertness, recurrent visual hallucinations, and spontaneous 

motor features of parkinsonism52. However, DLB shares many features of with "D 



with respect to Lewy pathology, consisting of Lewy bodies and Lewy neuritis. 

Investigation of parameters of oxidative stress in patients with DLB revealed tht 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 ifin content have been found. 

Multiple System Atrophy? (USA-P) 

In MSA-P, parkinsonism that may start asymmetr'cally in the majority of 

cases and includes in addition to rigidity and bradykinesia frequently postural and less 

often resting tremor is poorly responsive to levodopa. The characteristic 

dysx:onumia consists priinarily of urogenital 2nd orthostatic dyshnctian6'. 

Neuropathologically prominent features are neuronal loss in the putamen, substantia 

nigra and usually also in the olivopontocerebella~ system, as well as in several cell 

systems responsible for autonomic function, such as dorsal motor vagus nucleus 

neurons of tbe ventrolateral medulla and posterior hypothalamus nucleus. The 
? 

neurodegezeration in accompanied by a prominent involvement of glial cells that 

show the typical glial cytoplasmic inclusi~ns with abnormal insoluble form of 

oxidatedlnitrated 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) 

studies68. 



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 s1ov;ing oflrertical 

saccades and prominent postural instability with falls in the first ysar in addition to 

bradykincsia, mostly symmetric rigidity, and frequently frontal behavioral 

abnormalities or dementia, is associated with atrophy primarily involvinz the 

midbrain and the cortex. Neuropathologically, neuronal loss, atrophy, gliosis, arid 

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 to a lesser extent and later in the 

disease than in MSA-P in the putamen68. In vivo, brain tau accumulation in PSP has 

been shovm to co:ocalize with ferritin68. Similarly to a-synuclein, iron has been 

showqto interact wi!:: tau protein inducing tau polymers and modulating the 
i 

formation of tau aggregates. 



Despite the elevated iron levels, substantia nigra echopicity is fiu 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 secm 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 or̂  the increased iron levels. 

Therefore, differences in molecular structure due to alterations in binding properties 

or iron sequestered by other molecules seem to be responsible for the changes in 

echomorphology as observed in idiophthic PD. 

Corticobmal Ganglionic Degeneration (CBGD) 

Similarly, CBGD ; j  asociated with markedly increased substmtia nigra 

echogenicity. CBGD is clinically characterized by cortical dysfunction reflected by at 

least one symptom, such as focal or asymmetrical ideomotor apraxia a~rdlor 

myoclonus, alien limb phenomena, constructional or speech apraxia, cortical sensary 

loss, or nonfluent aphasia. Symptoms of extrapyramidal dysfiinction must include 
t 

focal or asymmetric appendiculc; rigidity lacking sustained L-Dopa vsponse or focal 

or asymmetrical dystonia. Variable degrees of cognitive dysfunction 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 

patients with typical CBGD, whereas widespread iron deposition throughout the 
*\ 

central nervous systems has been detected in a patient with atypical C B G D ~ ~ .  Since. 

transcranial ultrasound study suggests similar changes as seen in idiopathic PD, it 



remains to be seen whether the substantia nigra iron binding profik resembles the one 

found in idiopathic PD. 

For all these atypical parkinsonian syndromes, the source of iron accumulation 

is still unclear. For acc;lmulation of iron in the substantia nigra, it has been suggested 

that dyshnction of striatonigraYs~atopallidal GABA neurons may result in the 

disruption of m a  reticularis iron homeostasis.. 

Huntington 's Disease (710) 

In HD, brain iron and ferritin accumulation has been detected in the putarnen, 

caud3te nucl=us, and globus pallidus by MRI and postmortem (Figure 

14). These higher iron levels have been found already early in the disease process and, 

therefore, have been regarded as putative risk factors. It seems that especially those 

iron-rich areas that rxeive major excitatory input fiom 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. coccentrations are less severely affected. This constellation may argue 

in favor of an enhancing adverse effect of iron and excitatory tran~mission~~. The 

question of the origin of the increased iron levels is HD is still controversial. A C.4G 

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 protein7'. Moreover, low serum ferritin 

% levels and slightly elevated Cp l e v e ~ s ' ~  in the brain indicate a more generalized 



dysregulation of iron metabolism. Further studies are needed to determine the exact 

interactions and role of iron in the pathogenesis o f  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 o f  Cp, regulation o f  iron and copper 

homeostasis are closely linked in neurodegenerative disorders, in which many 

conditions manifest with features o f  abnormal movements. The frequent association 

with basal ganglion circuit abnormalities in these conditions suggests possible 

increased vulnerability o f  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 

dysfunct 9 on in these movement disorders. It might be of interest to study other non- 

, neurodegenerative movement disorders to ascertain whether the involvement of Cp is 



specific to the nearodegenerative process. Since non-nearodegenerative movement 

disorders will also be included in this study, selective disease entities are reviewed in 

the following. 

The Role of Imn in Restless Legs Syndi.ome 

The impressive relief fiom 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 R L S ~ ~ :  

(1) CNS dopaminergic abnormality, and . . 

