ORIGINAL ARTICLES

Experimental neurology

© Khabarova Yu.l, Tappakhov A.A., Popova T.E., Maksimova N.E., Asekritova A.S., Tatarinova O.V,, 2025

Association of COMT and MAO-B Gene
Polymorphic Variants with Sensitivity
to Dopaminergic Therapy in Patients

with Parkinson’s Disease

Yulia I. Khabarova', Alexey A. Tappakhov'?, Tatiana E. Popova®, Nadezhda E. Maksimova‘, Aleksandra S. Asekritova**,
Olga V. Tatarinova'*

"Yakut Scientific Center for Complex Medical Problems, Yakutsk, Russia;
*M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia;
SLotus Medical Clinic, Yakutsk, Russia;

‘Republican Clinical Hospital No. 3, Yakutsk, Russia
Abstract
Introduction. Levodopa and other dopaminergic agents remain the cornerstone of pharmacotherapy for Parkinson’s disease (PD). Two enzymes
play key roles in dopamine metabolism: catechol-O-methyltransferase and monoamine oxidase type B, encoded by the COMT and MAO-B genes
respectively.
This study aimed at analyzing potential association between dopaminergic therapy response and carrier status of COMT (rs4680) and MAO-B
(rs1799836) polymorphisms in patients with PD.
Materials and methods. The study included 96 PD patients at stages 2-3 on the modified Hoehn and Yahr scale. Most patients (n=64; 66.7%) received
levodopaycarbidopa, with 40.6% on combined dopaminergic therapy. All patients underwent assessment of dopaminergic therapy effictiveness using
the difference in motor deficit (calculated from part Il of the Unified Parkinson’s Disease Rating Scale) between the worst and best states (%). COMT
and MAO-B polymorhisms were detected by real-time polymerase chain reaction.
Results. Allelic analysis demonstrated that carriers of the COMT gene rs4680 G allele responded better to dopaminergic therapy than A allele
carriers (p = 0.038) (43.78 + 18.15% vs 38.53 £ 16.58%; p = 0.038). Among men, we found no significant differences in therapy sensitivity related to
MAO-B (rs1799836) variants, while female CC genotype carriers demonstrated better treatment response than TC heterozygotes (35.45 £ 17.78% vs
55.16 = 11.22%; p=0.019).
Conclusion. Our data suggest that in patients with PD, not only drug-induced dyskinesias and motor fluctuations, but also overall sensitivity to
dopaminergic therapy may be associated with specific COMT and MAO-B polymorphisms.
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AxHoTanug
Beedenue. [Ipenapamet nesodonst u dpyeue dogamureputeckue npenapamsi 0Cmaiomes. 0cHo8oli papmakomepanuu 6onesnu [Tapkurcona (BII).
B memabonuzme dopamuna kniouesyio ponib uzpaiom 08a Gepmerma: kamexon-0-memunmpanchepasa u MoHoamurokcudasa muna b, komopoie
Kxodupyromes 2enamu COMT u MAO-B coomeemcmaerHo.
Llenvio Hacmosiuje20 uccne006aHUA A6UNOCH U3YUeHUe 603MOKHOL 63aUMOCBA3U MeKOY BbIPAKEHHOCMbIO omaema Ha dopamuHepauteckyio me-
panuio u Hocumenbcmeom noaumopgruix eapuarnmos 2enos COMT (rs4680) u MAO-B (rs1799836) y nayuenmos c BI1.
Mamepuanst u memodut. B uccnedosanuu npunsnu yuacmue 96 nayuernmos ¢ BIT 2-3-ii cmaduu no modudpuyuposanroti wkane Hoehn-Yahr.
Bonwwurcmeo nayuenmos (n = 64; 66,7%) npunumanu npenapamet negodonsi/kapoudonsl, 40,6% nayuenmos — KoMOUHUPOBaHHYI0 dopamunep-
euteckyro mepanuio. Beem sxnouénHbim 6 uccnedosaue nayueHmam npoeoounu mecm agexmusHocmu npuHumMaemoti dogpamurepeuteckoii
mepanuu ¢ pacyémom pasocmu dsuzamensHo2o dehuyuma, oyeHénHozo no 3-ii uacmu Yrugpuyuposanroii pelimurzosoli wikanwt B, 6 pasax
Hauxyoduwiezo u Hauyyuiezo camouyscmeus (8 %). Onpedenerue nonumopdHoix sapuarmos zenos COMT u MAO-B nposedero memodom nonume-
pasHoli yenHoti peakyuu 8 peasibHoM peMEHL.
Pesynmamot. Annenvhuiti aHanu3 nokasan, umo Hocumenu annens G eena COMT (rs4680) nyuuwe omeeuarom Ha dopamurepauueckyio mepa-
nuto, uem Hocumenu annens A (43,78 + 18,15% npomug 38,53 = 16,58% p = 0,038). Cpedu My uuH Mbl He 0OHAPYXUAU SHAUUMBLX PASAULUL NO
uyecmaumensHocmu Kk doghamurepeutieckoli mepanuu 8 3agUCUMOCTU OM HOCUMebemea nonumMopHsix eapuarmos 2ena MAO-B (rs1799836),
a KeHujursl — Hocumenu 2eHomuna CC xapakmepu3oganuch Jy4wum omeemom Ha doGamunepauyeckyio mepanuio, uem 2emepouzomot TC
(35,45 * 17,78% npomus 55,16 + 11,22%; p = 0,019).
3axmouenue. OcHo6bIBAACH HA NOTYUEHHBLX OGHHBLY, MOXHO NPeONn0N0KUMS, YUMo He MOJIbKO pasgumue NexapemeeHHslX OUCKUHe3UL U MOMOPHbLX (yk-
myayuil, Ho U uyscmeumebHocb K 00(haMurepeueckoli mepanuu 6 yejaom y nayuermos ¢ bII moxem Gbimb 00yc10871eHa Hocumenbemeom onpedené-
HbLX nonumop@Hslx eapuanmos 2enos COMT u MAO-B.

