Research

Effect of Aldehyde Dehydrogenase 2 Gene Polymorphism

on Executive Function in Opiate User

Po-Chih Liu', Po-See Chen'?, Ru-Band Lu?, Chun-Hsiang Tan3*, Shao-Ching Tu® and Rwei-Ling Yu'2%”

Abstract

Objective: The use of opiate substances, such as heroin and methadone, has been proven to
cause executive function damage. The extent of damage may be mediated by the activity of
enzymealdehyde dehydrogenase 2 (ALDH2), which playsanimportantrolein neurotransmitter
dopamine metabolism. The single nucleotide polymorphism Glu487Lys distributes mostly in
Asia and codes for ALDH2 with greatly reduced enzyme activity. The current study aims to
explore the effect of ALDH2 on executive function in opiate users.

Methods: A total of 94 opiate users were recruited and 58 patients finished the
neuropsychological assessment and blood genotyping.

Results: After co-variating the influence of age and the years of education, we found that
participants with ALDH2 A allele performed worse on the Category Complete index of the
Modified Wisconsin Card Sorting Test (F = 5.34, p = 0.02), suggesting an impaired planning
ability in this group. We also found that ALDH2 A carriers went through the Trail 2 in Color
Trails Test faster (F = 8.21, p = 0.01), in part suggesting better set-shifting abilities; however,
impulsiveness and lack of planning associated with this study group may also explain the
faster performances.

Conclusions: The role that ALDH2 plays in the pathology of cognitive impairment in
opiate users may lead new focus in studies of the pathophysiology in opiate usage and its
consequences on cognitive function.
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Introduction harmful substance among illegal drugs [1].
. .. Heroin or methadone using may damage
Substance use especially the use of heroin is an ) . . & y . ,g

one’s executive functions such as, cognitive
flexibility, cognitive inhibition, sustained

attention, strategic planning, and decision-

important health problem. For users, heroin
is the most mentally dependent and physically
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making [2]. Certain genotypes of key enzymes
that catalyze the metabolism of these substances
may underlie the extent of damage that these
substances may cause in the users. Specifically,
aldehyde dehydrogenase 2 (ALDH2) catalyzes
the metabolism of opiates, by modulating levels
of metabolites, and of the neurotransmitters
involved in the process, dopamine is the most
critical [3].

The ALDH2 gene leads to the transcription of
the enzyme ALDH2, and depending on the
single nucleotide polymorphism Glu487Lys, the
level of activity in the ALDH2 enzymes may vary
[4,5]. According to the homotetrametic enzyme
hypothesis, the inactive allele (ALDH2 A) is
the main phenotype gene, instead of the active
allele (ALDH2 G) [6]. From the perspective of
ALDH2 A allele regional distribution in East
Asia [7], related studies become more prevalent
to medical practices in Asian countries.

In dopamine metabolism, dopamine and
related catecholamines were first turned
into toxic aldehydes 3,4-dihydroxyphenyl-
acetaldehyde (DOPAL) and
3,4-dihydroxyphenylglycolaldehyde
(DOPEGAL) in reactions catalyzed by
monoamine oxidase A (MAOA). These
aldehydes then turned into carboxylic acids
3,4-dihydroxyphenyl-acetic acid (DOPAC)
and 3,4-dihydroxymandelic acid (DOMA),
respectively via the catalyzing properties of
ALDH2 [8]. If the activity of ALDH2 is limited,
the toxic aldehydes generated in this metabolism
may accumulate, causing neural death [9,10].

One of the dopamine pathways in the brain
originates from substantia nigra and ventral
tegmental area, and projects to cortical regions
like mesocortical system [11]. Dopamine could
influence one’s prefrontal cortex function through
the mesocortical pathway or the nigrostriatal
pathway via the striatothalamocortical loops
[12]. Prefrontal lobe related cognitive functions
were collectively included under the umbrella
term executive functions [13]. Chung had divided
executive functions into five main constructions-
planning, verbal fluency, inhibition, and set-

shifting [14].