(2) CNS i z n  insuficicncy 

Brain iron insuficiency is supported by independently replicated cerebrospinal fluid 

and brain imagng studies for patients without iron deficiency anemia. Two MRI 

studies have found significantly reduced iron content in the substantia nigra more 

m d e d  for those patients with RLS whose symptoms started before they were 45 
* 

years old73. In both studies, h4FU measurement of nigral iron coecentration 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 morning73. In these studies, 

in contrast to the CSF, the serum iron measures of ferritin and transferring did not 

differ significantly between RLS and controls. Circadian changes in CNS iron 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 ear 4, -onset of symptoms73. Remarkable response to intravenous iron treatri~ent in 

RLS patients also links brain iron insufficiency to RLS. The brain iron insufficiency 



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-femtin 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 

oligodendmytes, L-femtin is normally substantially higher in these cell types. In 

RLS brains, however, astrocytic cells that cormally have only mild L-femtin staining 

had the major proportion of L-fenitin compared to surrounding tissue73. The 

mechanism behind this redistribution of i m  to astmcytes rather than 

oligodendmsytes remains ucexp!ained. However, this might explain the failure of iron 

although present to be adequately available for the neuron. It also raises concerns 

,. about the interpretation of MRI findings regarding RLS brain iron status. A failure to 

find a charlge in iron in a brain region does n ~ t  exclude the possibility of abnormal 

iron redisposition and thus abnormal utilization. Thus, it is 2roposed that the 

combination of both dopamine abnormalities and iron insufficiency lead to the 

marifegation of KLS. Othe: factors may interact with the iron pathology to either 

enable or protect from RLS expression, brrt 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 ehtity; evidence of clinical and genetic heterogeneity and variable response to 

medications supports this view. ET may be pathologically heterogeneous as well. The 



pathology of ET, i.e. the structural manifestations of ET, is not well studied. A 

postmortem 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 ZT 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 youngel 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 degennhtive. However, 

the clinicit1 differences between ET with G; wiihout Lnwy bcdics require additional 

study. Whether a proportion of ET patients have limited form of Lewy body disease 

.-or undergoing neurodcge~ierative changes remain unclear. 

Previotis Studies on Serum Ceruloplasmin  level^ in Non- Wilsonian Movement 

Disorders: 

There has only been limited number of studies chat analyze serum Cp lzvels in 

patients with non-Wilsonian Movement Disorders. Walshe retrospectively studied the 

semlrn Cp levels in patients who were referred to a Wilson's disease clinic3. Forty 

patie~ts 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 
5% 

P 
Huntingti,,i's disease, subacute sclerosing panencephalitis (SSPE), Pantothenate 

kinase-associated neurodegeneration (PKAN) and aceruloplasminemia. These results 



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 the senim measurements af Cp, copper and iron 

parameters in patients with different movement disorders. 

23 Measurement 3f Se111m Ceroloplasmin 

Measurements of serum ceruloplasmin and copper are often requested in 

clinicai nmctice to investigste the potential for their excess or defiqiency 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 

parenchymal 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 can be a 
C 

challenge. Secondary copper excess is also possible, especially in people in the 

developing countries, through dietary source. Primary copper deficiency presenting in 

childhood is often caused by Menkes' disease, an inherited c!efect 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 
+k. 

essential becahse early recognition and prompt copper supplementation can prevent 

neurological deterioration. 



Most of the copper in the serum is transported bound to Cp; the rest is bound 

to albumin, transcuprein and wpper-amino acid complexes. Serum levels of Cp and 

copper may be influenced by various medical wnditions and gender, but laboratories 

often do not take these into account when reporting reference intervals. Furthermore, 

Cp has 6-8 copper atoms per molecule, 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 axtiin 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. l 3 e  decr=sed 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 levzls 

during all inflammatory diseases. 1;) 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 interpreting copper leve!s. Some patients with WD have 

serum levels of copper an Cp within their respective reference ranpe. 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 concentration of copper for that of Cp: 

[adjusted copper](prnolA) = [total copper] (pmolll) -0.052 x[Cp](mg/l) + I  7.5(pmolA) 

Adjusted copper for Cp is in many ways different from adjusted calcium for 

% 
albumin.vnlike unbound calcium, which is under hormonal control, it is still unclear 

what controls the unbound copper level. Furthermore, whereas roughly half the serum 



calcium is bound to albumin, most of the serum wpper is bound to Cp. Therefore, the 

copper level adjusted for Cp is a way of making wpper 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 ofthe reference 

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 turbitiimetry, nephelometry and radial immunodifhsion. Immunological methods 

used for Cp might cross react with apo-Cp, leading to misinterpretation of the results. 

In this study, immunoturbidimetric assay is used. Cp from serum sample forms a 

precipitate with a specific antiserun; which is deteimined turbidimetrically at 340qm. 

For serum sample collection and preparation, only clotted blood collection tubes 

, should be used. Serum sample should be analyzed promptly on the same day af 

specimen collection. Once in the labontory, the serum samples are automatically 

prediluted 1:21 with NaCI solution by the instrumen?. Stability ofthe diluted sample - 
lasts for 3 days at 2-8OC or 4 weeks at -15 to -25OC. Samples with precipitate should 

be centrifuge before performing the assay. Assay is performed with the reagent by 

COBAS INTEGRA~ ~ o c h e @  in an analyzer, which automatically cdkulates the 

analyte concentration of each sample. 