Knioueswle cnosa: Gonesny [lapkuncona; nonumopgvie sapuarmel; nesodona; dopamur; MAO-B; COMT

druueckoe yTBepskaeHue. cenenoBanyie MPOBOAMIOCH IPU 0GPOBOIBHOM MH(MOPMUPOBAHHOM MHCbMEHHOM COIJIACHM Ta-
upeHToB. [IpoToKO/ cciejoBaHks 000p€eH N0KaIbHBIM KOMUTETOM 10 OMOMEIUIMHCKOM 9THKe SIKYyTCKOro HayYHOro LeHTpa
KOMIUIEKCHBIX MeJMIMHCKUX 11pobseM (mpotokon N2 51 ot 17.12.2020).

Braronaprocts. Bbipaskaem rny6okyi mpusHaTenbHOCTb (enbaliepy-1abopaHTy 1abopaTopiyl MOJEKY/ISPHOH TeHeTHKH
LlenTpa npeaMKTUBHOM MeMLKMHBI 1 OnonHbopMaTHKy PecrybmkaHcKoit knuHryeckoit bombrupl N 3 (Skyrck) E.B. Temep-
baeBoit 3a HemocpesCTBEHHOE yUacTHe B UCC/IE/0BATEIbCKOIT paboTe.

Uctounuk q)HHaHCI/IPOBaHI/IH. ABTOpr 3asBJIAIT 00 OTCYTCTBUU BHEIIHUX UCTOYHUKOB Cl)I/IHaHCI/IpOBaHI/IH [Ipu IpoOBeZIEHNN
HCCieq0BaHKuA.