Heroin bind to p-opioid receptors in substantia
nigra and ventral tegmental area, triggering
dopamine release [15,16] and the subsequent
projection along its pathway [11]. In this way, the
use of heroin could influence executive functions
[17]. Despite causing less damage, methadone
induces dopamine reactions similar to those

triggered by heroin [18]. The combination of
low ALDH?2 catalytic efficiency and elevated
dopamine concentration in the ventral tegmental
area propagated by opiate intake could lead to
the accumulation of neuro-toxic aldehydes,
byproducts in dopamine metabolism. These
aldehydes accumulate and harm dopaminergic
neurons in ventral tegmental area, causing further
neural deceases [19]. Considering the dopamine
projection along the frontostriatal pathway, an
injury in the ventral tegmental area involves
dopaminergic dysfunction in the prefrontal
cortex [20], ultimately leading to executive
dysfunction in the given individual. Previous
studies have investigated the role of dopamine
system in cognitive functions of opiate users
[21]. However, to the best of our knowledge, no
studies have investigated the role of ALDH2 in

the executive function of opiate users.

Past studies on ALDH2 have focused on its
relation to general cognitive function in patients
with Alzheimer’s disease (AD), Parkinson’s
disease (PD), and substance use disorders. Some
studies proposed that ALDH2 A allele may be a
risk factor of AD [22-24], but others disagreed
[25-28]. Of the studies listed above, only Kim et
al. and Shin et al. evaluated the general cognitive
function of AD patients, but both of them failed
to find a relation between general cognitive
function and ALDH2 [25,26]. Previous studies
on ALDH2 and PD have focused on catechol-
aldehyde hypothesis, which suggested that
ALDH? inactivity may mediate the extent of
damage to the dopamine system due to increased
levels of toxic aldehydes [13]. Further studies have
supported this hypothesis by associating ALDH2
with the chemicals related to parkinsonism, such
as pesticides [29], fungicide [30], and rotenone
model [31]. The study conducted by Zhao et al.
reported similar results, supporting the neuro-
toxic theory [32], but another study failed to
find the same relation between ALDH2 and
PD development [33]. Furthermore, Yu et al.
analyzed the role of specific ALDH2 genotypes
on cognitive functions in PD and found that
ALDH2 A allele carriers performed worse on
cognitive function tests and had higher dementia
rate [34], compared to those without the allele.

On a separate note, in a study of alcohol use
and ALDH2, individuals who carried ALDH2
A allele, interestingly, tended to consume less
alcohol; nonetheless, no significant impairment
in general cognitive functions or memory were
noted in these participants [35]. In addition,
previous study on ALDH2 has investigated its
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relation with opiate use. The allele frequency
of the ALDH2 A, that studies found, was
higher in opiate users, and these ALDH2 A
carriers showed more novelty seeking and harm
avoidance personality [36].

Although previous studies have explored general
cognitive function in patients with AD, PD,
and substance users, a study probing the role of
ALDH2 genotype in cognitive function in opiate
users has yet to be performed. Opiate usage
could cause dopaminergic system damage, and
the extent of damage may be mediated by the
efficiency of ALDH2 to catalyze toxic aldehydes.

The present study hypothesized that the
increased level of toxic aldehydes may damage
the dopaminergic system, thereby leading
to vulnerability in developing executive
dysfunctions on top of the cognitive impairment
associated with opiate use. Thus, our study aims
to clarify the relation between ALDH2 genotypes
and executive function in opiate users.

Materials and Methods
m Participants

The participants were recruited from the
methadone clinic. The inclusion criteria were:
(1) outpatients attending methadone clinic due
to heroin use (2) intact sensation and perception
to follow test directions and tested stimuli (3)
literacy and ability to communicate in Chinese.
The exclusion criteria were: (1) comorbidities,
including other psychiatric disorders diagnosed
under the Chinese version of Mini-International
Neuropsychiatric Interview [37] (2) auditory or
visual impairment (3) insufficient proficiency
in the Chinese language, either in listening,
speaking, or reading.