Limitations - Interference 

Criterion: Recovery within * I  0% of initial value. 

Icterus 

Hemolysis 

Lipemia 

- No significant interference. 

- No significant interference. 

- No significant interference up to an L index of 50. No 



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

co~~junction with the patient's medic31 history, clinisa! examination and clther 

findings. 

Rheumatoid factors 

Other 

Measuring range: 
- - 

significant interference up to 2500 mg/dL triglycerides. There 

is poor correlation between the L index and triglycerides 

concentration. 

- No significant interference up to a rheumatoid factors level 

of 400 IU/mL. 

- In very rare cases gammopathy, in particular type IgM 

(Waldenstrom's macroglobulinemia), may cause unreliable 

results 

Expected Values: 
*f 

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

Standard measuring range 

Extended measuring range 

Lower detection limit 

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

8.00 - 140 mg/dL 

4.00 - 42C mg/dL (calculated) 

3.00mg/dL 

The detection limit represents the lowest measurable 

analyte revel that can be distinguished fiom zero. It is 

calculated as She value lying three standard deviations 

above that of a zero sample 



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

reference ranges. 

SpeciJic Pe flormance Data: 

Reproducibility oCthis assay was determined using human samples and 

controls in an internal protocol (within-run n = 20, total n = 20) by ~oche'. The 

following results were obtained: 

Level 2 

0.35 g/L 

(34.7 mg/dL) 

2.4% 

2.7% 

Mean 

C'.' ;.:itilin-run 

CV total 

Level 1 

0.20 g/L 

. .. 
(20.4 mgIdL) . 

3.6% 

3 -9% 
I- 



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: 

c. What is the serum ceruloplasmin level in patients with non-Wilsonjan 

movement disorders? 
? 

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

W ilsonian movement disorders when compared with heahhj. centrals? 



3.1 Research Methodology 

Study 

Design 

This is a casecontrol analytical study. We obtained serum samples 

from patients who attended the Chulalongkorn Comprehensive 

Movement Disorders Center at King Chulalongkorn Memorial 

Hospital fiom I " October 2007 to 3 1 " March 2008. Patients were 

required to have pxdomirlant symptoms of abnormal movements and 

I I had obtained a definite clinical diagnosis of movement disorders. We I 
collected control samples from healthy blood donors who attended the 

Thai ,904 C~OSS Blood Baqk on lS' November 2097 and 8' November I 
I 

2007.' 

Ail serum samples were sent for laboratory tests including sxum 

levels of Cp, iron, copper, :erritin$ total iron binding capacity and 

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

Case 

Population 

a\ 1 Control I Healthy blood donors who attended the Thai Red Cross Blood Eank 

Hospital-based population which comprised of Thai adult patients 

with non-Wilsonian movement disorders 

Sample 

Population 

on Is November 2007 and 8& November 2007. (see appendix F for 

Hospital-based adult patients with definite diagnosis of movement 

disorders who attended the King Chulalongkorn Memorial Hospital 

from 1" October 2007 to 3 la  March 2008. 



lnclasions 

Criteria: 

Exclasion 

Criteria: 

'- 

eligibility guidelines for volunteer blood donation) 

Subjects were included in our study if they were at the age of 18 years 

or over and provided infomed consent (Appendix B). 
- -  ---- 

Documented Wilson's disease 

Family history of Wilson's disease 

Intercurrent infections 

Malignancies 

Abnormal renal function 

Protein-losing nephropathy 

Liver diseases 

y-glutarnyl transpeptidase (GGT) ; 1 50U11 

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 Illustrate Study Design 

who attended the Chulalongkom attended the Thai Red Cross 

Comprehensive Movement Blood Bank on 1" November 

Disorders Clinic from la October 2007 and 8& November 2007 

2007 to 3 la March 2008 

Informed Consent 

Exclasion Criteria: 1 I I - Wilson's Disease I 
I - Family History of Wilson's Dise~se I I - Conditions that may increase or decrease the serum I I 

measurement of Cp 

1 

Obtain 4cc clotted blood sample from each subject. Serum Samples were 
aeiivered to the Department of Laboratory Medicine within two hours and 

were processed on the same day 

I I 

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 studied 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. Thete 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 18.47n;gldl. The value for mean 

serum Cp level for the control group (32mgldl) was obtained fiom the study by 

*- Torsdottir et al, who compared serum Cp levels in patients with Parkinson's diseasc 

-with age- and gender-matched controls6s. 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 p u p s ) ,  tzking into account a 1 C% 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, 

"5; 
cervical dystonia, focal hand dystonia, Meige's Syndrome and 

blepharospasm), parkinsonism-plus syndrome (including dementia 



with Lcwy bodies, p.ogressive supranuclear palsy and multiple system 

atrophy), tardive syndrome (including tardive dyskinesia and tardive 

. dystonia), vascular mmscnism, Huntington's disease, fmilial 

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 cc;llectivs: tzrm referring to serum iron, ferritin and total iron binding 

capacity. 

