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ABSTRACT

Background: Iron plays a key role in the pathogenesis of Parkinson’s disease (PD), which is the second most frequent
neurodegenerative disease. Disturbances in the iron homeostasis can lead to cellular damage through hydroxyl radical production,
leading to decreased myelin production and the synthesis and production of neurotransmitters in the central nervous system
(CNS).

Aim and Objectives: The aim of the study was to compare the serum levels of iron, copper, ferritin, ceruloplasmin, transferrin,
and TIBC levels in PD cases and controls and identify biomarker pool including demographic & genetic variants and blood
biochemical markers. Further the association of APOE &4 allele with PD was also studied.

Materials and Methods: A case-control study was undertaken in 100 PD and non-PD subjects each. Serum iron, copper, ferritin,
transferrin, TIBC, ceruloplasmin, and APOE genotyping were measured. Biochemical assessments were performed in
Biochemistry autoanalyzers, and APOE genotype was conducted by ARMS-PCR.

Result: In PD subjects serum iron, copper, ferritin, transferrin saturation, and ceruloplasmin levels were significantly low as
compared to controls (p<0.001) whereas transferrin and TIBC levels were higher as compared to non-diseased subjects (p<0.01).
The most common APOE genotype observed was €3€3 (62%) followed by €3€4 (25%) in PD subjects as compared to non-diseased
subjects (€3€3 89%, €3e4 11% respectively). APOE €4 allele was present in 32.0% PD subjects, as compared to 11% in non-
diseased subjects.

Conclusion: In the present study raised iron, copper and APOE ¢4 allele are associated with PD, suggesting their potential role
as biomarkers in disease risk and progression.
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INTRODUCTION

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disease of the neuromotor system, affecting 2% world’s
population. PD patients usually present, with symptoms like bradykinesia (slow movements), rigidity, mask-like facies, slow,
rhythmic involuntary tremors, intention tremors etc around at the age of 60 years. Other less frequent presentations are sleep
disturbances, gastrointestinal symptoms and psychiatric issues like depression and anxiety affecting other organ systems [1].
Metals play a vital role in the pathogenesis of PD as long term exposure to heavy metals such as lead, mercury, copper, manganese,
aluminium, zinc etc. leads to increased risk of PD by impairing the dopamine pathway [2]. These heavy metals cause destruction
of the neurons through oxidative stress, mitochondrial dysfunction, protein, endoplasmic reticulum (ER) stress and activation of
apoptosis leading PD [3].

Among metals, iron is present in highest concentration in brain as well as whole body and plays an important cofactor in essential
functions like DNA synthesis, mitochondrial biogenesis and transportation of oxygen, along with it’s role in regulating the
synthesis of neurotransmitters, myelin sheath formation, growth and repairing of dendrite spines in hippocampus in brain. In
healthy adults, the concentration of iron is heterogeneously distributed in brain being more in basal ganglia (putamen, globus
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pallidus, caudate). Changes in the iron level in brain can lead to cognitive decline due to reduced myelination of neurons. The
toxicity produced by the iron accumulated in the substantia nigra is due to it’s role as cofactor in tyrosine hydroxylase enzyme
which limits the neurotransmitters production, therapy thereby contributing to dopamine deficiency. Hence, both excess or
shortage of this transition metal can damage dopamine producing neurons along with copper [1].

Copper also plays a dual role, by serving as a coenzyme for crucial antioxidant enzymes like Copper or Zinc SOD (Superoxide
Dismutase), leading to the suppression of oxidative stress, whereas as free copper moiety participates in a-synuclein protein
oligomerization, oxidative stress and Fenton and Haber-Weiss processes thereby contributing to the formation of Lewy bodies

[4].

Transferrin, a transporter of iron produced in liver, attaches two ferric ions forming an apotransferrin Fe3+ complex, transporting
them to various tissues through the circulatory system. In addition to being a soluble ferric iron transporter, it also attenuates the
redox activity of iron, preventing it from interacting with other molecules. Lower transferrin saturation along with high transferrin
and TIBC levels indicate an iron deficiency, thereby increasing the chance of developing Parkinson's disease [5].