Ninety-four participants were contacted at
the beginning of our study, and 58 of them
completed the study. Of the 36 patients who
dropped out of the study, some did not complete
the screening test and others failed to provide
blood sample. Therefore, the study analysis
included results from a total of 58 participants.

= Standard protocol approvals,
registrations, and patient consent

All the participants were well informed about
the procedures and purpose of the current study
before signing a written informed consent.
The current study had been approved by
the Institutional Review Board. Participants
completed the interviews, blood drawings,

and neuropsychological tests in succession. All
procedures were performed in accordance with
the approved guidelines.

m Neuropsychological assessment

All participants underwent psychometric testing
by neuropsychologists experienced in the
following tests. The Modified Wisconsin Card
Sorting (M-WCST) [38] was given to evaluate
planning [39]. Examiners provided cards with
figures of varying shapes, colors, and numbers,
and the participants were asked to group each
card into a category. The examiners showed the
cards, one by one, and gave only a confirmative
or negative feedback, corresponding to the
accuracy of participant’s responses. To complete
the task successfully, participants needed to
initiate and maintain a certain rule within a
category then switch to a new rule in between
categories, without being directly told the
sorting rule in effect. The categories completed
and the different errors made were recorded. For
the Verbal Fluency Test (VFT) [40], participants
were asked to generate as many words as possible,
in a given semantic category under a time limit.
The Color Trails Test (CTT) [41] mainly
measured set-shifting and processing speed,
and the results comprised several scores. Trail
1 test purely evaluated processing speed, while
the Trail 2 test evaluated set-shifting in addition
to the processing speed. To get an estimation of
the set-shifting function, the Interference Index
was calculated based on the Trail 1 and Trail 2
scores, yielding the formula: (Trail 1 — Trail 2)
/ Trail 1 [42]. The assessments utilized by the
present study are reliable, valid, and sensitive to
prefrontal cortex impairment.

m Blood samples and Genotyping

Twenty milliliters of venous blood was drawn
from each participant, and DNA extracted from
the sample. The genotyping of ALDH2 gene was
conducted via polymerase chain reaction, using
protocols proposed by Chen [43] and Dandre
[44]. The laboratory technician who performed
the genotyping and read the genotypes was
blinded from the patients’ clinical data.

m Statistical analysis

Without knowing participants’ performances
or clinical characteristics, they were divided
into ALDH2 GG and AG/AA groups based
on the homotetrameric hypothesis by Crabb
[6]. Considering the effect of patient age and
years of education on test performance, we co-
variated age and years of education, compared
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executive function test scores from different gene
groups via ANCOVA in parametric variables
(M-WCST and CTT) and via rank ANCOVA
[45] in non-parametric variables (VFT). All

levels of significance in tests were set to 0.05.

Results

A total of 94 participants were recruited in our
study and 58 participants completed all study
protocols and thus remained in the current
study. There were no significant differences in
the sex, age, and the years of education between
participants who completed and those who
dropped out of the study (Table 1). Out of the
remaining participants, 24 had ALDH2 GG,
27 ALDH2 AG, and 7 ALDH2 AA genotypes.
According to Ting et al., the ALDH2 A allele
incidence rate in Taiwan was 0.29 [46], but the
incidence rate in our study participants was 0.35;
statistical analysis revealed that the incidence
rate of ALDH2 A alleles found in our study
groups was representative of the incidence rate
in the population, according to Hardy-Weinberg
equilibrium. Nonetheless, it might be a point of
future studies to verify that the observed increase
in incidence rate of ALDH2 A alleles in opiate
users were merely by chance.