+- Wilson's Disease: 

- Patients manifest clinical features of Kayser-Fleischer ring on 

ophthalmologic slit-lamp examination and one additional feature as 
* 

fc!low: abnormal laboratory copper studies in consistent with Wilson's 

disease c;r abnormal liver fi~ncticn~~. 

3.4 Observation and Measurements 

Demographic and clinical data of the patients were obtained fiom the medical 

records. Clinical information including clinical diagnosis of movement disorders, 

types and duration of abnormal movements, family history and current medications 
k\ 

were dcorded. For patients with PD, Hohn and Yahr score, dumtion of treatment and 

. types of medication were also documented. (Appendix D) 



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 

Chulslongkom Memorial Hospital within one hour. The laboratory technicians were 

instructed to process the samples on the s l n e  day. Laboratory measurements on 

serum samples included Cp, copper and GGT. Laboratory method for serum Cp 

measurer;lent impleme~ted the immunotur5idirn~tric assay with specific ~ntiserum, 

COBAS INTEGRA" by ~oche". 

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 compal ison of the means of Cp and tke other 

measurements between patient and co9trol 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 5 0.05. 

*I 

. 3.6 Ethical Considerations 





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 * :4 ir. the patient group and 38.2 years A 10.4 in the 

control group. Age was significantly higher in patient group when compared with 

controls (p < 0.001). There were 82 (54%) female in the patient group and 53 (45%) 

female in the control group. Thcre was no significant difference ir, gender distribut;on 

between the two groups (p = 0.2). Median duration of abnormnl movements in the 

patient group was 4 years, mean *.vas 5.3 years 4.4 ranged fiom 1 month to 21 years 

(Table 5). Disease entities in patiect group included: PD (85/152,55%), essential 

tremor (ET) (1 711 52, lo%), primary focal dysto~ia (1 311 52,9%), Parkinsonism-plus 

syndrome (1 311 52,9%), tardive spdromes (1 111 52, Ph), vascular parkinsonism 

(61152,4%), Huntington's disease (3/152,2%), familial myoclonus (21152, ]%)post- 

infectious segmental myoclonus (111 52, I%), late-onset sporadic cerebellar ataxia 

(11152, 1%) and Tourette's syndrome (111 52, l%)(Figure 17). 



Figure 16: Total Number of Subjects Included in Our Study 

No. of subjects excluded, 
52: No. of subjects excluded, 

GGT' 1 5OUh or 
missing data, 45 = OCP, 6 

WD ar FHx of WD,5 = GGT >150U/l, 4 

Age4 8years, 4 = Dietary copper 
deficiency, 4 

(22 exclusion criteria: 2) Heavy metal 
exposure, 5 

Table 5: Demographic Data of Patient and Control Groups 

* p values < 0.001 were considered statistically significant 
++ 

Total Number 

Female (%) 

Age (years) 

GGT Levels 

Symptom Duration (years) 

Patients 

152 

54% 

58.9 * 14 

30.2 * 23.7 

Median: 4 

Mean: 5.3 * 4.4 

Range: 0.1 - 2 1 

Controls 

95 

45% 

38.2 * 10.4 

31.8*23.7 

- 

p values 

- 

0.2 

< 0.001 * 

0.60 

- 



66 

Figure 17: Diagnosis of Different Movement Disorders in Patient Group 

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 20mgldl. The mean Cp level in the control group was 23.3mg/dl* 6.2 (minimum: 

14.10; maximum: 43.96). It was found that the mean Cp level in the patient group was 

% 
significantly~lower than controls (p<0.001) (Table 6). 



Multiple regression analysis was performed on all our subjects to identi@ 

factors that might have affected the serum measurements of Cp (Table 3). The 

following formula was generated: 

[Cp] = 22.43 1 - 2.441 * movement disorders + 2.568 * female + 0.069 * iGGT] 

- movement disorders: 1 = patient group; 0 = healthy control 

-female: 1 = female gender, 0 = male gender 

- GGT: serum levels of GGT 

The presence of movement disorders, i.e. ~2:ient group, was f m 3  to 

negatively affect the serum measurements of Cp (r = -0.24). It was consistent with the 

finding oi'the lower mean Cp le\e;s irr the patient group when compared with 

controls. The levels of GGT was found to positively correlate with Cp levels (r = 

0.25). Female gecder was a factor that could increase the serum measurements of Cp 

(r = 0.09). Comparison between the demographic data in 50th 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 probably positively correlated with serum Cp measurements (pQ.07). 

It is known that a'oout 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 another76. 

According to the regression analysis, age did not affect serum levels of Cp 

"': (p=0.12) (Table 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. 