The ceruloplasmin, a glycoprotein, transports copper and transforms toxic ferrous (Fe) ions into non-toxic ferric (Fe**) ions,
which it then incorporated into transferrin. Reduced ferroxidase activity of ceruloplasmin results in iron overload in the plasma
of individuals with Parkinson's disease [6].

Apolipoprotein E (APOE), a polymorphic protein featuring three primary isoforms (g2, €3, and &4), exists in elevated
concentrations within the brain [7]. Various epidemiological studies show APOE as a susceptibility gene for late-onset AD, where
APOE €2 has been implicated zas the protective allele, whereas APOE €4 has been observed as a risk factor in both AD and PD
However these results have been quite conflicting [8]. The APOE gene with three alleles, possessed six genotypes (2/€2, €3/€3,
ed/ed, €3/e2, €4/€2, and €4/¢3). Worldwide, APOE &3 genotype has been found to be most common in almost all the population,
followed by the €4 and €2 alleles [9]. Literature shows that APOE &4 has been involved not only in pathogenesis but also in
cognitive decline associated with progression of diseases in patients of PD. Such studies are not currently available focusing on
the North Indian population. Hence further research in this area is urgently required to understand the potential role of APOE in
PD susceptibility and progression within this specific population. The present study was designed to assess the levels of heavy
metals like Iron, copper and metalloproteins like TIBC (Total iron binding capacity) ceruloplasmin, Transferrin and Ferritin in
Parkinson’s disease subjects, along with the frequency of APOE &4 allele.

METHODOLOGY

Study Design:

A Case Control study was performed in 100 PD and 100 Non-PD subjects in the Department of Neurochemistry, Institute of
Human Behaviour and Allied Sciences (IHBAS), New Delhi, India and Department of Biochemistry and Santosh Deemed to be
University, Ghaziabad, Uttar Pradesh, India, in collaboration with the Neurology department at IHBAS. Diagnosis of the patients
was done by the Neurologist in movement disorders OPD of Neurology department by using the Mini Mental State Examination
(MMSE) and Unified Parkinson’s Disease Rating Scale (UPDRS). The non-PD subjects with no history of neurovascular surgery,
stroke, brain injury, depression or any other mental disorder were included as control subjects. The written consent was obtained
from all the PD and non-PD subjects. Iron, copper, iron profile, ceruloplasmin along with APOE genotyping was done in all the
subjects.

Biochemical Assessment:

Non fasting blood sample (10-12 ml) was collected during the study by venipuncture in plain evacuation tube (5-6 ml) and EDTA
evacuation tube (5-6 ml) from patients in both the study groups taking all aseptic precautions. Plain evacuation tube samples were
centrifuged at 1500 rpm for 15 minutes at room temperature within 30 minutes after collection. After centrifugation, the serum
was kept at -20°C for analysis of iron, copper, ceruloplasmin, iron profile (ferritin, transferrin, TIBC and UIBC) along with
routine laboratory test on Erba XL 1000 an automated biochemistry autoanalyzer from M/s Transasia Bio-Medicals Pvt Ltd.
Serum ferritin was measured by chemiluminescent microparticle immunoassay (CMIA) technique on S12000, AN
IMMUNOASSAY ANALYSER FROM m/S Abbott Pvt. Ltd. TIBC was calculated mathematically from the estimated serum
transferrin (TRF) using formula: TIBC (umol/L)= 25.0 x TRF g/L. UIBC was calculated by using formula: UIBC (umol/L) =
TIBC (umol/L) - Serum Iron (umol/L). EDTA evacuation tube was kept at 2-4°C for DNA isolation. APOE genotyping was done
by ARMS- PCR technique.

Statistical Analysis:
All values were presented as mean + SD. A two-tailed independent test was performed to analyse the continuous variables.
Statistical significance was defined at p<0.05

RESULT

Socio-Demographic Characteristics

Table 1 shows Socio-Demographic features like age, gender, habitat, smoking and alcohol. All the cases and controls were age
and sex matched.

