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Abstract

Background: Vasospastic angina is caused by vasospasm of the
coronary arteries. Aldehyde dehydrogenase 2 (ALDH?2) is involved
in nitroglycerin metabolism and reduces oxidative stress, thereby
suppressing vasospasm. However, it is unclear whether a change
in the expression level of human ALDH2 in the blood correlates
with the regulation of vasospastic angina.

Methods: This was a retrospective study of patients who had
undergone coronary angiography (CAG) owing to angina; 2,326
patients underwent CAG, and 195 underwent an intracoronary
ergonovine provocation test because of suspected vasospastic
angina symptoms and no significant stenosis on baseline CAG.

Results: Vasospastic angina was present in 39% of the subjects,
as determined by the ergonovine provocation test. The difference
in ALDH2 concentration before and after the provocation test was
much larger in the positive provocation group (-10.002 + 4.53, p =
0.03 vs. -4.486 + 3.469, p = 0.199).

Conclusions: The concentration of human ALDH?2 in the blood is
associated with vasospastic angina.

Introduction

In 1959, Prinzmetal et al. described 32 cases of a variant form
of angina characterized by rest pain associated with transient ST-
segment elevation. The angina episodes often recurred, frequently
waking the patient [1]. In addition, coronary spasm has been
shown to play a key role in several cases of variant angina [2,3].

The prevalence of variant angina is apparently higher in East Asian
populations than in their Western counterparts [4,5]. For example,
in a recent study of 2,129 patients in the VA-Korea (Vasospastic
Angina in Korea) registry, the positivity rate of ergonovine
provocation was 21.3% [6].

The pathogenesis of coronary spasms is multifactorial and
heterogeneous among different populations. Several studies have
reported that the parasympathetic nervous system may play a role
in the pathogenesis of coronary spasms and coronary vascular
smooth muscle hyperactivity [7,8]. Endothelial cell dysfunction
and deficiency in nitric oxide activity also contribute to the
pathogenesis of coronary spasms [3]. Environmental factors such
as smoking, insulin resistance, and alcohol consumption might
also be considered pathogenic contributors [5,9].

East Asian variants of the aldehyde dehydrogenase 2 (ALDH2)
ALDH2*2 genotypes are associated with vasospastic angina [10].
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Two main variants of ALDH2 in East Asian populations; arise from
replacing glutamate (Glu) at position 487 with lysine (Lys). The Glu
allele (also designated ALDH2*1) encodes a protein with normal
catalytic activity, whereas the Lys allele (ALDH2*2) encodes
an inactive protein. As a result, Lys/Lys homozygotes have no
detectable ALDH2 activity. Furthermore, because the Lys allele
acts semi-dominantly, ALDH2 Lys/Glu heterozygotes have far less
than half the ALDH2 activity of Glu/Glu homozygotes; in fact, the
reduction in ALDH2 activity in heterozygotes is more than 100-
fold [11]. Genetic variants of ALDH2 are commonly found in as
many as 35%—45% of East Asians (Chinese, Japanese, Koreans,
and Taiwanese) but are rare or absent in other ethnic populations
worldwide [12,13].

Human ALDH2, one of 19 functional ALDH genes, has the
chromosomal locus 12924 and encodes a 517-amino acid
polypeptide with mitochondrial subcellular localization [11,14].

ALDH?2 plays a key role in oxidizing endogenous aldehyde products
that arise from lipid peroxidation under oxidative stress, such as
4-hydroxy-2-nonenal (4-HNE) and malondialdehyde (MDA), as well
as environmental aldehydes [15,16].

ALDH2
during cardiac ischemia and reperfusion injury in models of

The cardiac protective effects of mitochondrial

ethanol-mediated cardiomyopathy and heart failure have been
demonstrated by using a variety of ALDH2 transgenic mice [17,18].
In summary, the positive role of ALDH2 in reducing oxidative
stress by detoxifying reactive aldehydes may contribute to cardiac
protection.

Moreover, ALDH2 is involved in the metabolism of nitroglycerin
when it is used as a vasodilator. ALDH2 plays an essential role

in the bioconversion of nitroglycerin to nitric oxide to achieve its
vasodilating effects [4,19]. Therefore, ALDH2 is expected to play
an important role in vasospastic angina. However, little active
research has been undertaken on the role of ALDHZ in disorder.

To date, only studies on the genetic deficiency of ALDH2 have
been undertaken, and the quantitative investigation of human
ALDH?2 expression levels in the blood has not yet been carried out.
Therefore, in this study, we investigated whether a change in the
human ALDH2 expression level in the blood plasma correlates
with the regulation of vasospastic angina.

Our aims were:

1. To compare and analyze the characteristics of the positive
and negative cases of vasospastic angina revealed by
intracoronary ergonovine provocation tests.