Kondukr unrtepecos. ABTOpbI 3asBASIOT 00 OTCYTCTBUHM ABHBIX M MOTEHIUATbHBIX KOH(IUKTOB MHTEPECOB, CBA3AHHBIX
¢ myOMKalyei HacTOAIIEH CTAThH.
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Introduction

Parkinson’s disease (PD) is one of the most common neuro-
degenerative disorders, characterized by progressive dege-
neration primarily of dopaminergic neurons in the substantia
nigra of the brain, leading to severe dopamine deficiency and
the emergence of symptoms such as bradykinesia, muscle
rigidity, and resting tremor [1, 2]. The prevalence of PD con-
tinues to rise annually, which is attributed not only to popula-
tion aging but also to complex interactions between genetic,
epigenetic, and environmental factors that require further
investigation [3-5].

The cornerstone of PD pharmacotherapy includes levodopa
and other dopaminergic agents [6]. Levodopa, as a dopa-
mine precursor capable of crossing the blood-brain barrier,
is converted into dopamine and compensates for the neu-
rotransmitter deficit. Other medications such as dopamine
receptor agonists, monoamine oxidase B (MAO-B) inhibitors,
and amantadine directly stimulate dopamine receptors or en-
hance/prolong the effects of levodopa [7, 8].

Individual genetic characteristics may serve as key determi-
nants of therapeutic response to dopaminergic treatment.
Dopamine is metabolized by two enzymes: catechol-O-methyl-
transferase (COMT) and monoamine oxidase type B (MAO-B),
encoded by the COMT and MAO-B genes located on 22q11.21
and Xp11.3 chromosomes, respectively [9].

The Val158Met (rs4680) polymorphic variant of the COMT
gene significantly alters enzyme activity. The G allele (en-
coding valine) is associated with higher COMT enzyme ac-
tivity and consequently faster dopamine depletion in the
synapse, while the A allele (encoding methionine) is linked
to slower COMT activity and prolonged synaptic dopamine
retention [10]. The A644G (rs1799836) polymorphic variant
of the MAO-B gene may modify MAO-B enzyme activity.
Specifically, TT (AA), TC (AG), and CC (GG) genotypes corre-
spond to high, intermediate, and low enzyme activity levels,
respectively [11].

Most studies have focused on associations between COMT
and MAO-B gene polymorphisms with levodopa-induced
dyskinesias and motor fluctuations in PD patients [12-16],
but none have investigated the relationship between do-
paminergic therapy response intensity and polymorphic
variant carrier status. This rationale guided the selection
of specific genes and polymorphic variants included in the
current study.

Study aim: to analyze the relationship between dopaminergic
therapy response and carrier status of COMT (rs4680) and
MAO-B (rs1799836) polymorphisms in patients with PD.

Materials and methods

The study was conducted at the Center for Neurodege-
nerative Diseases of the Clinic of Yakut Scientific Cen-
ter for Complex Medical Problems included 96 patients
(43 men and 53 women) with PD stages 2-3 according to
the modified Hoehn and Yahr scale between January 2021
and December 2022.

Inclusion criteria:

¢ clinically established diagnosis of PD according to the
2013 criteria of the International Parkinson and Movement
Disorder Society;

o continuous use of levodopa or other antiparkinsonian
agents for at least the preceding year;

¢ age 18 years and older.

The non-inclusion criteria:

* patients with secondary parkinsonism or parkinsonism
within multisystem neurodegeneration;

o patients with severe medical conditions;

* patients who took anticholinergics, anti-dementia drugs,
or antidepressants within the previous 6 months;

» refusal to participate in the study.

All patients provided written informed consent to participate
in the study. The study protocol was approved by the Local
Biomedical Ethics Committee of Yakut Scientific Center for
Complex Medical Problems (Protocol No. 51 dated December
17, 2020).

