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Abstract

Background: Genetic and environmental risk factors play an important role for the susceptibility to sporadic

Parkinson’s disease (PD). It was hypothesized that a splice variant of the CYP2D6 gene (CYP2D6*4 allele) is associated

with PD because it alters the ability to metabolize toxins and in particular neurotoxins. CYP2D6 codes for the drug

metabolizing enzyme debrisoquine 4-hydroxylase. The CYP2D6*4 variant results in an undetectable enzyme activity

and consequently in a reduction in metabolism of some toxins.

Methods: Some of agricultural chemicals have neurotoxic potential and CYP2D6 is involved in their detoxification.

Thus, we conducted a case control study to investigate the association of the CYP2D6*4 with PD in a Pakistani

subpopulation that is known to be exposed to high levels of some agricultural pesticides, insecticides and

herbicides.

Results: We found a significantly higher allele and genotype frequency of the CYP2D6*4 variant in 174 sporadic PD

patients when compared to 200 controls. In addition, there was a trend to an earlier age of PD onset and a tremor

dominant phenotype in CYP2D6*4 variant carriers.

Conclusion: Our data provide further evidence that a poor metabolizer status may increase the risk to develop PD

especially in populations that are exposed to environmental toxins.
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Background

Parkinson’s disease (PD) is a slowly progressing neurode-

generative disorder primarily affecting motor function

although nonmotor symptoms such as autonomic, cog-

nitive, and psychiatric manifestations may also appear

throughout the disease course [1]. A positive family

history is associated with a high risk of PD in many pop-

ulations worldwide suggesting a role of genetic factors.

Indeed several causative genes have been identified so

far through genetic analysis in rare multicase families

with Mendelian inheritance of PD. The etiology of more

common sporadic idiopathic Parkinson’s disease (PD) is

however not known, but is thought to be multifactorial

with environmental factors and aging increasing the risk

in genetically predisposed individuals [2]. Several studies

hypothesized that individuals with certain genotypes of

drug metabolizing enzymes may have difficulty in me-

tabolizing one or more environmental neurotoxins and

that this “poor metabolizer” status could make them

susceptible to developing PD following exposure to such

toxins [3].

Enzymes encoded by the cytochrome P450 gene family

(CYP enzymes) represent 70–80% of phase I metabolism

and are responsible for the biotransformation of exogen-

ous drugs and toxins to polar metabolites, which can be

excreted by the kidneys [4, 5]. The CYP enzyme debriso-

quine 4-hydroxylase encoded by the CYP2D6 gene

(MIM: 124030) is of particular importance in the context
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of PD since it is expressed in neurons and metabolizes

endogenous and environmental neurotoxins that have been

associated with idiopathic PD [6] Importantly, individuals

with PD have lower CYP2D6 expression in the brain [7].

A single nucleotide polymorphism (rs3892097; c.1846G >

A) in the CYP2D6 gene results in a functionally deficient

variant of the enzyme (the so called CYP2D6*4 isoform).

Currently it is believed that this is a frequent CYP2D6

variant leading to a deficiency in enzyme activity and it is

believed to result in a poor metabolizer status. Moreover,

the CYP2D6*4 variant has been considered as a genetic

susceptibility factor in idiopathic PD, consistent with the

hypothesis that a poor metabolizer status increases the

disease risk. Case–control association studies have been

performed in many populations to test this association

[8–10]. The association between CYP2D6*4 and PD

was confirmed in some European populations where

CYP2D6*4 allelic frequency is relatively higher com-

pared to Asian populations [11].

Interestingly, postmortem toxicology and epidemio-

logical studies found some organophosphate and or-

ganochlorine pesticides as an environmental risk factor

for PD [12–18]. Brown et al., [19] extensively reviewed

the potential neurotoxic mechanisms by which certain

pesticide chemicals may influence PD risk. In vitro stud-

ies indicated that CYP2D6 at least in part participate in

the metabolism of some organophosphate and organo-

chlorine pesticides (such as Parathion, Chlorpyrifos and

Diazinon) [20–23]. A combined effect of a higher expos-

ure to potentially toxic pesticides and a reduced

CYP2D6 enzyme activity due to CYP2D6*4 allele there-

fore represents a potential risk factor for PD. Indeed a

previous study indicated that the effect of CYP2D6*4

allele on the risk of PD increases with higher levels of

pesticide exposure [24].