2. Todeterminetheblood plasmahuman ALDH2 concentration
in vasospastic angina cases.

3. To
vasospastic angina.

investigate the correlation between ALDH2 and

Materials and Methods

Study design and participants: This was a retrospective study
of patients who underwent coronary angiography (CAG) in
Chuncheon Sacred Heart Hospital between June 2011 and
October 2014. Of those patients, 2,326 underwent CAG, and 203
underwent an intracoronary ergonovine provocation test because
of suspected vasospastic angina symptoms and no significant
stenosis on baseline CAG. One hundred and eighty-five patients
for whom medical history and blood sample diagnosis information
were available were included as study subjects (Figure 1).
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Figure 1: Flowchart of the enrolment of patients with chest pain and symptoms indicative of vasospastic angina with no significant stenosis on baseline coronary angiography.
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The included subjects completed a survey and submitted a blood
sample that met the diagnostic criteria for coronary artery disease.
In addition, arterial blood samples were collected via a trans-radial
catheter to compare ALDH2 concentrations before and after the
ergonovine provocation test. The plasma was extracted from
the blood samples by centrifugation and was stored at -72°C.
The patient records were subsequently reviewed to investigate
vasospastic angina’s prevalence and relevant risk factors.

Ethics statement: The study protocol was approved by the
Cardiology Ethics Committee, the institutional review board of
Chuncheon Sacred Heart Hospital (IRB No. 2017-36). The IRB
confirmed informed consent.

CAG and provocation test for vasospastic angina: Diagnostic CAG
was performed via the trans-radial approach. After confirming the
absence of significant coronary artery stenosis, incremental doses
of ergonovine were infused into the left coronary artery. Ergonovine
was then injected in the following order: E1 (20 ug), E2 (40 ug), and
E3 (60 pg), with 2-minute intervals between consecutive doses.
CAG was performed 2 minutes after completion of the injection.
In the event of an ischemic change on the electrocardiogram
(ECG) or a chest symptom, angiography was performed at the
time of onset. In the event of a negative provocation test result,
a right coronary provocation test was performed 5 minutes later.
Coronary spasm during the ergonovine provocation test was
defined as “transient, total, or subtotal occlusion (stenosis of
> 90%) of a coronary artery with signs of myocardial ischemia
(angina pain and ischemic ST changes)” [20]. Once coronary
spasm had been induced, a sufficient dose of nitroglycerin was
administered to each coronary artery, and angiography was
performed while the coronary artery was maximally dilated. Aortic
pressure, 02 saturation, and ECG signals were recorded during the
procedure.

Classification of negative and positive provocation test results: A
classic definition of a positive provocative test result for coronary
artery spasm is that the test must induce all of the following
responses to the provocative stimulus: (i) reproduction of the usual
chest pain, (i) ischemic ECG changes, and (iii) vasoconstriction of
>90% on angiography. The test result is considered equivocal if the
provocative stimulus does not induce all three components. The
consensus from the Coronary Vasomotion Disorders International
Study Group (COVADIS) symposium was that vasoconstriction of
>90% is the angiographic threshold for the diagnosis of inducible
spasm [21]. In this study, the provocation test results were
classified into four groups as follows: negative, positive, equivocal
positive, and mixed positive. Except for the mixed positive group,
none of the groups had significant coronary artery stenosis on
baseline CAG. The mixed positive group had 50%—-70% coronary
artery stenosis without stent implantation. The four groups are
described as follows:

1. The negative group: insignificant stenosis (stenosis of <
50%) with luminal narrowing of < 50% after an intracoronary
ergonovine provocation test with or without atypical chest
symptoms and signs.

2. The definite positive group: insignificant stenosis (stenosis
of < 50%) with luminal narrowing of > 90% after an
intracoronary ergonovine provocation test with ischemic
chest symptoms or signs.

positive  group:

(stenosis of < 50%) with luminal narrowing of 70%-90%

3. The equivocal insignificant  stenosis
after an intracoronary ergonovine provocation test with
ischemic chest symptoms or signs.

4. The mixed positive group: coronary artery stenosis (stenosis
of 50%-70% without stent implantation) with luminal
narrowing of > 90% after an intracoronary ergonovine
provocation test with ischemic chest symptoms or signs.
The positive provocation group included both the positive
group and the equivocal positive and mixed positive groups.
This classification was considered suitable for determining
therapeutic approaches by a clinician (Figure 2).