Other factors included in the analysis were: symptom dwation, 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 Parient and Control Groups 

* p values < 0.001 and $ p values < 0.05 were considered statistically sipificant 
t 

P values 

<0.001* 

0.23 

0.6 

Ceruloplasmin 

(20-60mg/dl) 

Copper 

Patients 

20.8 =k 4.3 

1.2 It 1.5 

Controls 

23.3 It 6.2 

1.1 i 0 . 3  

3 1.8 It 23.7 

(0.7-1.4pglml) I 

GGT 

- ( 1  -94un) 

30.2 * 23.7 



Table 7: Factors Identified by Multiple Regression Analysis to Aff'ect Serum 

Measurements of Ceruloplasmin 

* p values < 0.001 were considered statistically significani 

Factors 

Movement Disorders 

GGT Levels 

Female Gender 

Copper Levels 

Age 

4:3 Analysis of other Serum Measurements 

The mean levels of copper, iron, TIBC, ferritin and GGT in both the patient 

Correlation Coefficients 

-0.24 

0.25 

0.09 

- 
- 

and control groups were all within the normal laboratory reference range (Tabie 6). 

p values 
1 

< 0.001 * 

< 0.001 * 

< 0.001 * 

0.07 

0.124 

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 higher 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 femtin 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 
++. 

iron was positively correlated with TIBC, r = 0.58 (p < 0.001). 



Figure 18: Positive Correlation between Femtin Levels and Age 

AGE 

* 
4.4 Subgroup Analysis of Serum Ceruloplasnin Measurements in Different 

Movement Disorders 

Subgroup analysis of the serum Cp measurements between different 

mo-:enicnt disorders was performed. Mean Cp le:vels in PD and ET were 20.2mg/dl 

and 2C.6mg/dI respectively and they were both significantly lower than the mean Cp 

level of 23.3mg/dI (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 

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 2hg/dl (Figure 20). 



When the patient group was subdivided according to the underlying etiologies, 

subgroup analysis indicated that the mean Cp levels of neurodegenerative movement 

disorders (20.4mgfdl) was significantly lower when compared with the control group 

(23.3mgldl) (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 



Figure 20: Proportion of Patients with Ceruloplasmin Levels below the Lower Limit 

of Normal Laboratory Reference Range of 20mgldl. Over 50% of Patients with 

Parkinson's Disease had Ceruloplasmin Levels below 2hgJdl. 



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. Its 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 reactantz5. An essential role of 

Cp in iron metabolism was highlighted in the hereditary disorder aceruloplasminemia, 

which was first desci ibed in 1 99477. The mutation of Cp gene in aceruloplasr?lnemia 

results in the synthesis of dysfunctional truncated Cp molecules. Aceruloplasminemia 

iz associated with excessive iron accumulation and iron-medicated toxicity in the 

brain with the onset of symptoms between the ages of 40 and 50 years53. Patients 

develop neurological abnormalities such as hyperkinetic movements, parkinsonism, 

cerebellar ataxia, dementia, and other systemic involvements including late-onset 

diabetes. 

In Wi!son's disease, low serum Cp levels are associated with neurological 

magifestations, 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 f ~ u n d  to have iron overload in their livers7*. 

PD is one of the most common neurodegenerative movement disorders. 

Increased echogenicity of the substantia nigra on transcranial ultrasound can be found 
%. 

61.62 in about 90%bf PD patients, indicating iron ?rcumulation . The detection of 

sequence variations in Cp gene in a PD ptient' and the presence of Cp 



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 femxidase activig. Thus, reduced 

Cp levels, insufficient ferroxidase activity, excessive regional brain iron are all 

thought to be involved in the cascade of neurodegenenration in P D ~ ~ .  It is not known 

whether the involvement of Cp is a primary or secondary phenomenon. 

5.2 Reduced Serum C'eruloplasmin levels in Non-Wilsonian Movement Disorders 

In this study, the serum Cp measurements were on average significantly lower 

in the pntient group than in the control group. In a retrospective study by Wslshe, 

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 disorders3. 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 20.8mgldl 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. Tgrsdottir et a1 

reported that the serum measurements and oxidative zictivity of Cp in 40 patients with 

PD were on average lower than their age-and gender-m~tched c~ntrols*~. 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 patients64. m. However, these factors were not shown to significantly affect the 

serum Cp levels among our patients with PD. 

y 



5 3  Possible Mechanisms of h Serum Cernloplasmin 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: I )  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 dyshnction, 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 analysis. Thee  possibilities 

are further discussed be!ow. 

, Our subgroup analysis revealed selectivt: reductions cjf 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 dyshnction - 
of Cp is associated with toxic iron overload and neurotoxicity in neurodegenerative 

61.79.81 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 

65.80 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 

mclecules following disruption of neuronal function1** (Figure 22). 

E % is a progressive movement disorder, in which the pathogenesis remains 

unclear. Recent studies report heterogeneous pathological findings in postmortem ET 



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 :=us 

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 st-~dy was not powered to study each individual 

subgroup. The significant difference in the means Cp levels in both PD and ET groups 

might merely reflect the larger sample size in these two subgroups. Thz 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 o % iver disease, but it is non-specific for the cause of the liver 

diseaseg2. GGT was used as a marker for liver disease in our patients and controls. 



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 levels3, so we also excluded subjects who were taking oral contraceptive pills and 

hormone replacerncnt 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 adultsM* 83. Nevertheless, it is known that 

serum Cp levels are slightly higher in young childrenM. Musci et al showed that 

serum Cp molecules underwent conformational changes with age but its oxidative 

activity is retained in healthy individualsM. 

