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Aim: The fact that low concentrations of high-density lipoprotein cholesterol are associated with the risk of car-
diovascular disease is well known, but high-density lipoprotein metabolism has not been fully understood. Apoli-
poprotein A2 (ApoA2) is the second-most dominant apolipoprotein of high-density lipoprotein. We tested the
hypothesis that ApoA2 isoforms are inversely associated with myocardial infarction.

Methods: We measured the plasma levels of three ApoA2 isoforms (ApoA2-ATQ/ATQ, ApoA2-ATQ/AT,
ApoA2-AT/AT) in nested case-control study samples of 1:2 from the Japan Public Health-Center-based Study
(JPHC Study): 106 myocardial infarction incidence cases and 212 controls.

Results: ApoA2-AT/AT was inversely associated with risk of myocardial infarction, in a matched model (OR,
2.78; 95% CI, 1.26-6.09 for lowest compared with the highest quartile), but its association was attenuated after
adjustment for smoking only (OR=2.13; 95% CI, 0.91-4.97) or drinking only (OR=2.11; 0.91-4.89), and the
multivariable OR was 1.20 (95% CI, 0.41-3.57). Neither ApoA2-ATQ/ATQ nor ApoA2-ATQ/AT was associ-
ated with the risk of myocardial infarction.

Conclusions: Our nested case-control study did not show a significant association of ApoA2 isoforms with a
risk of myocardial infarction.
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population?. In the Japan Public Health Center-based

Introduction Prospective Study (JPHC Study), HDL cholesterol

High-density lipoprotein (HDL) is well known
as a protective factor against atherosclerosis and coro-
nary heart disease. Several prospective studies con-
firmed that HDL cholesterol was inversely associated
with the risk of cardiovascular disease in the general

concentrations were inversely associated with the risk
of coronary heart disease?. However, a series of drug
trials to increase plasma HDL cholesterol levels did
not demonstrate a reduction in mortality from coro-
nary heart disease in patients treated with statins®”.
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These results suggest that no causal relationship might
exist between HDL cholesterol and coronary heart
disease. Therefore, more attention was paid to HDL
metabolism, especially to the HDL proteome®. HDL
consists mainly of apolipoproteins (apolipoprotein Al
[ApoAl], apolipoprotein A2 [ApoA2]), phospholipids,
and cholesterol. ApoAl is the most dominant of the
apolipoproteins of HDL and exhibits anti-atherogenic
properties according to animal and cell studies”. Con-
versely, ApoA2 is the second-most dominant apolipo-
protein of HDL; however, its pathophysiological role
has not been clarified. Many studies were conducted
on HDL subtypes; LpA-I:A-II containing both ApoAl
and ApoA2, and LpA-I containing no ApoA2 but only
ApoAl, which investigated the relationship between
these subtypes and risk of cardiovascular events. How-
ever, a difference in the function between these sub-
types has been unclear®'?. ApoAl and ApoA2 were
linked to HDL structure and function'?; and stud-
ies using transgenic animal models suggested that
ApoA2 exhibits potent anti-inflammatory and anti-
oxidant effects, which may contribute to protection
from atherosclerosis® '?. A nested case-control study
in the European Prospective Investigation into Cancer
and Nutrition-Norfolk cohort showed a significant
inverse association between ApoA2 and risk of future
coronary artery disease®.

ApoA2 and ApoAl exhibit a similar tandem
array of amphipathic a-helices®. As for ApoAl, a
recent 77 vitro study showed that the C-terminal cleav-
age of ApoAl at Ser’, positioned in a-helix 10 of
ApoAl, was mediated by human monocyte-derived
macrophages, reducing the anti-atherogenic properties
of ApoAl. The authors also confirmed that the C-ter-
minal cleavage of ApoAl was also detected in human
carotid plaque'?.