Biochemical Parameters Analysis
The levels of heavy metals iron and copper along with iron profile observed in serum of both PD and non-PD cases are shown in
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Table 2. Serum iron and copper levels were significantly low in PD subjects as compared to the non-PD subjects (p< 0.000;
p<0.000 respectively), whereas transferrin levels were significantly high in PD cases (p<0.000). Similarly, TIBC levels were
significantly higher in PD subjects compared to controls (p<0.003). However, levels of transferrin saturation, ferritin and
ceruloplasmin were significantly low in PD subjects (p<0.000; p<0.000; p<0.000 respectively).

APOE Genotyping

APOE genotyping and APOE alleles have been summarized in Table 3 and 4 respectively in cases and control subjects. €3€3
(62%) was present in highest percentage of subjects, whereas e4€4 genotype was absent in both groups. As shown in table 4, €3
(77% in PD; 94.5% in non-PD groups) was the most prominent allele in both the groups, followed by €4 (16% in PD; 5.5% in

non-PD groups).

Table 1: Socio-demographic characteristics of PD and Non-PD subjects.

Variables Cases Control P-Value
(n=100) (n=100)

Age Mean (SD) 59.77 (7.40) 59.08 (7.14) 0.78"s

Gender Male 60 (60.0%) 60 (60.0%) 1.00NS
Female 40 (40.0%) 40 (40.0%)

Habitat Rural 27 (27.0%) 42 (42.0%) 0.07Ns
Urban 73 (73.0%) 58 (58.0%)

Alcohol NO 80 (80.0%) 70 (70.0%) 0.10Ns
YES 20 (20.0%) 30 (30.0%)

Smoking NO 79 (79.0%) 82 (82.0%) 0.59Ns
YES 21 (21.0%) 18 (18.0%)

Diet NON-VEG 45 (45.0%) 42 (42.0%) 0.67Ns
VEG 55 (55.0%) 58 (58.0%)

Independent Samples t- test, p<0.05 (Significant), **highly significant, Nnon-significant

TABLE 2: Metal Profile in PD and Non-PD Subjects

Variables Groups P value
Cases (n=100) Control (n=100)
Serum Iron Mean (SD) 12.27 (4.20) 22.99 (5.53) 0.000**
Serum Copper Mean (SD) 103.49 (17.64) 134.19 (16.78) 0.000**
Serum Transferrin Mean (SD) 3.59 (0.70) 3.25 (0.45) 0.000**
Transferrin Saturation Mean (SD) 14.17 (5.13) 28.76 (8.10) 0.000**
TIBC Mean (SD) 88.28 (20.18) 81.37 (11.20) 0.003**
Serum Ferritin Mean (SD) 53.91 (34.10) 99.65 (82.85) 0.000**
Serum Ceruloplasmin Mean (SD) 31.21 (7.00) 39.50 (7.34) 0.000**

Independent Samples t- test, p<0.05 (Significant), **highly significant, NS non-significant

Table 3: APOE Genotyping in PD & non-PD cases

APOE CASES CONTROL
Genotype | Frequency (%) Frequency (%)
€2¢e2 1(1.0) 0(0.0)
€2¢€3 5 (5.0) 0 (0.0)
€2¢e4 7(7.0) 0 (0.0)
€3€3 62 (62.0) 89 (89.0)
€3¢e4 25 (25.0) 11 (11.0)
gded 0 (0.0 0 (0.0
Total 100 (100.0) 100 (100.0)
Table4: Distribution of APOE Allele in PD & non-PD cases
APOE Cases Control
Allele
Frequency Frequency
n (%) n (%)
€2 14 (7.0) 0(0.0)
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&3 154 (77.0) 189 (94.5)

el 32 (16.0) 11 (5.5)

DISCUSSION

In the present study, significant alterations in the metal profile (low iron, low copper, low ferritin, low ceruloplasmin and elevated
transferrin in PD subjects) and differential Apolipoprotein E (APOE) isoform distributions in subjects with PD in contrast to
healthy participants were observed. Our findings suggest that both dysregulated metal homeostasis and APOE ¢4 allele may play
a major role in pathogenesis of PD and can serve as potential biomarkers for neurodegenerative processes in PD.