Extensive and indiscriminate use of agricultural chemi-

cals in Pakistan and environmental exposure of some

Pakistani population groups to organophosphate and or-

ganochlorine pesticides has been reported previously

[25–28]. We therefore investigated the association of

CYP2D6*4 allelic variant with PD susceptibility in a

Pakistani population subgroup. by genotyping 174 PD

patients and 200 controls with comparable pesticide

exposure., We found a significantly higher allelic and

genotype frequency of the CYP2D6*4 variant in PD

patients when compared to controls.

Methods

Enrollment and sampling

Medical records of 174 patients with primary diagnosis of

idiopathic PD were collected from the neurology depart-

ment of Shaheed Zulfiqar Ali Bhutto Medical University

Islamabad. The study was performed in accordance with

the Declaration of Helsinki and was approved by the

Research Ethics Committee of the Institute of Biomedical

and Genetic Engineering (IBGE) Islamabad, Pakistan. Writ-

ten informed consent was obtained from all subjects. A

total of 5–10 ml blood was drawn from all study partici-

pants. The control individuals (n = 200) were matched with

the cases according to age at collection (Cases: 59.1 ±

8.9 years; controls: 60.4 ± 8.8 years), ethnicity (Pathan/Khy-

ber Pakhtunkhwa province of Pakistan), gender (male to

female ratio 2.3) and life style (rural farmland living).

Genomic DNA was extracted with standard phenol chloro-

form method [29] and stored at −80° centigrade.

All PD patients were subjected to a detailed interview

designed to obtain demographic and clinical informa-

tion. The Unified Parkinson’s Disease Rating Scale

(UPDRS) score was recorded for most patients (n = 149).

The tremor dominant (TD) and postural instability/gait

difficulty (PIGD) phenotypes of Parkinson’s patients

were identified as described previously [30] Briefly, a ra-

tio was obtained by dividing the sum of UPDRS “tremor

items” 16, 20 and 21 by the sum of “postural instability

and gait difficulty items” 13–15, 29 and 30. The cutoff

scores of ≥1.5 and ≤1.0 were used for TD or PIGD

phenotypes, respectively.

CYP2D6 (rs3892097; c.1846G > A) genotyping

Genotyping was performed as described previously for

the single nucleotide polymorphism rs3892097 at the

junction of exon 3 and 4 of the CYP2D6 gene

(c.1846G > A, also known as 1934G > A in the literature)

[31]. Briefly, for each sample a 1.8 kb DNA fragment

harboring rs3892097 at position 42128945 (GRCh38/

hg19) of the human chromosome 22 was amplified by

PCR in 20 μl reaction volume including 1 μl of 100 ng/

μl genomic DNA, 12.12 μl PCR grade water, 2ul NH4

buffer (10X), 1.25 μl MgCl2 (25 m M), 1 μl dNTPs

(2.5 mM), 0.25 μl Taq DNA polymerase and 1.5ul each

forward and reverse primers. PCR was performed with

95 °C for 3 min, followed by 30 cycles of 94 °C for 30 s,

annealing at 64 °C for 30 s and 72 °C for 60 s, and finally

an extension at 72 °C for 5 min. The 1.8 kb fragment

from the initial PCR was gel purified and used as tem-

plate in allele specific PCR using the forward primer

from the initial PCR and unique reverse primers for

major and minor alleles. The product of the allele

specific PCR (577 bp) was mixed with loading dye and

subjected to prestained 2% agarose gel electrophoresis.

The reproducibility of the genotyping methods was

confirmed with bidirectional Sanger sequencing per-

formed on randomly picked PD case and control sam-

ples (n = 20 per group) using M13 tailed primers

flanking the rs3892097. The sequence of primers used

for Sanger sequencing is as follows (CYP2D6 specific

sequence underlined):
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Forward sequencing primer TGTAAAA

CGACGGCCAGTATCTCTGACGTGGATAGGAGGT

Reverse sequencing primer

CAGGAAACAGCTATGACCTGATGGGCAGAAGG

GCACAA

Statistical analysis

Statistical Package for the Social Sciences (SPSS Version

13.0, Chicago, IL) was used for the statistical analysis.

Goodness-of-fit Chi square method was used to test

Hardy-Weinberg equilibrium. Pearson’s chi-square sta-

tistics was used as test for an association under allele

contrast, recessive and dominant genetic models. Odds

ratio (OR) and corresponding 95% CIs were calculated as

a measure of association between PD risk and CYP2D6*4

polymorphism. Data are presented as mean ± standard

deviation (SD). Significant association was assumed with a

p-value < 0.05.