Honda ez al. previously reported that five circu-
lating isoforms of ApoA2 were characterized by the
truncation of varying numbers of amino acids from
the C-terminus of the ApoA2 homodimer'”. They are
ApoA2-ATQ/ATQ (ApoA2-1, 17,380 Da), ApoA2-
ATQ/AT (ApoA2-2, 17,252 Da), ApoA2-AT/AT
(ApoA2-3, 17,124 Da), ApoA2-AT/A (ApoA2-4,
17,023 Da), and ApoA2-A/A (ApoA2-5, 16,922 Da).
All five isoforms can be measured according to differ-
ences in molecular weight by using mass spectrome-
try-based proteomic analysis. That report’ showed
that ApoA2-ATQ/AT would be useful to diagnose
early-stage pancreatic cancer. Moreover, novel sand-
wich ELISAs that provide for robust and rapid analy-
sis of three ApoA2 isoforms (ApoA2-ATQ/ATQ,
ApoA2-ATQ/AT, ApoA2-AT/AT)'® 7 brought an
expectation that it could be used as a screening test for
pancreatic cancer. Although determinants of variations
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in blood levels of ApoA2 isoforms were not elucidated,
they might also be associated with risk of cardiovascu-
lar disease since ApoA2 is a component of HDL, and
pancreatic cancer and cardiovascular disease share
common risk factors such as smoking and diabetes.
Therefore, we conducted a nested case-control study
to test the hypothesis that three major ApoA2 iso-
forms are inversely associated with myocardial infarc-
tion.

Methods

Study Population

The JPHC Study began in 1990 with Cohort I
and followed in 1993 with Cohort II in 11 public
health center areas throughout Japan. Details of the
study design were reported previously'. Two public
health center areas (Tokyo and Osaka) were excluded
from the present study because data related to cardio-
vascular disease incidence were not available. The
study population was defined as all residents (z=
116,896) aged 40 to 59 years for Cohort I and 40 to
69 years for Cohort II at baseline. Of these, 220 were
excluded because of non-Japanese nationality (z=51),
late report of emigration occurring before the start of
the follow-up period (2=166), and incorrect birth
date (n=3), leaving 116,676 residents eligible for the
study. Informed consent was considered to be implic-
itly provided by each participant at the time they filled
in the baseline questionnaire, which described the aim
of the study as well as its follow-up. The study was
approved by the institutional review boards of the
National Cancer Center, Tokyo and Osaka University,
Osaka, Japan.

Baseline Surveys

A baseline self-administered questionnaire on
various aspects of lifestyle was given to participants in
1990 for Cohort I and in 1993 and 1994 for Cohort
I1. The overall response rate was 82%, giving 95,374
respondents who were included in the JPHC Study
cohort. A trained technician measured blood pressure
in the right arm using a standard mercury sphygmo-
manometer, with the participant in the sitting posi-
tion after resting for at least five minutes. Body mass
index (BMI, kg/m?) was calculated as weight divided
by the square of height. The concentrations of total
cholesterol, HDL cholesterol, triglycerides, and glu-
cose in the blood were measured by conventional
enzyme methods.

Among the study participants, 34,085 provided
10-ml samples of venous blood. The samples were col-
lected into vacutainer tubes containing heparin at the
time of the health examinations, conducted in the
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same year as the baseline survey. They were divided
into plasma and buffy layers and stored at —=80C until
analysis. Of all the blood samples, 41% were obtained
8 hours or more after the last meal.

Follow-Up Surveillance

We followed the study participants until Decem-
ber 31, 2002. Those who died or moved to other
municipalities were identified annually through resi-
dential registries in their public health center area.
Among the study participants, 9.9% moved away, and
0.2% were lost to follow-up during the study period.

The records of a total of 78 major hospitals
located in the study communities and capable of treat-
ing patients with myocardial infarction were systemat-
ically surveyed for the occurrence of myocardial
infarction. Physicians, blinded to the patient lifestyle
data, reviewed the medical records at the admitting
hospital.

Myocardial infarction events were included in
the study if they occurred after the date of return of
the baseline questionnaire and before January 1, 2003.
We confirmed myocardial infarction by medical
records according to the criteria of the Monitoring
Trends and Determinants of Cardiovascular Disease
project, which requires typical chest pain and evidence
from an electrocardiogram, cardiac enzymes, or
autopsy records'”. For cases with typical prolonged
chest pain (= 20 min) but not confirmed by electro-
cardiograms or cardiac enzymes, we diagnosed them
as a possible myocardial infarction and included in the
myocardial infarction cases.

Selection of Case and Control Participants

During the study period, 106 myocardial infarc-
tions occurred among the 29,876 participants (10,334
men and 19,542 women) who returned the baseline
questionnaire, reported no history of myocardial
infarction, angina pectoris, stroke, or cancer, and pro-
vided blood samples. Two controls for each myocar-
dial infarction case were selected by matching for sex,
age (within two years), date of blood sampling (within
three months), time since last meal (within 4 hours),
and study location (public health center area).