The mean patient age was 66.58 + 9.37 years (95% CI 64.68—-
68.48), with average disease duration of 571 * 3.59 years
(95% CI 4.98-6.44). Most patients (66.7%) received levodopa/
carbidopa, with a median daily dose of 500.0 [375.0; 750.0]
mg. 40.6% of patients received combination dopaminergic
therapy. Table 1 shows the complete characteristics of the
study participants.

All patients included in the study underwent an efficacy assess-
ment of their dopaminergic therapy. After obtaining consent,
all anti-Parkinsonian medications were discontinued until the
patient reached their self-assessed worst clinical state (Phase
1), during which motor impairments were evaluated using Part
Il of the Unified Parkinson’s Disease Rating Scale (UPDRS).
Following administration of a single dose of their prescribed
dopaminergic agents and achievement of the optimal thera-
peutic effect (Phase 2), motor impairments were reassessed.
Scores obtained in the worst clinical state were considered
baseline, with percentage change calculated for the best clini-
cal state following dopaminergic agent administration.

The molecular genetic study was conducted at the Labo-
ratory of Molecular Genetics of the Center for Predictive
Medicine and Bioinformatics at Republican Clinical Hospi-
tal No. 3. Blood samples were collected from patients’ cubi-
tal veins into Improvacuter vacuum tubes (Guangzhou Im-
prove Medical Instruments, China) containing 0.5 M EDTA
solution. Genomic DNA extraction was performed using the
AmliSens RIBO-PREP DNA/RNA isolation kit (Central Re-
search Institute of Epidemiology, Rospotrebnadzor, Russia) ac-
cording to the manufacturer’s protocol. The isolated DNA was
stored at —20°C. Polymorphic variants of the COMT (rs4680)
and MAO-B (rs1799836) genes were analyzed using real-time
polymerase chain reaction on a CFX 96 nucleic acid amplifier
(Bio-Rad, USA) with commercial reagent kits (rs4680: Syntol,
Russia; rs1799836: TestGen, Russia). For genotyping the COMT
rs4680 polymorphism, 5-TCGTGGACGCCGTGATTCAGG-3'
and 5-AGGTCTGACAACGGGTCAGGC-3' primers were
used. For genotyping the MAO-B 151799836 polymor-
phism, 5-GGAACCTCTTATACCACAGG-3 and 5-GACTGC-
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Table 1. Characteristics of patients
Parameter
Total No. of patients
Male, n (%)
Mean age, years
Mean disease duration, years
Disease subtype, n (%):
complex
akinetic-rigid
tremor-dominant
Use of levodopa/carbidopa, n (%)
Median levodopa daily dose, mg
Combined dopaminergic therapy, n (%)
Use of dopamine receptor agonists, 11 (%)
Use of amantadine, n (%)

Median equivalent levodopa daily dose, mg

Mean Unified Parkinson’s Disease Rating Scale (UPDRS) Part Il score:

Phase 1
Phase 2
Mean Montreal Cognitive Assessment (MoCA) score:
Phase 1
Phase 2

CAGATTTCATCCTC-3' primers were used. Genotyping results
were analyzed using TaqMan allelic discrimination technolo-
gy with fluorescent probes.

Statistical analysis was performed using SPSS Statistics v.
25.0 software. Quantitative data normality was assessed us-
ing Kolmogorov-Smirnov and Shapiro—Wilk tests. For nor-
mally distributed data, mean * standard deviation (M % SD)
with 95% confidence interval (CI) was presented. Non-nor-
mally distributed data are shown as median and interquar-
tile range (IQR) (Me [Q; Q,]). One-way ANOVA was used
to compare three groups of independent quantitative vari-
ables with normal distribution, followed by post-hoc analy-
sis when significant differences were detected. Independent
samples t-test was applied for comparing two groups of nor-
mally distributed variables. Categorical data are presented
as frequencies (%). The level of statistical significance was
set at p < 0.05.

Genotype distribution was tested for Hardy—Weinberg equi-
librium. Figure 1 shows the frequency distribution of geno-
types for the studied gene polymorphisms.