Iron & Copper in Parkinson’s disease

Our results are consistent with previous studies reporting increased accumulation of iron in brain among PD cases, particularly
in the substantia nigra, which may contribute to oxidative stress and dopaminergic neuron degeneration. Significant reduction in
serum iron due to its buildup in the substantia nigra results in toxicity in PD, as iron acts as a cofactor for tyrosine hydroxylase
enzyme, limiting neurotransmitter production leading to dopamine shortage. Thus, in PD dopaminergic neurons may suffer from
an excess or deficiency of the transition metal elements, particularly iron and copper [10].

Our findings are supported by other studies done by Gangania et al. [11] reporting decreased serum iron levels in PD subjects as
compared to healthy controls Contrarily few studies (12, 13, 14) reported no significant difference of serum iron levels between
PD and controls. According to a study by Hedge et al. [15], serum Fe levels dropped as the severity of PD progressed.
Furthermore, Pichler et al. [5] reported that increased blood iron levels prevent Parkinson's disease (PD), with a 3% decrease in
PD risk for every 10ug/dL increase in serum iron levels.

Evidence shows that iron accumulates in different areas of the brain, especially in the substantia nigra. Consequently, a reduced
iron level in the bloodstream is viewed as a risk factor for the onset of PD. As iron acts as a cofactor for tyrosine hydroxylase,
which plays a key role in the synthesis of neurotransmitter dopamine, its’ reduced levels in substantia nigra result in the
dysfunction of neurons.

The pathophysiology of PD is significantly influenced by other heavy metals like copper as well. As a cofactor for the antioxidant
enzyme copper-zinc superoxide dismutase, it contributes to both the formation of oxidative stress and its removal. In the present
study, the concentration of low copper levels in blood of PD subjects was observed as compared to non-PD group. Similar findings
have been reported in the literature as well by many research groups (11, 12, 16, 17). However, no correlation of copper levels
has been reported with age, duration of disease, or levodopa consumption. In contrast to this, Hedge et al. [15] have reported
elevated serum copper levels in both early and advanced PD cases in their study, indicating that the onset of PD may be associated
with reduced serum copper concentrations by its impact on the non-motor symptoms related to PD. However, a meta-analysis
performed by Mariana et al. [18] showed no prominent difference in blood and CSF copper levels between PD patients and
healthy controls [12]. These findings indicate that there may be a disruption in copper balance in the advanced phase of the illness
in PD and the potential involvement of this trace element in Parkinson's disease is suggested by decrease in serum level of copper.
Similar to iron, there has been conflicting findings in literature regarding involvement of copper in Parkinson's disease. Forte et
al. [19] and Bocca et al. [20] reported lower serum copper levels in PD, whereas Jiménez-Jiménez et al. [21] has reported no
significant alteration in serum copper levels in PD as compared to controls. Our findings are also consistent with the histology
investigations revealing a 34% reduction in copper in substantia nigra when compared to controls in similar age group [4]. But
authors did not note any disruption of copper in the substantia nigra in patients with multisystemic atrophy or supranuclear palsy,
indicating that this drop was selective. Additionally, Pall et al. [22] and colleagues reported a rise in the copper in PD patients'
cerebrospinal fluid (CSF), a finding which was not supported in subsequent research [17].