Enzyme-linked immunosorbent assay (ELISA) for ALDH2: A
double-sandwich ELISA was performed to determine human
ALDH?2 concentrations. All the experiments were performed
using commercially available ALDH?2 kits (Cusabio, Hubei, China),
following the manufacturer's protocols. Standards and samples
were added to the precoated well and incubated for 2 hours at
37°C, then removed from the well. Biotin antibody was added to
each well and incubated for 1 hour at 37°C. The well was washed
three times with a wash buffer. A horse radish peroxidase-avidin
conjugate was added to each well and incubated for 1 hour at
37°C. The well was washed five times with a wash buffer. A
tetramethylbenzidine substrate solution was added to each well
and incubated for 15 minutes at 37°C in the dark. A stop solution
was then added to each well. Optical density was measured at a
wavelength of 450 nm using a filter-based microplate photometer
(Multiskan™ FC, Thermo Scientific™, Massachusetts, USA).

Data analysis: R language version 3.1.1 (R Foundation for
Statistical Computing, Vienna, Austria) was used for all statistical
analyses. The differences between pairs of groups, analyzed and
divided according to baseline characteristics and provocation
results, were determined. The data obtained are expressed
as mean + SD or median for continuous variables and number
(percentage) for categorical variables. One-way analysis of
variance with a T-test was performed on the positive provocation
group, which comprised the definite positive, the equivocal
positive, and the mixed positive groups. Chi-square or Fisher
exact test was performed to test the hypothesis of the association
between categorical variables and vasospastic angina, defined
according to the provocation test results. A p-value of < 0.05 was
considered statistically significant.
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Figure 2: Classification of negative group and positive group according to ergonovine provocation test.

Results

Demographic attributes and clinical parameters of the subjects:
As described earlier, the final analysis included 195 subjects (119
men and 76 women), excluding those in which the human ALDH2
level could not be measured. The positive group accounted for 39%
of the study subjects (76/195), and the negative group accounted
for 61% (119/195). There were no significant differences between
the groups’ risk factors for coronary artery diseases and medical
history (Table 1).

Analysis of human ALDH2 concentration using the intracoronary
ergonovine provocation test: Blood sampling via a radial catheter
was performed before and after the intracoronary ergonovine
provocation test with CAG. In the negative group, the ALDH2
concentrations before and after CAG were 13.73 + 36.18 and
9.24 + 24.76 ng/mlL, respectively (Table 1). In the positive group,
the ALDH2 concentrations before and after were 19.79 + 41.13
and 9.79 + 21.38 ng/mL, respectively. Moreover, in the positive
provocation group, the change in ALDH2 concentration was
greater than in the negative provocation group (standard error of
the mean: -10.002 + 4.53, p = 0.03 vs. -4.486 + 3.469, p = 0.199;
Table 2).

Discussion

The human ALDH2 gene, one of 19 functional ALDH genes, is
expressed in many tissues, especially in the liver, kidney, and
muscle. It is also present in organs with abundant mitochondrial
content, including the heart and brain [22]. Guo et al. reported

that ALDH polymorphisms were associated with an increased
risk of coronary artery disease, possibly because of interfering
high-density lipoprotein cholesterol (HDL-C) and endothelial
asymmetric dimethylarginine levels [10,23]. Xu et al. reported that
ALDH polymorphisms could be considered a genetic risk marker
for the acute coronary syndrome [24]. Recent studies have shown
that ALDH2 polymorphisms that inactivate ADLH2 may contribute
to cardiovascular diseases. However, the role of ALDH2 in the
cardiovascular system has not yet been ascertained. Moreover,
human ALDH2 plasma levels have not been elucidated.

This is the first study investigating the ALDH2 concentration in
human vasospastic angina.

According to the intracoronary ergonovine provocation test, the
study showed that vasospasm was induced in 39% of the subjects.
The baseline human ALDH2 concentrations differed between the
negative and positive provocation groups. The mean baseline
ALDH?2 value was higher in the positive provocation group than
in the negative provocation group (mean + SD, 19.79 + 41.13 vs.
13.73 £ 36.18; Figure 3).

The difference in ALDH2 concentration was much larger in the
positive provocation group than in the negative provocation group
(-10.002 + 4.53 vs. -4.486 + 3.469; Table 2). This result could be
due to the higher baseline ALDH2 concentration in the positive
provocation group compared with that in the negative provocation

group.
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Table 1: Baseline characteristics in terms of demographic attributes and clinical parameters according to vasospastic angina type.