Laboratory Assays

Honda et al. established sandwich ELISAs mea-
suring ApoA2-ATQ and ApoA2-AT"). Measurements
of ApoA2-ATQ/ATQ and ApoA2-AT/AT were per-
formed by the use of an ApoA2i measurement kit
(Human ApoA2 C-terminal ApoA2 ELISA Kit; Toray
Industries, Inc., Tokyo, Japan), which uses antibodies
specific for each of the homodimers, according to the
instruction manual. Then the concentration of

ApoA2-ATQ/AT heterodimers was calculated by the
formula:

Equation-1: ApoA2-ATQ/AT =(ApoA2-ATQ*
ApoA2-AT) A1/21617:20,

We measured the plasma levels of three ApoA2
isoforms (ApoA2-ATQ/ATQ, ApoA2-ATQ/AT, and
ApoA2-AT/AT) in our nested case-control study sam-
ples. We used sandwich ELISAs measuring ApoA2-
ATQ and ApoA2-AT to quantify ApoA2-ATQ/ATQ,
ApoA2-ATQ/AT, and ApoA2-AT/AT. The intra-assay
and inter-assay coefficient of variance were both less
than 15 % according to the data provided by the man-
ufacturing company. All the laboratory personnel were
blinded to case or control status.

Statistical Analyses

Pearson correlation coefficients between ApoA2
isoforms were calculated. ApoA2 isoforms were
divided into quartiles according to plasma levels in the
controls. We used a two-way analysis of variance tests
to compare the baseline characteristics of the cases and
controls. As for the comparison of baseline character-
istics across quartiles of ApoA2 isoforms, one-way
analysis of variance tests was used for comparing con-
tinuous variables, while chi-square tests and Fisher
exact tests were used for comparing categorical vari-
ables. Because triglycerides were not normally distrib-
uted, we applied the Kruskal-Wallis test.

Conditional odds ratios (ORs) and 95% confi-
dential intervals (95% Cls) were estimated using a
conditional logistic regression model. The potential
confounding variables included in the multivariable
model were BMI (quartile), systolic blood pressure
(quartile), antihypertensive medication use, diabetes
mellitus (a fasting glucose level of > 7.0 mmol/L, a
non-fasting level of > 11.1 mmol/L, or the use of
medication for diabetes), smoking (never smoker, past
smoker, and current smoker), and drinking (non-
drinker, occasional drinker, and current drinkers of 1
to 149, 150 to 299, 300 to 449, and > 450 g/week)
(model 1), and we additionally adjusted for HDL
cholesterol (quartile) and triglycerides (quartile)
(model 2). BMI, systolic blood pressure, HDL choles-
terol, and triglycerides were categorized into quartiles
based on the distribution among the control partici-
pants. Missing data for any covariates in the analysis
were treated as separate categories. All calculations
were performed using SAS version 9.4 software (SAS
Institute, Cary, NC, USA). All p values for the statisti-
cal tests were two-tailed, and p values <0.05 were
considered significant.
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Table 1. Baseline characteristics of the case and control participants in the JPHC study

Cases Controls
n=106 n=212 P for difference
Age,y 57.4 57.2 -
Male, % 69.8 69.8 =
Body mass index, kg/m? 24.4 23.7 0.06
Systolic blood pressure, mmHg 141.3 135.2 0.01
Diastolic blood pressure, mmHg 81.9 80.6 0.45
Total cholesterol, mmol/L 214.0 206.9 0.20
HDL cholesterol, mmol/L 49.3 54.5 0.02
Triglycerides, mmol/L 163.4 127.4 0.003
Antihypertensive medication use, % 30.8 18.7 0.01
Hypertension, % 66.3 53.0 0.04
Diabetes mellitus, % 21.1 9.6 0.005
Current smoker, % 49.1 29.7 <0.001
Alcohol intake > 1 day/week, % 61.1 67.9 0.31
Alcohol intake > 3 days/week, % 47.2 62.8 0.01
Sports during leisure time > 1 time/week, % 26.0 19.5 0.20
Sports during leisure time > 3 time/week, % 13.0 10.5 0.63

Values shown are means or proportions. P for difference was calculated using a two-way analysis of variance tests. Hypertension: systolic blood pres-
sure > 140 mmHg, diastolic blood pressure > 90 mmHg, or antihypertensive medication use. Diabetes mellitus: fasting glucose level of = 7.0 mmol/

L, non-fasting level of 2 11.1 mmol/L, or use of medication for diabetes.