Value
96
43 (44.8%)
66.58 (9.37)
5.71 (3.59)

65 (67.7%)
18 (18.8%)
13 (13.5%)

64 (66.7%)
500.0 [375.0; 750.0]
39 (40.6%)

45 (46.9%)

31 (32.3%)
500.0 [300.0; 750.0]

54.25 (16.57)
32.53 (15.69)

19.6 (4.97)
23.43 (4.97)

Results

Table 2 compares motor deficit differences in PD patients
between the two study phases broken down by the carriage
of the COMT gene rs4680 polymorphisms. Carriers of the
GG genotype showed a more pronounced reduction in motor
deficit in response to antiparkinsonian therapy compared to
AA genotype carriers, though the differences were not statis-
tically significant. Allelic analysis demonstrated that carriers
of the COMT gene rs4680 G allele responded better to dopa-
minergic therapy than A allele carriers (p = 0.038).

Since the MAO-B gene is located on the X chromosome,
the analysis was performed both in the overall sample
and stratified by gender. In the overall sample, we found
no statistically significant difference in the response to
antiparkinsonian therapy depending on genotype distribution,
though heterozygotes showed a smaller reduction in motor
deficit (p = 0.093). Among men, no statistically significant
differences were observed based on T or C allele carriage
(p = 0.941). In women, one-way ANOVA revealed a significant
difference (p = 0.043) in motor deficit changes depending on

58 Annals of clinical and experimental neurology. 2025; 19(3). DOI: https://doi.org/10.17816/ACEN.1248
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Fig. 1. Distribution of genotype frequencies in the MAO-B and COMT genes.

Table 2. Association of the COMT gene rs4680 polymorphic variant with response to dopaminergic therapy

Genotype/allele n

GG 42
GA 17
AA 37
101

91

80

Difference in UPDRS Part lll scores (%)

100

%

M= SD 95% CI o
453+17.8 39.77-50.87
36.15+18.90 26.39-45.91 0.12
39.07 £16.17 33.68-44.46
43.78 £ 18.15 40.2-47.36
0.038
38.53 £ 16.58 35.07-41.97

151799836 polymorphic variant genotypes. Post-hoc testing
demonstrated that the difference stemmed from variations
between TC heterozygotes and CC mutant allele homozygotes
(35.45 = 17.78 vs. 55.16 £ 11.22; p = 0.019). Consequently, the
CC genotype in women was associated with a better response
to dopaminergic therapy. Meanwhile, allele frequency analysis
in both the overall group and gender-stratified subgroups
showed no significant differences (Table 3).

Discussion

The polymorphic variants of the COMT and MAO-B genes
included in this study have been extensively investigat-
ed across various populations to assess both PD risk and
treatment response associations. A meta-analysis of 20
case-control studies involving 2,846 cases and 3,508 controls
demonstrated that the AA genotype of the MAO-B A644G
polymorphism is associated with increased PD risk com-
pared to AG + GG genotypes (OR = 1.32; 95% CI 1.18-1.47)
[17]. Conversely, AG and GG genotypes were linked to earlier
onset and higher frequency of drug-induced dyskinesias in
patients with PD, potentially due to reduced MAO-B enzyme
activity and elevated synaptic dopamine levels [12, 18]. The
influence of COMT haplotypes (rs6269:A>G; rs4633C>T;
154818:C>G; rs4680:4>G) on levodopa dosing was investigat-
ed, revealing that carriers of the G_C_G G haplotype (as-
sociated with high COMT enzyme activity) required signifi-
cantly higher levodopa doses compared to other haplotypes
(604.2 = 261.9 mg vs. 512.2 £ 133.5 mg, p < 0.05) [19]. In-
vestigation of MAO-B and COMT gene effects on PD in the
Yakut population remains pending, with planned emphasis
on ethnic-specific associations.

