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Background: Amino acids play essential roles in protein construction and metabolism. Our
study aims to provide a profile of amino acid changes in the serum of patients with early-
onset coronary artery disease (EOCAD) and identify potential disease biomarkers.

Methods:
multistage/mass spectrometry (UPLC-MRM-MS/MS) was used to determine the amino

Ultra-performance liquid chromatography-multiple reaction monitoring-
acid profile of patients with EOCAD in sample pools. In the validation stage, the serum
levels of candidate amino acids of interest are determined for each sample.

Results: A total of 128 EOCAD patients and 64 healthy controls were included in the study.
Eight serum amino acids associated with disease state were identified. Compared with the control
group, serum levels of seven amino acids (L-Arginine, L-Methionine, L-Tyrosine, L-Serine,
L-Aspartic acid, L-Phenylalanine, and L-Glutamic acid) increased and one (4-Hydroxyproline)
decreased in the patient group. Results from the validation stage demonstrate that serum levels of
4-Hydroxyproline were significantly lower in myocardial infarction (MI) patients (9.889 = 3.635
pg/mL) than those in the controls (16.433 + 4.562 umol/L, p < 0.001). Elevated serum
4-Hydroxyproline levels were shown to be an independent protective factor for MI (OR =
0.863, 95% CI: 0.822-0.901). The significant negative correlation was seen between serum
4-Hydroxyproline levels and cardiac troponin I (r = —0.667) in MI patients.

Conclusion: We have provided a serum amino acid profile for EOCAD patients and
screened eight disease state-related amino acids, and we have also shown that
4-Hydroxyproline is a promising target for further biomarker studies in early-onset MI.

Keywords: amino acid, coronary artery disease, myocardial infarction, 4-Hydroxyproline

Introduction
Cardiovascular disease (CVD) is a leading global cause of death. It has a high
incidence rate in China and epidemiological studies indicate that the burden of
CVD has rapidly and substantially increased, with approximately 2.4 million deaths
in 2016." Although it generally affects the elderly, the number of young people
suffering from the disease is increasing because of lifestyle changes. Early-onset
coronary artery disease (EOCAD) is a CVD type, defined by the patient’s age (<50
years old) when the initial diagnosis of coronary heart disease (CAD) is made. The
majority of patients are male.>” EOCAD patients have a poor long-term prognosis,
meaning that identifying risk factors is critical for disease diagnosis and control.
Amino acids are the building blocks of proteins and play central roles as
metabolic intermediates. Their chemical properties and combinations not only
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determine the structure and function of proteins but also
regulate vital, disease-associated, metabolic pathways.*
Metabolomics is the comprehensive study of metabolites
in bio-fluids, tissues, or cellular extracts and is a powerful
tool for discovering biomarkers.” As important metabo-
lites, amino acids are also a relevant research target for
metabolomics. Over the past two decades, metabolomic
studies have demonstrated significant changes in blood
amino acid levels in a variety of diseases, including dia-
betes, cancers, chronic kidney disease, and Alzheimer’s
disease.®”

The heart beats about 4 billion times in a person’s lifetime
and it must continuously adapt to changing metabolic
demands to meet substantial ongoing energy needs. It is
therefore to be expected that metabolites are disturbed in
CVD. Metabolomics studies have confirmed that metabolic
in CVD and have identified
biomarkers.'®!" However, few studies have focused on

changes occur some
serum amino acid changes in CAD patients, especially
those with EOCAD. In this study, we quantified levels of
25 amino acids in the serum of patients with EOCAD using
targeted metabolomic techniques to identify disease-related
changes and screen for potential disease biomarkers. These
biomarkers may help understand the pathophysiological pro-
cess of early-onset coronary artery disease and may have
special significance for the disease risk assessment and

prediction.

Patients and Methods

Subjects

A total of 128 CAD patients were recruited from the
Affiliated Hospital
September 2019 and July 2020. All were younger than

of Qingdao University between

50, met the diagnostic criteria for CAD, and diagnosis was
confirmed by coronary angiography. CAD was defined by
the presence of; at least 50% stenosis in one or more of the
major coronary arteries, clinical symptoms of angina,
changes in cardiac troponin, and typical disease electro-
cardiogram patterns. Based on the severity of the clinical
presentations, each case was put into one of two groups:
CAD with (n = 64) and without myocardial infarction (MI)
(n = 64). Sixty-four age and gender-matched control sub-
jects who did not show any signs or symptoms of cardio-
vascular events were recruited from a pool of Health
Management Centre volunteers who had a similar geo-
graphic background. The study protocol conformed to the
1975 Helsinki declaration guidelines and was approved by

the Ethics Committee of The Affiliated Hospital of
Qingdao University. Informed consent (written or verbal)
was obtained from all participants and recorded on an
electronic datasheet. Participants generally sign informed
consent. But it is not possible to obtain the person’s
signature (illiteracy, physical disability or other limiting
condition) and verbal consent is an alternative. Verbal
informed consent was acceptable and approved by the
ethics committee of The Affiliated Hospital of Qingdao
University.

Sample Preparation and Biochemical

Measurements

All participants fasted for at least 8 hours and blood samples
were collected on the morning of the second day after
admission. Whole blood was collected using BD® antic-
oagulant-free vacuum blood collection tubes, allowed to
stand at 4 °C for half an hour, then centrifuged at
3500 rpm for 10 minutes and the serum collected. Two
hundred microliters of serum from each sample was taken
and mixed with eight samples from the same group to make
one sample pool. All samples were frozen at —80 °C until
required for analysis.