<. Copper incorporation into the Cp molecrlle is an important step in the 

gynthesis of Cp. In Wilson's disease, the failure ofcopper binding to Cp molecule 

leads to excessive copper and reduced holoceruloplasmin level". In Menke's disease, 
'? 

Yevere copper deficiency is associated with reduced holoceruloplasmin synthesis77. 

85.86 Thus, copper concentration is direc~ly associated with serum Cp measurements . 
Subjects with severe copper deficiency were excluded fiom our statistical analysis, 

and it was worth noting that there was no difference in tlie mean copper levels 

between our patient and control groups. 

Heterozygotes for Wilson's disease can have reduced serum Cp 

measurementss4. While it is certainly a possibility in both of our patient and control 

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

*\ 



Figure 22: Proposed Mechanisms of the Invo!vements of Ceruloplasmin in Different 

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

Factor or an Outcome Event in the Cascade. 
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CHAPTER 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 inc!uded in our statistical analysis. 

Mean serum Cp level in the patient group was significantly lower than the control 

p u p .  Subgroup analysis showed reduced mean serum Cp levels in patients with PD, 

ET and in patients with underlying neurodegenerative movement disorders, when 

compared with sontrols. 

6.2 Limitations and Future Research 

Movement disorder enc~mpassed a large spectrum of disease entities of 

different etiologies. Therefore, our study group represented a heterogeneous 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 aaalytical 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 sample size and interesting trends of differential decreased in rnean Cp level were 

. also observcS ;n 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 car! increase the validity of the study finding. An addition of cantrol group 

incorporating age-match and gender-match neurological patients without abnormal 

movements might further help to elucidate the association of serum Cp !eve1 and 

movement disorders. A research design of longitudinal cohort study, which the 

control and study groups are followed over a period of time and serum 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 casecontrol study is still feasible. 

These research designs wculd also allow extra infomation regarding the correlation 

of serum Cp levels and disease progression, disease duration and treatment effect to 

be cbtained. 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 copFer 

intake. Diurnal variation in ferritin level has been observed in certain movement 

disorders, e.g. restless leg syndrome. Therefore, an carly morning sanrpie of serum 

following overnigh! fasting would be preferable in future studies. Furthemtore, 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 MTEGRA@ analyzer to analyze reproducibility and method comparison 



were obtained directly from ~ o c l l e @  instead for the purpose of study (data listed in 

literature review section). 

6.4 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 with abnoma! movements and low Cp levels. Nevertheless, in our movement 

disorders clinic, we have observed that patients with symptomatic Wilson's disease 

often have a very lovl 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 IOmgId!, which is much lower than the mean Cp 

levels in our patients group of 20.8mgIdl. Previous studies have reported rare 

neurological entities with combinatioils of abnormal movements, dysarthria and 

hyperintense T2-weighted signal in basal ganglia that were associated with reduced 

serum level of Cp of approximately 1 5mg/dl8]. 

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 *a 
differential diagnosis of various disease entities as mentioned above, though hrther 

studies would be required to coilsvlidate our existing data (see figure 23). 



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 Ceruloplasrnin 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) 

N9.6w2007 
REC. No. 282150 

I Certificate of Approval I 
The Institutional Review Board of the Faculty of Medicine, 

Chulalongkom University, Bangkok. Thailand, has approved the 
following study whkh is to be carried out in compliance with the 
ICHIGCP according to the protocol of the principal investigator 

The Institutional Review Board of the Faculty of Medicine, 
Chulalongkorn University reviewed the protocol based on the 
international guidelines for human research protectiin and ICH-GCP 

Study Title Cergloplasrnin, Copper and Iron Parameters 
i~ ?Aovs,nent Disorder: impliiticns of 
pathogenesis and diagnostic Significance. 

Study Code 

Center : Chulalongkom University 

Principal Investigator : Helen Ling, M.D. 

Document Reviewed : 

(Emeritus Professor Anek Aribarg, M.D.) 
Chairman of Institutional Review B s r d  

(Professor. Kiat Rumungtham, M.D.) 
Assoc~ate Dean for the Research Affairs 

With Representative of Dean 

Date of Approval : September 25,2007 

1 Approval Expire Date : September 25,2008 
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Appendix B 

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

Calculations for sample size estimation (chapter 5.3) 

Sample size = N = (d=~ariance of diffmnce - s:) 
(PI - P2) (PI - x-; P2 - X+) 

Mean Cp level (mgtdl), 
X 
Standard Deviation, SD 

Type I error = a = 0.05; Ln = 1.64 (one-tailed test) 
Type I1 error = 

. - 8 ' Os2; 

q= 0.84 
= 2(! .64+0.84) 372 = 92 

(32-1 8.4a2 

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

Patients with movement 
disorders 
X = 18.47 

SD+ = 2.4 

Control Population 

X+ = 32 

SD_= 37 



Appendix D 

Case Report Form for Patients (chapter 5.4) 

Patient No.:. ........ 
Case Report Form 

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

Date: ........................................ 
Name: ....................................... 
IiN : ........................................me 

............ Age: ...y ears 
Gender: Male o Female o 

Clinical Diagnosis: ........................................ Healthy Volunteers 

Duration of symptoms: ..........................y ears OR Not applicable 

Family History of Abnormal Movements: No Yes 

Current medications: 
1. .................................................... 