Results
From 1990 to 2002, we identified 106 (74 men

and 32 women) incident cases of myocardial infarc-
tion. Three ApoA2 isoforms (ApoA2-ATQ/ATQ,
ApoA2-ATQ/AT, ApoA2-AT/AT) were measured in
106 cases and the matched 212 controls. ApoA2-
ATQ/ATQ and ApoA2-AT/AT were negatively corre-
lated (r=-0.624, p<0.001). No correlation was found
between ApoA2-ATQ/ATQ and ApoA2-ATQ/AT
(r=0.100, p=0.074), and a positive correlation was
found between ApoA2-ATQ/AT and ApoA2-AT/AT
(r=0.586, p<0.001).

Table 1 shows the risk characteristics of the cases
and controls. The average age at the baseline survey
was 57 years, and the proportion of men was 70% for
both the cases and the controls. The prevalence of
antihypertensive medication use, hypertension, diabe-
tes mellitus, and current smoking were higher for
myocardial infarction cases than for their controls,
while the prevalence of current drinkers (alcohol
intake > 3 days per week) was lower for the cases than
for the controls. The mean values of systolic blood
pressure and triglycerides were higher for the cases
than for their controls. The mean values of HDL cho-
lesterol were lower for the cases than for their controls.

Table 2 and Supplementary Tables 1 and 2
show the main characteristics of the controls divided
into quartiles of ApoA2 isoforms. Generally, positive
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correlations with systolic blood pressure, total choles-
terol, HDL cholesterol, and alcohol intake were
observed for ApoA2-AT/AT and ApoA2-ATQ/AT, but
not for ApoA2-ATQ/ATQ. BMI tended to be posi-
tively correlated with ApoA2-ATQ/ATQ.

Next, Table 3 shows the matched and multivari-
able-adjusted conditional ORs and 95% confidence
intervals for myocardial infarction according to ApoA2
isoforms. ApoA2-AT/AT was inversely associated with
risk of myocardial infarction in the matched model,
but not in the multivariable-adjusted model; the
matched and multivariable ORs of myocardial infarc-
tion for the lowest-versus-highest quartiles of ApoA2-
AT/AT were 2.78 (95% CI: 1.26-6.09) and 1.20
(95% CI: 0.41-3.57) (model 2), respectively. The
association did not alter when confounding variables
of HDL cholesterol and triglycerides were excluded
from the model; the odds ratio was 1.30 (95% CI:
0.46-3.71) (model 1). Among the confounding vari-
ables, especially smoking and drinking exhibited a sig-
nificant influence on the results. The inverse associa-
tion between ApoA2-AT/AT and myocardial infarc-
tion was weakened after adjustment for smoking only
(OR, 2.13; 95% CI, 0.91-4.97) or drinking only
(OR, 2.11; 95% CI, 0.91-4.89). When adjusted for
exercise, the results did not differ substantially (data
not shown). ApoA2-ATQ/ATQ and ApoA2-ATQ/AT
were not associated with the risk of myocardial infarc-
tion in either the matched or the multivariable-
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Table 2. Baseline characteristics of controls divided into quartiles of ApoA2-AT/AT concentrations

Quartile of ApoA2-AT/AT
Q1 Q2 Q3 Q4 P for
Range of ApoA2-AT/AT 10.5-58.4 58.5-79.8 79.9-120 121-230 difference
Age, y 56.4 55.7 58.4 58.5 0.15
Men, % 76.9 58.5 68.5 75.5 0.15
Body mass index, kg/m? 24.5 23.9 23.3 23.3 0.15
Systolic blood pressure, nmHg 131.6 136.8 135.9 136.5 0.39
Diastolic blood pressure, mmHg 80.6 82.1 79.0 80.8 0.49
Total cholesterol, mmol/L 197.8 203.0 197.3 229.2 <0.001
HDL cholesterol, mmol/L 52.4 54.1 50.3 61.4 0.004
Triglycerides, mmol/L 112.8 117.6 126.0 151.0 0.24
Antihypertensive medication use, % 23.5 15.7 18.5 17.0 0.75
Hypertension, % 50.0 53.1 56.0 52.9 0.95
Diabetes mellitus, % 9.1 11.6 8.1 9.5 0.97%
Current smoker, % 32.7 28.3 27.8 30.2 0.95
Alcohol intake > 1 day/week, % 61.5 53.8 72.2 83.3 0.03
Alcohol intake > 3 days/week, % 53.8 51.3 63.9 81.0 0.02
Sports during leisure time > 1 time/week, % 25.0 22.4 18.9 12.0 0.39
Sports during leisure time > 3 time/week, % 10.4 16.3 9.4 6.0 0.41

Values shown are means or proportions. P for difference was calculated using a one-way analysis of variance tests or the chi-square test.