Results

Demographic and clinical characteristics of study subjects

We recruited PD patients (n = 174) who visited a single

study center during a period of three years. The age of

PD onset was 55 ± 13.0 years and the mean total UPDRS

score was 87.8 (±32.5). Twenty-nine of the PD patients

(19%) had a tremor dominant PD based on criteria de-

scribed earlier [30] (see Methods). Patients and control

individuals were similar according to their socioeconomic

background (e.g., rurality and occupational structure) and

were recruited during the same period. The aim was to

recruit patients and controls that are comparably exposed

to potential toxins such as pesticides.

Association analysis

Using allele specific PCR, we obtained genotypes for the

SNP rs3892097 (G/A) for all sporadic idiopathic PD

cases and control samples. To validate the method, we

confirmed genotype results of 20 A-allele and 20 G-al-

lele carriers with Sanger sequencing. A representative

gel image and Sanger sequencing chromatograms for

individuals homozygous for major allele (GG), homozy-

gous for the risk allele (AA) and heterozygous (GA) are

shown in Fig. 1. Allele and genotype frequencies and

association analysis results are shown in Table 1. No de-

viation of genotype distribution from Hardy-Weinberg

equilibrium was found in the control group. The fre-

quency of the A-allele (coding for the CYP2D6*4 variant)

in our control group was 4.4%. Importantly, there was a

significant difference in the frequencies of the risk-

associated allele (A) and genotype (GA and/or AA)

between PD cases and controls (Table 1). The A-allele

coding for the functionally deficient form of CYP2D6

enzyme (CYP2D6*4) increased the risk for PD more than

two fold (OR: 2.52; 95% CI: 1.40 – 4.52; p = 0.001). A

comparison of the genotype frequencies under a dominant

model (GA +AA vs. GG) also indicated an increase in the

risk of PD (OR = 2.02; 95% CI = 1.07-3.78; p = 0.02). We

did not observe the AA-genotype in the control group.

Therefore the OR cannot be calculated for a recessive

genetic model (GG + GA vs. AA). The OR for the reces-

sive model is indefinitely large since that there was no

AA genotype in the control group. Importantly, the

CYP2D6*4 carriers had a younger age of onset (53.0 ±

12.8) when compared to non-carriers (58.1 ± 10.2). The

age of onset for PD in homozygous CYP2D6*4 carriers

was even more reduced (45.8 ± 16.6). Furthermore,

13% (4 out of 29) of the patients with CYP2D6*4

Fig. 1 Genotyping of the CYP2D6 rs3892097 (G/A) polymorphism by

an allele-specific PCR assay and validation of genotypes by Sanger

sequencing. For each sample, two PCR reactions were performed

using a 1.8 kb fragment harboring rs3892097 (G/A) polymorphism

as template, each including a common forward primer and allele

specific reverse primers (G-Allele PCR and A-Allele PCR). A 577-bp DNA

fragment indicated the presence of the G or A allele. Individuals 1 to 5

are homozygous for the G-allele, individual 6 and 7 are homozygous

for the A-allele and individual 8 is heterozygous. Sanger sequencing

performed on individuals with different genotypes are shown below
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variant (A-allele) presented with a tremor dominant

disease compared to 5% of non-carriers (6 out of 120).

Discussion

In this association study, we found that the CYP2D6*4

variant is a risk factor for PD in a Pakistani population

that is known to be exposed to pesticides.. Both allele

and genotype frequencies of CYP2D6*4 variant were sig-

nificantly higher in the PD patients than in controls. We

observed a 2.5 fold elevated risk of PD in the CYP2D6*4

carriers compared to non carriers which is in a similar

range observed by other studies [9]. Importantly, there

were no homozygous CYP2D6*4 carriers in the control

group in contrast to 8 in the patient group suggesting

that the absence enzyme function strongly increases the

disease susceptibility in our study group. Heterozygous

and homozygous CYP2D6*4 carriers had a younger age of

PD onset of approximately 5 and 13 years, respectively,

when compared to non-carriers and there was a trend to a

more tremor-dominant disease. Agúndez et al., [32]

reported a similar reduction in the age of PD onset in a

Spanish population. In addition, the CYP2D6*4 allele

was more frequent in patients with a tremor dominant

disease in our study consistent with observations of

Akhmedova et al., [33]. Our results are therefore in line

with the previous studies.