We divided participants into a group with
ALDH2 GG and a group with ALDH2 AG/
AA, based on the homotetrameric hypothesis by

Crabb [6]. In the demographic variables, there
were no significant differences in the sex, years
of education, methadone dosage, and years of
heroin use, between the study groups. However,
the mean age of ALDH2 GG group was lower
than that of AG/AA group (r = 2.16, p = 0.03)
(Table 1).

Considering that executive functions may
be influenced by patient age and years of
education, we co-variated these two variables
before comparing the performances in executive
function between the ALDH2 AG/AA and GG
groups. The results showed that, gene group had
a significant effect on performances in Category
Complete of M-WCST (F = 5.34, p = 0.02) and
Trail 2 in CTT (F = 8.21, p = 0.01) (Table 2).

Discussion

The primary purpose of current study was to
explore various subdomains under executive
functions in heroin and related substance users
with different ALDH2 genotypes, by comparing
their performance in planning, verbal fluency,
and set-shifting tests. In the current study, after
co-variating the influence of patient age and
years of education, we found that participants
with ALDH2 GG performed better in the
Category Complete index of the M-WCST
than those with the ALDH2 A allele, suggesting
a deficit in abstract concept formation in these

Table 1: Demograp

hic and clinical chara

cteristics of the st

ALDH2 GG ALDH2 AG/AA Statistic p value Dropout Statistic(+) | pvalue
Mean SD Mean SD Mean SD
N 24 - 34 - - 36 - - -
Gender (male%)* 71% - 88% - x2=2.77 0.10 89% - x=1.02 0.31
Age (years)® 41.43 6.19 45.26 6.79 t=2.16 0.03* 45.72 7.08 t=1.36 0.18
Education (years)* 9.83 1.90 10.12 2.10 U=349.50 0.60 8.94 2.78 U=785.50 0.07
Methadone (mg/day)® 40.63 20.56 44.65 25.90 t=0.53 0.60 - - - -
Past heroin use (years)® 11.31 7.60 14.26 7.71 U=314.50 0.14 - - - -
Note: Abbreviations: SD, standard deviation. 2Chi-square test. °t test. “Mann-Whitney U test. *Compare with the whole study group.

Table 2: Executive function in the study groups.

ALDH2 GG ALDH2 AG/AA Statistic (+) p value
Mean SD Mean SD
Modified Wisconsin Card Sorting Test
Category Complete? 5.90 1.09 5.15 1.42 F=534 0.02*
Perseverative Error®t 271 2.80 3.59 3.22 F=229 0.14
Nonperseverative Error®t 4.67 3.23 6.12 3.57 F=3.99 0.05
Verbal Fluencty Test® 33.21 8.63 34.45 8.22 F=0.16 0.82
Color Trails Test
Trail 12* 41.70 16.02 40.38 14.12 F=2.20 0.14
Trail 22* 94.70 23.80 85.53 38.50 F=8.21 0.01*
Interference Score?* 1.48 0.85 1.14 0.57 F=1.84 0.18
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ALDH2 A carriers. To go through the Category
Complete assessment successfully, an individual
needed to initiate, maintain, and terminate
categorization based on an abstract concept [47].
Although statistical significance was not reached,
the trend of lower performances by ALDH2 A
carrier was present in other indices, such as more
preservative and non-preservative errors, in the
M-WCST. Therefore, the present study suggests
relative vulnerability in ALDH2A allele carriers
to progress to impairment in learning, rule
following, and decision making, with opiate use.

In analyzing set-shifting among the study groups,
we found that the ALDH2 A allele carrier
performed significantly better in the Trail 2 but
insignificantly in the Trail 1 and the Interference
Index in the CTT. Considering that CTT
evaluated different functions simultaneously, the
success ALDH2 A allele carriers had may reflect
the insensitivity of the assessment instead of a
true measure of set-shifting functions.