Hypertension: systolic blood pressure > 140 mmHg, diastolic blood pressure > 90 mmHg, or antihypertensive medication use. Diabetes

mellitus: fasting glucose level of > 7.0 mmol/L, non-fasting level of > 11.1 mmol/L, or use of medication for diabetes.

"Kruskal—Wallis test. *Fisher exact test.

Table 3. Conditional odds ratios (ORs) and 95% confidence intervals (95% Cls) of incident myocardial infarction associated with

ApoA2 isoforms

Number Matched Model 1 Model 2
cases/controls OR (95% CI) OR (95% CI) OR (95% CI)
ApoA2-ATQ/ATQ
Quartile 1 19/55 0.66 (0.32-1.36) 1.08 (0.44-2.65) 0.91 (0.35-2.37)
Quartile 2 31/54 1.07 (0.55-2.11) 1.71 (0.71-4.10) 1.44 (0.58-3.56)
Quartile 3 29/52 1.08 (0.54-2.13) 1.57 (0.66-3.75) 1.34 (0.54-3.29)
Quartile 4 27151 1 1 1
P for trend 0.246 0.940 0.902
ApoA2-ATQ/AT
Quartile 1 36/54 1.93 (0.95-3.92) 1.54 (0.61-3.88) 1.60 (0.59-4.35)
Quartile 2 33/52 1.77 (0.88-3.59) 1.15 (0.47-2.83) 1.06 (0.41-2.76)
Quartile 3 17/53 0.91 (0.43-1.89) 0.90 (0.36-2.23) 0.85 (0.32-2.27)
Quartile 4 20/53 1 1 1
P for trend 0.016 0.420 0.419
ApoA2-AT/AT
Quartile 1 39/52 2.78 (1.26-6.09) 1.30 (0.46-3.71) 1.20 (0.41-3.57)
Quartile 2 20/53 1.30 (0.60-2.81) 0.62 (0.24-1.62) 0.57 (0.21-1.59)
Quartile 3 29/54 1.87 (0.89-3.93) 1.19 (0.47-2.97) 0.98 (0.36-2.68)
Quartile 4 18/53 1 1 1
P for trend 0.017 0.801 0.970

Matched for age, sex, date of blood sampling, time since last meal, and study location. Model 1: adjusted for body mass index, systolic blood pres-
sure, antihypertensive medication use, diabetes mellitus, smoking, and drinking. Model 2: model 1+HDL cholesterol and triglycerides.
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adjusted model.

Discussion
Among ApoA2 isoforms, only ApoA2-AT/AT

was associated inversely with the risk of myocardial
infarction before adjustment for confounding vari-
ables, but that association was no longer significant
after further adjustments. Originally, ApoA2 isoforms
were found in the process of developing a biomarker
for early detection of pancreatic cancer and was not
studied for its association with cardiovascular diseases.
The present study suggested that ApoA2 isoforms
were not a predictor for the risk of myocardial infarc-
tion, independent of conventional risk factors.

Nonetheless, the fact that the ORs were different
among ApoA2 isoforms is noteworthy; that is, only
ApoA2-AT/AT was associated with risk of myocardial
infarction in the unadjusted model. ApoA2 isoforms
are determined by the cleaved pattern of the C-termi-
nal amino acids of the ApoA2 homodimer. ApoA2-
AT/AT is a light isoform, and its C-terminal amino
acids are shorter than those of ApoA2-ATQ/ATQ and
ApoA2-ATQ/AT. Whether ApoA2 isoforms demon-
strate different anti-atherogenic or pro-atherogenic
functions is uncertain, nor whether lifestyles, such as
smoking and drinking, affect their metabolisms.

Since we, unfortunately, did not measure total
ApoA2, the association between total ApoA2 and the
risk of myocardial infarction was unknown in this
population. A previous study showed a negative asso-
ciation between total ApoA2 and the risk of coronary
artery disease®. Concordantly, the present study
showed inverse trends for the risk of myocardial
infarction with ApoA2-ATQ/AT and ApoA2-AT/AT
isoforms in the matched models, which may partly
explain the association with total ApoA2. However,
the composition of each isoform may not necessarily
proportionally reflect total ApoA2, under a negative
correlation between ApoA2-ATQ/ATQ and ApoA2-
AT/AT.