A recent meta-analysis involving case–control studies

questioned an association of CYP2D6*4 allele with PD

risk in the Asian populations although an association

was confirmed for the European populations in this

study [9]. Of note, the Asian studies that were included

in this meta-analysis were comparably small especially

when considering the low frequency of the CYP2D6*4

allele in the Asian population. The frequency of

CYP2D6*4 in our control group was estimated to be

4.4%. Naveen et al., and Adithan et al., [34, 35] reported

CYP2D6*4 frequencies of 7.3% for south Indians and

6.6% for Tamilian populations, respectively. A study in-

volving worldwide CYP2D6 genetic variation reported a

CYP2D6*4 frequency of 8.1% (range 4–12%) for Central/

South Asian ethnic groups mainly constituting Pakistani

subpopulations [11]. The frequency of CYP2D6*4 among

south Asians is therefore significantly lower as compared

to some European populations, which was reported to

be 17.2% (range 8.8–20.8%).

CYP2D6*4 allele carriers are poor metabolizers of po-

tential environmental neurotoxins and it is possible that

this is the cause for the increased susceptibility to PD.

Low ORs in the range of 1.05 to 1.6 for homozygous

CYP2D6*4 carriers were reported in several studies,

which may be explained by a lack of exposure to the

potential environmental neurotoxins in the investigated

patient groups [9]. The PD cases and control individuals

of our study were mainly from rural areas living near

farmlands in tobacco growing areas. Such rural dwellings

in Pakistan have been characterized as having a higher

ambient air pollution (e.g. daily particulate above the

world average), intensive use of agricultural pesticides

and pesticide contamination of subsoil and ground

sources of drinking water [25, 36–38]. Interestingly, pre-

vious studies found that the risk to develop PD increases

between two to eight fold in homozygous CYP2D6*4

Table 1 Genotype distribution, allele frequencies and association analysis of the rs3892097 (G/A) polymorphism in Pakistani population

Genotype distribution

GG GA AA Total HWE (p-value)

PD 145 (83.3%) 21 (12.0%) 8 (4.5%) 174 0.89

Control 182 (91.0%) 18 (9.0%) 0 (0%) 200 0.95

Total 327 39 8 374 0.92

Allelic distribution

G A Total

PD 311 (89.3%) 37 (10.6%) 348

Control 382 (95.5%) 18 (4.4%) 400

Total 694 55 748

Genetic model and statistical data

Genetic model Odds ratio (95% CI) Chi-square Degrees of freedom P

Allele contrast
(G vs. A)

2.52 (1.40-4.52) 10.27 1 0.001

Dominant
(GA + AA vs. GG)

2.02 (1.07-3.78) 4.97 1 0.02

Recessive
(AA vs GG + GA)

Infinitea 9.23 1 0.002

aThe OR and 95% CI of the recessive model could not be calculated since there was no homozygous CYP2D6*4 observed in the control group
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carriers depending on the level of the pesticide exposure

[24, 39]. Together with our data these findings suggest

that individuals with a poor metabolizer phenotype result-

ing from a non-functional debrisoquine 4-hydroxylase en-

zyme in CYP2D6*4 allele carriers or potentially also from

other polymorphisms in the CYP2D6 gene [39] exhibit an

increased risk for PD especially when exposed to potential

neurotoxins such as pesticides in the intensive agricultural

landscapes.

Although potential pesticide toxicity is a strong candi-

date mechanism by which CYP2D6*4 allele may contribute

to the PD risk there are alternate explanations that can be

envisioned as the basis of strong association between PD

and CYP2D6*4. The CYP2D6 enzyme is involved in the

metabolism of a variety of endogenous compounds which

may be affected in CYP2D6*4 carriers [40]. In addition

apart from predominantly endoplasmic reticulum-targeted

CYP2D6 mitochondrial targeting of CYP2D6 has also been

described in the PD relevant dopaminergic neurons [41].

Since mitochondrial dysfunction is a known cellular

change observed in PD, the lack of CYP2D6 enzyme activ-

ity in CYP2D6*4 allele carriers may contribute to the PD

pathogenesis via this cellular compartment.

Conclusion

In conclusion, we show that the CYP2D6*4 allele in-

creases the PD risk in a Pakistani subpopulation with

high prevalence of pesticide exposure. Further studies

are warranted to identify the particular pesticide neu-

rotoxins and the mechanism underlying the associ-

ation between CYP2D6*4 allele and PD susceptibility

in Pakistani and other populations.
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