Variable Subgroup Negative provocation group Positive provocation group | p-value
No. of samples, N (%) 119 (61) 76 (39)

Age (years) 56.71+12.74 58.89+11.05 0.206
Sex Male 58 (48.7) 49 (64.5) 0.045
Body mass index, kg/m? 25.28+3.34 24.89 +3.58 0.457
Alcohol consumption 42 (35.3) 37 (48.7) 0.088
Risk factors of coronary artery diseases

Hypertension 52 (43.7) 40 (52.6) 0.284
Diabetes 18(14.9) 9(15.5) 1
Current smoking 23(19.3) 22 (28.9) 0.167
Dyslipidemia 2521) 12 (15.8) 0.472
History of coronary artery disease 2(1.7) 5(6.6) 01120
Family history of coronary artery disease 6 (5) 5(6.6) 0.7530
Medical history

Aspirin 24(20.3) 25(32.9) 0.073
ACEI/ARB 22 (18.6) 17 (22.4) 0.654
CCB 12(10.3) 6(8) 0.787
Statin 34(28.8) 31 (40.8) 0117
Laboratory findings

Hemoglobin, g/dL 13.74+1.72 1413+ 1.52 0.095
Glucose, mg/dL 108.73 + 32.51 108.3+29.49 0.925
HbATc, % 5.85+0.87 5.85+0.82 0.987
Creatinine, mg/dL 0.97+0.71 0.98+0.87 0.947
hsCRP, mg/L 7.41+2339 3.53+7.79 0.157
Lipid profiles

Total cholesterol, mg/dL 17595+ 421 165.72 +42.24 0.101
Triglyceride, mg/dL 122.4+90.88 136.85+75.82 0.235
HDL cholesterol, mg/dL 50.8+12.48 47.67 +12.74 0.095
LDL cholesterol, mg/dL 100.52 + 31.76 97.61+41.79 0.608
Cardiac marker

Baseline CKMB, IU/L 11 +£1.11 0.93+0.61 0.169
Peak CKMB, IU/L 2.04+1.88 2.23+3.28 0.639
Baseline troponin |, ng/mL 0.05+0.47 0.01+0.02 0.327
Peak troponin |, ng/mL 0.15+£1.28 0.42+2.66 0.412
NTproBNP, pg/mL 63.8 +169.57 57.62+106.16 0.759
preALDH2, ng/mL 13.73+36.18 19.79+41.13 0.294
postALDH2, ng/mL 9.24+24.76 9.79+21.38 0.869
Cardiac function

LVEF, % 62.15+7.3 62.33+7.7 0.868
Mitral E/e 1095+ 4.16 11.44+4.19 0.434

ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; CCB: calcium channel blocker; CKMB: creatine kinase-MB; HbATc:

glycated hemoglobin; HDL: high-density lipoprotein; hsCRP: high-sensitivity C-reactive protein; LDP: low-density lipoprotein; NTproBNP: N-terminal of the

prohormone brain natriuretic peptide; preALDH2: baseline aldehyde dehydrogenase 2 level before provocation test; postALDHZ2: aldehyde dehydrogenase

2 level after provocation test. The data are presented as mean + SD or N (%), p-value by chi-square test, or p-value( by Fisher exact test.

Table 2: Paired T test of the differences between pre- and post-provocation ALDH2 levels according to vasospastic angina types.

Variable Negative provocation group Positive provocation group
Mean + SE p-value Mean + SE p-value
Post ALDH2 - preALDH2 | -4.486 + 3.469 0.199 -10.002 + 4.53 0.03
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The human ALDH2 concentration in the peripheral blood after the
provocation test was not significantly different because there is a
large amount of mitochondrial ALDH?2 in the liver and heart, and
ALDH2 has rapid metabolic activity in these tissues.

In summary, if a stimulus is applied to the cardiovascular system,
serum ALDH2 is consumed to stimulate reactions. Thus, in a
short time, the serum ALDH2 level is reduced to a lower level than
is normal. Then, over time, a large amount of ALDH2 is activated
and secreted into the circulating blood from mitochondrial tissue.
When repeated, this cycle became a factor contributing to the
elevated baseline ALDH2 level in the positive provocation group
owing to coronary vasospasm (Figure 4).

Several limitations of the present study should be mentioned:

The study was based on retrospective data.

2. We did not perform the ELISA test repeatedly for accurate
measurement of mitochondrial ALDH2 concentration in the
plasma.

3. Bloodsamples were stored foralongtime,and the ELISA test
could not detect deterioration of the plasma. Despite these
limitations, this analysis could provide helpful information
about the clinical features of patients who underwent the
ergonovine provocation test and the investigation of human
ALDH2 concentration.
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Figure 3: Difference between the pre- and post-provocation levels of aldehyde dehydrogenase 2 (ALDHZ2) in patients with chest pain stratified according to the response to

the ergonovine provocation test.
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Figure 4: Cycle of mitochondrial ALDH2 activation in vasospastic angina.
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Conclusions

ALDH?2 concentration levels were more elevated in the positive
provocation group than in the negative provocation group, and the
difference in ALDH2 concentration was much larger in the positive
provocation group.
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