This prospective nested case-control study was
the first to report the association between ApoA2 iso-
forms and the risk of myocardial infarction. However,
this study demonstrated several limitations. First, we
did not measure ApoA2 concentrations per se or minor
ApoA2 isoforms (ApoA2-AT/A and ApoA2-A/A), and
their association with myocardial infarction could not
be analyzed in the present study. ApoA2-AT/A and
ApoA2-A/A were not measured in this study because
they could not be measured using ELISA. Second, the
nested case-control study design and its limited sam-
ple size might be one of the reasons for the absence of
significant associations between ApoA2 isoforms and
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myocardial infarction. In the present study, all multi-
variable-adjusted associations were 1.60 or less, which
did not reach statistical significance, probably owing
to the limited statistical power. Third, the samples
were stored at ~80°C for more than 10 years, and the
repeatability of the ApoA2 measurements over a long
preservation time was unknown, although the preser-
vation time was almost the same among samples.

Conclusions

This is the first analysis of the association
between ApoA2 isoforms and the risk of incident
myocardial infarction in a prospective nested case-
control study, and all three ApoA2 isoforms did not
show any significant associations. Only ApoA2-AT/
AT was associated with incident myocardial infarction
in the matched model, but its association, if any, may
be less clinically significant than that of HDL choles-
terol.

Acknowledgements

The authors thank Ms. Flaminia Miyamasu,
University of Tsukuba, for editorial assistance. JPHC
members are listed at the following site (as of April

2019): https://epi.ncc.go.jp/en/jphc/781/8390.html

Notice of Grant Support

This study was supported by a National Cancer
Center Research and Development Fund (since 2011)
and a Grant-in-Aid for Cancer Research from the
Ministry of Health, Labour and Welfare of Japan
(from 1989 to 2010).

Conflict of Interest

The authors declared they do not have anything
to disclose regarding conflict of interest with respect
to this manuscript. Kazufumi Honda obtained
research funding from Toray Co., outside the submit-
ted work.

References

1) Castelli WP, Garrison RJ, Wilson PW, Abbott RD,
Kalousdian S, Kannel WB. Incidence of coronary heart
disease and lipoprotein cholesterol levels. The Framing-
ham Study. JAMA, 1986; 256: 2835-2838

2) Saito I, Yamagishi K, Kokubo Y, Yatsuya H, Iso H,
Sawada N, Inoue M, Tsugane S. Association of high-den-
sity lipoprotein cholesterol concentration with different
types of stroke and coronary heart disease: The Japan
Public Health Center-based prospective (JPHC) study.



Apolipoprotein A2 Isoforms and Ml

Atherosclerosis, 2017; 265: 147-154
3) Barter PJ, Caulfield M, Eriksson M, Grundy SM,
Kastelein JJ, Komajda M, Lopez-Sendon ], Mosca L, Tar-
dif JC, Waters DD, Shear CL, Revkin JH, Buhr KA,
Fisher MR, Tall AR, Brewer B; ILLUMINATE Investiga-
tors. Effects of torcetrapib in patients at high risk for cor-
onary events. N Engl ] Med, 2007; 357: 2109-2122
4) Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter
PJ, Brumm J, Chaitman BR, Holme IM, Kallend D,
Leiter LA, Leitersdorf E, McMurray JJ, Mundl H, Nich-
olls §J, Shah PK, Tardif JC, Wright RS; dal-OUT-
COMES Investigators. Effects of dalcetrapib in patients
with a recent acute coronary syndrome. N Engl ] Med,
2012; 367: 2089-2099
5) Keene D, Price C, Shun-Shin M], Francis DP. Effect on
cardiovascular risk of high density lipoprotein targeted
drug treatments niacin, fibrates, and CETP inhibitors:
meta-analysis of randomised controlled trials including
117,411 patients. BMJ, 2014; 349: g4379
6) Remaley AT. Apolipoprotein A-II: still second fiddle in
high-density lipoprotein metabolism? Arterioscler
Thromb Vasc Biol, 2013; 33: 166-167
7) Morton ], Bao S, Vanags LZ, Tsatralis T, Ridiandries A,
Siu CW, Ng KM, Tan JTM, Celermajer DS, Ng MKC,
Bursill CA. Strikingly Different Atheroprotective Effects
of Apolipoprotein A-I in Early- Versus Late-Stage Athero-
sclerosis. JACC Basic Transl Sci, 2018; 3: 187-199
8) Birjmohun RS, Dallinga-Thie GM, Kuivenhoven JA,
Stroes ES, Otvos JD, Wareham NJ, Luben R, Kastelein
JJ, Khaw KT, Boekholdt SM. Apolipoprotein A-II is
inversely associated with risk of future coronary artery
disease. Circulation, 2007; 116: 2029-2035
9) Asztalos BE Demissie S, Cupples LA, Collins D, Cox CE,
Horvath KV, Bloomfield HE, Robins SJ, Schaefer EJ. LpA-
I, LpA-I:A-II HDL and CHD-risk: The Framingham Off-
spring Study and the Veterans Affairs HDL Intervention
Trial. Atherosclerosis, 2006; 188: 59-67
10) Zhou L, Li C, Gao L, Wang A. High-density lipoprotein
synthesis and metabolism (Review). Mol Med Rep, 2015;
12: 4015-4021
11) Gao X, Yuan S, Jayaraman S, Gursky O. Role of apolipo-
protein A-II in the structure and remodeling of human
high-density lipoprotein (HDL): protein conformational
ensemble on HDL. Biochemistry, 2012; 51: 4633-4641
12) Melchior JT, Street SE, Andraski AB, Furtado JD, Sacks
EM, Shute RL, Greve El, Swertfeger DK, Li H, Shah AS,
Lu LJ, Davidson WS. Apolipoprotein A-II alters the pro-
teome of human lipoproteins and enhances cholesterol
efflux from ABCAL. | Lipid Res, 2017; 58: 1374-1385