Our study assessed whether carrying specific genotypes or
alleles of COMT and MAO-B gene polymorphisms could in-
fluence the sensitivity to dopaminergic therapy in patients
with PD. By dopaminergic therapy, we meant any treatment
capable of enhancing dopaminergic transmission, including
levodopa, dopamine receptor agonists, MAO-B inhibitors,
and amantadine. We excluded patients taking any other
medications that could alter the response to anti-parkin-
sonian therapy, either by enhancing or suppressing its ef-
fects. Our results showed that carriers of the G allele of the
COMT 154680 polymorphism exhibited more pronounced re-
duction in motor deficits when receiving anti-parkinsonian
medications. However, the GG genotype and G allele are
associated with high COMT enzyme activity and consequent
rapid dopamine depletion [15]. Our findings appear partial-
ly inconsistent with these data, suggesting the involvement
of additional mechanisms modulating treatment response
intensity.

According to our data, female carriers of the CC geno-
type of the MAO-B gene (rs1799836) demonstrated bet-
ter response to anti-parkinsonian therapy [17]. The CC
genotype (designated as GG in most studies) is linked to
low MAO-B enzyme activity [17]. Consequently, carriers
of this genotype may require lower doses of anti-parkin-
sonian medications or show better response to equivalent
drug doses. Conversely, T. Sampaio et al. found that male
carriers of the MAO-B G allele (rs1799836) had a higher
relative chance of requiring high-dose levodopa therapy
(> 600 mg/day; p = 0.04), while no significant differences
in genotype/allele frequency or levodopa dosing were ob-
served in women [12].
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Table 3. Association of the MAO-B gene rs1799836 polymorphic variant with response to dopaminergic therapy

Difference in UPDRS Part lll scores, %

Genotype/allele n p
M+ SD 95% CI
Overall sample

T 56 42.02+18.23 37.13-46.90
TC 20 35.27+17.3 27.16-43.38 0.093
cec 20 4526 +15.29 38.10-52.42
T 132 40.99+18.13 37.87-44.12

0.724
c 60 41.93+16.42 37.69-46.17
T 30 4022 +17.74 35.71-44.74

0.941
c 13 39.93 + 14.51 34.07-45.79
T 26 44.09 +19.05 36.39-51.78 0.043

=01*
TC 20 35.45+17.78 26.89-44.02 Prrre
Prrog= 0.344*

cc 7 55.16 + 11.22 44.78-65.53 Prege = 0.019*
T 72 4178+ 18.86 37.32-46.24

0.604
c 34 43.82 +17.97 37.44-50.18

Our study has several significant limitations. The primary
limitation is the lack of stratification of patients by groups
of antiparkinsonian medications used. It is likely that car-
riers of different genotypes will respond differently to
levodopa preparations, dopamine receptor agonists, and
other agents. Nevertheless, we demonstrated that sensi-
tivity to dopaminergic therapy depends on polymorphic
variants of genes whose products are involved in levodopa
metabolism. Second, patients received antiparkinsonian
agents in varying doses. Therefore, we decided to calculate
between-phase differences in the study not in absolute val-
ues (points) but in percentage terms. During the study, we
did not adjust doses of previously prescribed medications.
We temporarily discontinued nighttime antiparkinsonian
medications, but most patients did not reach their worst

clinical condition by the next morning, necessitating pro-
longation of the withdrawal period. The third major limi-
tation is the small sample size and lack of ethnic stratifi-
cation. We hypothesize that representatives of different
ethnic groups may also have specific features in sensitivity
to antiparkinsonian therapy.

Conclusion

Our data suggest that in patients with PD, not only drug-in-
duced dyskinesias and motor fluctuations, but also overall
sensitivity to dopaminergic therapy may be associated with
specific COMT and MAO-B polymorphisms. Larger-scale
studies with stratification by antiparkinsonian medications
and ethnicity are undoubtedly needed.
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