+. 2. .................................................... 
'3. ..................................................... 

For patients with Parkinson's Disease only: 
Hohn And Xahr Score: ................................... 
Mini Mental Status Examination: ...................... 
Tremor predominant Akinetic-rigid subtype 
Curren; Medications: 

Levodopa 
Dopamine agnonist 

Monoamine Oxidase Inhibitors 
Anti-cholinergic o 

.................... Duration of treatment: years 

Blood Test Results: 

Ceruloplasmin 
Copper 
I r ~ n  .., 
 erri it in? 

Normal Range I 

I Blood Tests 

Total iron binding capacity (TIBC) 
y-Glutamyl transgeptidase (GGT) 

Results 

mg/dl 
~ d d l  
pgldl 

ndml  

27-37 mgldl 
70-140 pgldl 
50-150 @dl ' 

Male: 30-300 nglml 

YO 
UIIiter 

Female: 10-200 ng/ml 
228-428 % 
1-94 UAiter 



Appendix E 

Case Report Form for Healthy Volunteers (chapter 5.4) 

Subject No: ' 

Case Report Form for Healthv Volunteers 

Cerulo~lasmin, Comer and Iron Parameters in Movement Disorders: 
Implications of Pathwenesis and Diagnostic Sipnificance 

........................................ 1. Date: 
............. 2. Age: ..years 

3. Gender: Male o Female q 
4.Occupat!on: 

9 Regular contact with heavy metals 
9 Regular contact with pesticides 

4. Present Medical Conditions: 
. . .  9 Pregnancy 

9 Infectiolr e.g. Common cold, wounds, fever 
9 Malignancy 
> Kidney Diseases 
9 Liver Diseases 
9 Alzheimer's Disease 

+' 9 Parkinson's Disease 
9 Wilson's Disease 

YES 

YES 0 
YES 0 
YES 0 
kES q 
YES 0 
YES 0 
YES c 
YES q 

9 Others, please specify - 
5. Current Medications: 

9 Oral Contraceptive Pills 
9 Hormanes 

YES0 NOo 
YES o NO 

9 Others, please specify 
6. Family I l i s i o ~  : 

9 Parkinsoc's Disease YES0 NO q 

P Dystonia YES o NO 
9 Tremor YES o NO o 
9 Wilson's Disease YES q NO o 
> Other Hereditary Diseases, please specify 

7. Blood Test Results: 
Blood Tests 

Ceruloplasmin 
Copper 
Serum Iron 
Ferritin 
TIBC;,- 
GGT 

Results 

mg/dl 

y gldl 
nglm l 

YO 
Ufiiter 

Normal Range 

20-60 mgtdl 
0.66-1.5 

59-158 pgldl 
30400 ng/ml 

228-428 % 
7-501JAiter 



Appendix F 

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

BASIC REQUIREMENTS: 

&e in generaily good health and feeling well. 
J3e  at least 17 years of age; upper age 60 (420d*). 
,Weigh at least 1 10 pounds (45 kg). 
pulse: 80 to 100 beatdmin and regular. 
,Temperature: Should not exceed 99.5 (373) .  
.Blood Pressure: acceptable range is 160190 to 110/60. 
,Skin: the venipuncture site should be free of any lesion or scar of needle pricks 
indicative of addiction to narcotics or fiequent Blood donation (as in the case of 
professional Blood donors). 

DONATION FREQUENCY (may vary): 

,Whole Blood donors may donate every 56 days. 
*Plasma donors may d~nate twice a week ( m a  every 48 h r s . )  
,Platelet 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 su-'S not prescribed by a 
physician, - 

,Yoc are a man and have had sex with another man, even once, 
,You have hemophilia or another Blood clotting disorder and received clotting factor 
concentii.te, 

,You have engaged in sex for drugs or money since 1977, 
,You have lived in western E U ~  since 1980, 
,You have been held in a correctional facility (including jails, prisons andlor 
detention centers) for more than 72 hours in the !ast 12 months, 

,You were born in, lived in or had sex with anyone who li-~ed 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, 

.You m, 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 
EngiandIUnited Kingdom h m  1980 to 1999, and those who have lived and/or 
worked in Western Europe since 1980. 

%. 
M E D ~ A L  CONDITIONS: 

accident & Injury: can donate if otherwise healthy 
.Aids: can not donate 



Allergies: can donate if there is no infection present and then is no treatment 
ongoing 

Anemia: defer donation until no symptoms exist 
Arthritis: can donate if mild and not on medication 
,Asthma: those with severe asthma requiring regular treatment can not donate; can 
donate if there are no symptoms evident 

,Babesiosis: can not donate 
.Blood disorders or bleeding tendencies: can not donate 
,Blood Pressure: acceptable range is 160190 ta 1 10160. (see medication section below 
for medication restrictions.) 

J3rain or spinal surgery that required a transplant of brain covering (dura mater): can 
qot donzte 

.Bronchitis: defer donation until four weeks or after recovery 

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

.Cancer: Basal cell, squarnous 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 contained solid tumor, no chemotherapy, and in 
remission . . 