13) Maiga SE Kalopissis AD, Chabert M. Apolipoprotein
A-TIl is a key regulatory factor of HDL metabolism as
appears from studies with transgenic animals and clinical
outcomes. Biochimie, 2014; 96: 56-66

14) Dinnes DL, White MY, Kockx M, Traini M, Hsieh V,
Kim M], Hou L, Jessup W, Rye KA, Thaysen-Andersen
M, Cordwell SJ, Kritharides L. Human macrophage
cathepsin B-mediated C-terminal cleavage of apolipopro-
tein A-I at Ser228 severely impairs antiatherogenic capac-
ity. FASEB J, 20165 30: 4239-4255

15) Honda K, Okusaka T, Felix K, Nakamori S, Sata N,
Nagai H, Ioka T, Tsuchida A, Shimahara T, Shimahara M,
Yasunami Y, Kuwabara H, Sakuma T, Otsuka Y, Ota N,
Shitashige M, Kosuge T, Biichler MW, Yamada T. Altered
plasma apolipoprotein modifications in patients with pan-
creatic cancer: protein characterization and multi-institu-
tional validation. PLoS One, 2012; 7: 46908

16) Honda K, Kobayashi M, Okusaka T, Rinaudo JA, Huang
Y, Marsh T, Sanada M, Sasajima Y, Nakamori S, Shima-
hara M, Ueno T, Tsuchida A, Sata N, Ioka T, Yasunami Y,
Kosuge T, Miura N, Kamita M, Sakamoto T, Shoji H,
Jung G, Srivastava S, Yamada T. Plasma biomarker for
detection of early stage pancreatic cancer and risk factors
for pancreatic malignancy using antibodies for apolipo-
protein-All isoforms. Sci Rep, 2015; 5: 15921

17) Honda K, Srivastava S. Potential usefulness of apolipopro-
tein A2 isoforms for screening and risk stratification of
pancreatic cancer. Biomark Med, 2016; 10: 1197-1207

18) Tsugane S, Sawada N. The JPHC study: design and some
findings on the typical Japanese diet. Jpn ] Clin Oncol,
2014; 44: 777-782

19) Tunstall-Pedoe H, Kuulasmaa K, Amouyel B Arveiler D,
Rajakangas AM, Pajak A. Myocardial infarction and coro-
nary deaths in the World Health Organization MONICA
Project. Registration procedures, event rates, and case-
fatality rates in 38 populations from 21 countries in four
continents. Circulation, 1994; 90: 583-612

20) Honda K, Katzke VA, Hiising A, Okaya S, Shoji H, Oni-
dani K, Olsen A, Tjenneland A, Overvad K, Weiderpass
E, Vineis P, Muller D, Tsilidis K, Palli D, Pala V, Tumino
R, Naccarati A, Panico S, Aleksandrova K, Boeing H,
Bueno-de-Mesquita HB, Peeters PH, Trichopoulou A,
Lagiou B, Khaw KT, Warcham N, Travis RC, Merino S,
Duell EJ, Rodriguez-Barranco M, Chirlaque MD, Barri-
carte A, Rebours V, Boutron-Ruault MC, Romana Man-
cini E Brennan B, Scelo G, Manjer ], Sund M, Ohlund D,
Canzian E Kaaks R. CA19-9 and apolipoprotein-A2 iso-
forms as detection markers for pancreatic cancer: a pro-
spective evaluation. Int J Cancer, 2019; 144: 1877-1887

489



Kihara et al.