Iron Profile in Parkinson’s disease

In present study, significantly raised transferrin levels were observed, whereas serum ferritin, ceruloplasmin, TIBC levels and
Transferrin saturation were low in PD subjects. In a previous study by Gangania et al. [11] PD patients exhibited increased
transferrin and TIBC levels, along with decreased ferritin and transferrin saturation levels and was supported by other studies
performed by Farhoudi et al. [23] and Annamaki et al. [24]. Nevertheless, Logroscino et al. [13] and Shen at al. [14] found lower
levels of ferritin, transferrin, transferrin saturation and TIBC in PD subjects as compared to non-PD cases, whereas Chen at al.
[25] reported higher transferrin and ferritin levels in PD subjects. However, they were not able to find any correlation with the
duration of treatment or iron intake from food. Ferritin is present in the cytoplasm of almost all cells. It is a two-subunit, 24-
polymer protein whose main biological function is iron storage. So far, as per available research no definite connection between
serum ferritin and Parkinson’s disease has been established [26]. Similarly Mariani et al. [27] reported high levels of serum
transferrin and transferrin saturation in PD subjects, but Xu et al. [28] found that neither transferrin nor its receptor increases in
the PD brain. Hence iron buildup in Parkinson's disease may not be due to transferrin or its receptor [26], rather iron triggers a
redox mechanism in metabolism that results in the production of hydroxyl free radicals when the level of iron surpasses the
transport ability of transferrin [29]. The released free radicals may result in pathological alterations and may play a crucial role
in pathogenesis of neurodegenerative diseases, by lipid peroxidation, mitochondrial dysfunction, cellular injury, chronic
inflammation, leading to synuclein accumulation in brain [30,31]. In their study Ayton et al concluded that the iron deposition
may result from the restriction of iron flux in substantia nigra caused by the loss of transferrin in PD with concomitant rise of
iron be [32].
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Apolipoprotein E in Parkinson’s disease

APOE gene, located on chromosome 19q13.2, codes for protein which facilitates cholesterol transport and thereby aids in brain
injury recovery. In research undertaken on AD till date, APOE has been consistently reported to be a probable candidate gene
that might influence the neurodegenerative process during the progression of disease. It has also been proposed that there may be
numerous pathophysiological similarities between AD and PD as protein aggregation and neuronal death have been observed in
both illnesses, leading to cognitive decline and extrapyramidal symptoms as their pathogenomic clinical characteristics. Hence
like AD, APOE is considered as a probable candidate gene that might influence the neurodegenerative processes in PD leading
to cognitive decline which has been given a separate identity- Parkinson’s diseases dementia (PDD). The APOE gene has three
alleles: €2, €3 and €4 due to variation in arginine and cysteine presence at amino acid position 112 and 158. Alleles €3 and €2 are
more efficient in mediating neuronal remodelling, repair, and protection than the €4 allele [33]. As &4 has arginine at 112, by
virtue of which it produces a property referred to as Domain interaction (e4 > €3 > £2). Hence, APOE &4 isoform is identified as
being substantially linked to the risk of AD, LOAD, PD, and PDD out of the three alleles (g2, €3, and €4). APOE &3 is neutral,
whereas APOE ¢€2 is usually considered to be protective against neurodegenerative illnesses [9].

As shown in Table 3, in the present study the APOE ¢4 allele was observed in 32 PD subjects (16%) whereas only 11 non-PD
subjects (5.5%) had &4. Tripathi et al. [34] reported 25% PD subjects with atleast one &4 allele as compared to control (11.5%).
Furthermore, same group also reported APOE &4 as a significant risk factor in AD and PD groups, contributing more than 2.5
times risk of having disease as compared to non-diseased group, Similarly, in another study performed by Ghebremedhin et al.
[35] on moderate to severe PD had increased frequency of APOE &4 allele with decreased APOE €3 allele. In contrast, meta-
analysis performed with 22 association studies of PD showed APOE &2 as a risk factor for PD with no effect of APOE &4 [36].
Hence it can be concluded that APOE &4 is a significant genetic influence in the progression of PD, but its role needs to be further
investigated to collect more evidences.

CONCLUSION

Iron dysregulation (especially ferritin and TIBC changes) is consistently linked to Parkinson’s disease pathophysiology but iron
in CSF can also be seen for better results. Ceruloplasmin deficiency may aggravate the iron accumulation in the brain due to its
oxidase activity. In addition to it, copper imbalance seems to play a role in pathophysiology through oxidative damage. These
markers are promising for early diagnosis of PD and therapeutic targets.
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