Although one way to explain this success might
be faster processing speed and set-shifting, we
propose otherwise. First, results from assessment
of ALDH2 A patients’ processing speed (Trail
1) and set-shifting (Interference Index) did not
reach a significant difference between the study
groups. Secondly, previous literatures have not
shown that damaged dopaminergic system
could lead to improved- or even intact- set-
shifting skills. More studies would therefore be
needed to conclude a protective role of ALDH2
A allele in the abilities of set-shifting. Another
proposal that might explain ALDH2 A patients’
significantly higher score on Trial 2 raises the
point of impulsivity associated with this patient
group. CTT is a timed assessment; the time
required before tasks execution were recorded.
Therefore, participants who went through the
tests faster would have been scored higher, given
the same percentage of response accuracy. If the
tasks that the participants were asked to do were
easy enough to answer right away, immediate
responses naturally led to better performances.
In our opinion, the better performance on
CTT in ALDH2 A carriers in the current study
may be attributed to impulsiveness and lack of
planning. However, its detailed mechanism
remains unclear. More researches with more
sensitive set-shifting tests are needed to confirm
this hypothesis.

Previous studies of ALDH2 and cognitive
function focused on the genotype’s relation with
highly prevalent neurodegenerative diseases,

like AD and PD. Although etiologies of AD
and PD are different from that of opiate use
in our study, these diseases share common
clinical characteristics of cognitive function
decline and toxic aldehydes- induced damage
to the dopaminergic system that underlies
the pathology. Many studies have reported
relations between ALDH2 and the incidence
of AD [48,49] and PD [32,33], but the results
remained controversial. Out of the studies that
conducted cognitive function tests, only Kim
et al. reported that cognitive function were not
related to ALDH2 A allele in AD [25]. Yu et
al., on the other hand, reported that ALDH2 A
carrier performed worse in cognitive functions
compared to patients without the ALDH2 A
allele [34].

We also arranged some cognitive function
tests in the current study, specifically to
evaluate executive functions. Intrigued by the
pathophysiology of toxic aldehydes in dopamine
metabolism, we picked opiate users as our study
groups because an altered dopamine system
activity underlies the pathological lesion.

In the course of exploring the effects of ALDH2,
there were several breakthroughs in the current
study. First, we extended the patient base to
opiate users, whose pathology are different from
AD and PD, yet are nonetheless characterized
by dopaminergic system involvement. Second,
we selected executive function tests specific to
prefrontal cortex, which are more sensitive to
cognitive decline, so that the ALDH?2 effect can
be seen more distinctly. Lastly, we expanded the
patient age range of ALDH2 related studies to
those in a younger generation (43 in average).

Nevertheless, there were some limitations to our
study. First, we did not recruit normal controls in
our studies, which restricted the generalizability
of results. Second, the sample size the study
ended up with was relatively small, which may
be due to the substance users’ trait- dropped out
easily; future studies that target opiate users as
the study groups might devise a study-adherence
plan to minimize the percentage of study drop-
outs. Last, even though we had arranged several
tests covering subdomains under the executive
function, such as planning, verbal fluency, set-
shifting, and processing speed, in the scope
of construction of executive function, there
remains uncovered territories that have yet to be
evaluated by the present study, such as working
memory. Further research will be needed to
explore this issue.
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To the best of our knowledge, there has not
been a study conducted on the effect of ALDH2
genotype on executive function in opiate users.
Hence, the subject became the purpose of the
current study. In brief, our study was based
on (1) the influence of ALDH2 genotype
on aldehydes metabolism (2) the process of
aldehyde formation in dopamine metabolism (3)
dopamine projection pathway in the prefrontal
cortex, related to executive function (4) effects
of opiate use on the dopaminergic system. We
analyzed the relation between ALDH2 genotypes
and executive functions in opiate users and
found that participants with ALDH2 A exhibited
impaired planning abilities when compared to
those with ALDH2 GG genotype, and this finding
suggests that carriers of ALDH2 A allele may
experience relative vulnerability in their planning
skills with opiate use, providing more evidence that
opiate usage may harm cognitive functions. These
results still need more meticulous and longjtudinal
studies to verify and confirm.
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