Supplementary Table 1. Baseline characteristics of controls divided into quartiles of ApoA2-ATQ/ATQ concentrations
Quartile of ApoA2-ATQ/ATQ

Q1 Q2 Q3 Q4 P for
Range of ApoA2-ATQ/ATQ 3.9-32.5 32.6-44.8 44.9-61.3 61.4-105 difference
Age, y 60.7 57.0 55.0 56.0 <0.001
Men, % 65.5 72.2 65.4 76.5 0.53
Body mass index, kg/m? 22.8 23.9 24.1 24.2 0.053
Systolic blood pressure, nmHg 134.5 137.8 132.3 136.3 0.42
Diastolic blood pressure, mmHg 78.7 81.6 79.5 83.0 0.14
Total cholesterol, mmol/L 205.1 201.3 208.2 213.3 0.63
HDL cholesterol, mmol/L 54.8 54.2 51.2 58.1 0.25
Triglycerides, mmol/L 137.5 125.7 120.5 122.5 0.51?
Antihypertensive medication use, % 18.5 18.5 21.6 16.0 091
Hypertension, % 44 .4 58.0 57.1 53.2 0.49
Diabetes mellitus, % 9.5 9.3 4.9 15.0 0.52
Current smoker, % 18.2 27.8 40.4 38.3 0.08
Alcohol intake > 1 day/week, % 71.4 77.3 52.8 68.3 0.12
Alcohol intake > 3 days/week, % 71.4 68.2 44 .4 65.9 0.07
Sports during leisure time > 1 time/week, % 24.0 9.4 27.5 17.4 0.10
Sports during leisure time > 3 time/week, % 14.0 3.8 19.6 4.3 0.02

Values shown are means or proportions. P for difference was calculated using a one-way analysis of variance tests or the chi-square test. Hyperten-
sion: systolic blood pressure > 140 mmHg, diastolic blood pressure > 90 mmHg, or antihypertensive medication use. Diabetes mellitus: fasting glu-
cose level of 2 7.0 mmol/L, non-fasting level of 2 11.1 mmol/L, or use of medication for diabetes.

"Kruskal-Wiallis test. *Fisher exact test.

Supplementary Table 2. Baseline characteristics of controls divided into quartiles of ApoA2-ATQ/AT concentrations

Quartile of ApoA2-ATQ/AT

Q1 Q2 Q3 Q4 Pfor
Range of ApoA2-ATQ/AT 21.6-50.6 50.7-58.5 58.6-66.6 66.7-116 difference
Age, y 58.4 57.1 56.0 57.4 0.44
Men, % 74.1 61.5 73.6 69.8 0.47
Body mass index, kg/m? 23.5 23.9 24.0 23.6 0.83
Systolic blood pressure, mmHg 130.9 137.7 132.8 139.6 0.04
Diastolic blood pressure, nmHg 78.7 80.8 80.3 82.8 0.24
Total cholesterol, mmol/L 188.5 198.7 212.5 229.4 <0.001
HDL cholesterol, mmol/L 51.0 52.5 52.6 63.0 <0.001
Triglycerides, mmol/L 115.9 126.1 119.0 149.4 0.48"
Antihypertensive medication use, % 19.2 19.2 13.2 23.1 0.63
Hypertension, % 43.1 58.8 54.0 56.3 0.41
Diabetes mellitus, % 4.8 11.4 7.5 15.0 0.43*
Current smoker, % 27.8 25.0 30.2 35.8 0.66
Alcohol intake > 1 day/week, % 61.5 63.6 67.4 78.0 0.40
Alcohol intake > 3 days/week, % 53.8 54.5 65.1 75.6 0.15
Sports during leisure time > 1 time/week, % 29.2 13.5 23.1 12.5 0.11
Sports during leisure time > 3 time/week, % 16.7 7.7 11.5 6.3 0.34

Values shown are means or proportions. P for difference was calculated using a one-way analysis of variance tests or the chi-square test. Hyperten-
sion: systolic blood pressure > 140 mmHg, diastolic blood pressure > 90 mmHg, or antihypertensive medication use. Diabetes mellitus: fasting glu-
cose level of > 7.0 mmol/L, non-fasting level of > 11.1 mmol/L, or use of medication for diabetes.
f . Fo.

Kruskal-Wallis test. “Fisher exact test.
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