,Chicken Pox: defer donation until four weeks after recovery 
,Chlamydia: like all orher v~nereal diseases; a minimum of a one year deferral is 
required 

,Colds, fever, flu, sore throat: can not donate until symptoms (sore throat, cough, 
respiratory infection, headache) are completely gone 

,. ,Cold Eorz, Fever Elister, Canker Sore: can donate 
',Colitis: can not donate 

, ,Colostomy: can not donate 
,Dementia: can not donate 
,Dengue: defer donation until four weeks after recovery - ,Dermatitis: can donate if mild; defer donation if severe 
,Diabetes: can donate if treatment is by diet control and condition is stable; defer 
donati~n if on medicatian 

.Diarrhea: defer donation until three weeks after recovery 
,Eczema: csn donate if mild. defer donation if severe 
,Emphysema: can not donate 
,Filariasis: can not donate 
,Food Poisoning: defer docation for one week after fill recovery 
,Gastroenteritis: defer donation for one week after fill recovery 
,Gall Stone: can donate if not or? medication 
.GonorrhealSyphilis: defer donation for one year after complete recovery 
.Gout: can not donate 
.Heart attack: can donate if greater than one year since, and no symptoms present, the 
attending Blood authority physician must carefully evaluate 

,Heart 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) 

J-Iemochromatosis: can not donate 
,Hepatitis: 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 



,Herpes (genital): can donate four weeks after lesions completely clear 
&rosy: can not donate 
&lalaria; had Malaria in last three years: dtfk donation for three years after full 
recovery (also see Travel and Residency Restrictions below) 

Pregnancy and Miscamage: can donate after six weeks of full tenn normal delivery. 
Can donate six weeks after termination in third trimester. First or second trimester 
miscarriage can donate after stable 

prostate: can not donate 
.Sexually transmitted diseases - Genital herpes: can not donate until all lesions are 
completely clear 

.Sickle Cell Trait: can not donate 
,Seizures in the last five Years: can not donate 
.Spondylosis: can donate if feeling well and not under any treatment at all 
,Strokes: can not donate 
.Surgery (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. 

,Tuberculosis: can not donate until two years after complete cure 
,Viral Infection: can donate after cure and off treatment 
,Worms: p a  donatz after complete cure 

MEDICATION GUIDELINES: 

+. ficetaminophe~i (e.g. Tylenol): may be taken in normal mcderrte doses Sefore any 
' Blood donation 
Accutane: far-week deferral 
,Allergy medication: can donate 
antibiotics: 72-hour deferral after infection is healed 
anti-inflammstory drugs (Advil, Ibuprofen, Motrin and Naprosyn): may not be taken" 
within 24 hours before a platelet donation (some other rules may apply) 

,Aspirin-containing products or Fzldene arid Ldinc XL: may not dcnate within 36 
hours before platelet donation . 

,Birth control pills: can donate 
,Flood pressure medication: can donate under pment FDA and American Red Cross 
standards in force 

,Depr=ssion medication: can donate 
,Diabetic medication - Injected bovinc (beef) insulin since 1980; can not donate 
Q i e t  pilis: can donate 
,Diuretics: c ~ n  donate 
,Female hormone pills: can d~na te  
,Any human pituitaryderived hormone (i.e. p w t h  hormone): can not donate 
.Soriatane (Acitretin): three-year deferral 
,Tegison (used to treat a severe skin disorder): can not donate if ever taken 
,Thyroid medication: can donate if siabllized 

% 
I M M ~ I Z A T I O N  EXCLUSIONS: 

,Polio, mumps, smallpox: two-week or more deferral 
.Rubella or Rubeola (types of measles): four week deferral 



.Tetanus, diphtheria, flu, Hepatitis B: can not donatc until any reaction is over 

OTHER POSSIBLE RESTRICTIONS: 

acupuncture: one-year deferral 
&lcohol: defer donation if consumed in last 12 hours 
.Body piacing: one-year deferral 
,Cocaine: taking through the nose (snorting); one-year deferral minimum, local 
Blood authority will prevail 

+Dental work - Cleaning and fillings: one-day deferral; Root canal: threeday deferral 
after work is complete 

Jiar piercing: can d o n ~ t e  if the piercing was performed in a doctor's office (with 
written verification) otherwise, one-year deferral 

,Electrolysis: defer donation for one year 
*Hepatitis exposure: one-year deferral 
,Menstruation: can donate 
.Rape: one-year deferral 
,Smoker: can donate 
,Tattoo in the last 12 months: one-year deferral 
,Transfusion: defer donation by one year if undergone transfision with Blood 
product$. Can donate if undergone autologouq @nshsion only 

TRAVEL and RESIDENCY OUTSIDE of the UNITED STATES: 

I ,Erigland/United Kingdom - visited or lived in fiom 1980 to 1999: deferred 
' indefinitely (this standard varies 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 
,Born in, lived in or had sex with anyone who lived in, or received Blood products in- 
Cameroon, Central African Republic, Chad, Congo, Equatori~l Guinea, Gabon, 
Niger or Nigeria since 1977 (this list changes frequently; updates are very 
impo.tant): deferral indefinltzly. 

,Lived or traveled in an area where Malaria 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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