Serum activity/concentrations of fasting blood glucose
(FBQG), triglycerides (TG), total cholesterol (TC), serum
creatinine (SCr), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and
lipoprotein(a)(Lp(a)) were determined using an automatic
biochemistry analyzer (Hitachi HCP-7600, Hitachi, Japan).

Metabolite Extraction and Standard

Solution
Samples were defrosted in an ice water bath then vortexed for
30 s and centrifuged at 10,000 rpm for 10 min at 4 °C. Forty
microliters of each sample was transferred to a tube and
160 pL of pre-cooled extraction solution (Acetonitrile-
methanol, 1:1, 500 nmol/L internal standard solution,
—20 °C) was added. Samples were swirled for 30 s, sonicated
for 10 min at 0 °C, then incubated at —20 °C for 1 h before
being centrifuged at 12,000 rpm for 15 min at 4 °C. Eighty
microliters of clear supernatant was transferred to an auto-
sampler vial for ultra-performance liquid chromatography-
multiple reaction monitoring-multistage/mass spectrometry
(UHPLC-MRM-MS/MS) analysis.

A stock solution (10 mmol/L) was obtained by dissol-
ving or diluting each standard substance. A portion of each
stock solution was transferred to a 10 mL flask to make
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a mixed working standard solution. A series of calibration
solutions were obtained by diluting the standard solution,
in turn, each of which contained 400 nmol/L of the inter-

nal standard mixture.

UHPLC-MRM-MS Analysis

UHPLC separation was performed using an Agilent
1290 Infinity II series UHPLC System (Agilent
Technologies), equipped with a Waters ACQUITY
UPLC BEH Amide column (100 x 2.1 mm, 1.7 pm).
The mobile phase A was a 1% aqueous solution of
formic acid, and the mobile phase B was a 1% acet-
onitrile solution of formic acid. The elution gradient
used is shown in Table S1. The column temperature
was 35 °C, the sample-plate temperature was 4 °C, and
the sample volume injected was 1 uL. An Agilent 6460
(Agilent
Technologies, USA) with an electrospray interface

triple quadrupole mass spectrometry
and multiple reaction monitoring (MRM) modes was
used for the quantitative analysis. The parameters of
the typical ion source were as follows, N, Flow:
5 L/min, N, Temperature: 300 °C, Sheath Gas Flow:
11 L/min, Sheath Gas Temperature: 250 °C, Capillary
Voltage: +4000/-3500 V, Nozzle Voltage: +500/-500 V,
and Nebulizer: 45 psi. Several of the most sensitive
transitions were used in the MRM scan mode to opti-
mize the collision energy for each Q1/Q3 pair (Table
S2). Of the optimized MRM transitions per analyte, the
Q1/Q3 pairs which showed the highest sensitivity and
selectivity were selected as a “quantifier” for quantita-
tive monitoring. The additional transitions acted as
a “qualifier” to verify target analyte identities. MRM
data were collected and processed with Agilent® Mass
Hunter Work Station Software Version B.06.00
(Agilent Technologies, Santa Clara, CA, USA).

Calibration solutions were subjected to UPLC-MRM-
MS/MS analysis using the methods described above and the
results summarized in Table S3. Concentration (nmol/L) is
on the X-axis, and the Y-axis is the ratio of peak areas in the
calibration curves. The least-squares method was used for
regression fitting. 1/x weighting was applied in the curve
fitting since it provided the highest accuracy and correlation
coefficient. If the signal-to-noise ratio (S/N) of a calibration
concentration was close to or less than 20, or the recovery
rate exceeds the range of 80—120%, the calibration point of
that concentration was excluded.

Limit of Detection (LOD) and Limit of
Quantitation (LOQ)

The calibration solution was diluted 2-fold in turn and
analyzed via UHPLC-MRM-MS/MS. The lower limits of
detection (LLOD) and quantitation (LLOQ) were deter-
mined using the S/N. The LLOD was defined as the
compound concentration at which the S/N was 3, and the
LLOQ was defined as the compound concentration at
which the S/N was 10 (US FDA guideline for bioanaly-
tical method validation). The method’s precision was eval-
uated by the relative standard deviation (RSD) of repeated
injections of QC samples (Table S4) and accuracy was
assessed by the recovery rate of QC samples. The spiked
recovery rate is the percentage difference between the
mean measured concentration and spiked concentration.

Experiment Protocol

The study was divided into two stages. In the first stage, 200
pL serum was taken from each sample and mixed into
a sample pool with 8 other samples from the group. There
were 8 sample pools in the CAD with MI group, 8 in the
CAD without MI group, and 8 in the control group. UHPLC-
MRM-MS/MS was used to analyze the levels of 25 serum
amino acids and screen for potential differences between
groups. In the second stage, UHPLC-MRM-MS/MS was
used to verify the screened differential amino acids of inter-
est in each sample and study their relationship with CAD.

Statistical Analysis

The results are presented as the mean + standard deviation
(SD). Comparisons of categorical variables were using the
chi-square or Fisher exact tests. For independent samples,
a t-test or one-way ANOVA was used to assess any group
differences, and a post hoc least significant difference
(LSD) test was used to evaluate any relevant interactions.
Logistic regression was used to test the interactive effects
of variables on the observed association and Pearson cor-
relation coefficients were used to uncover interrelation-
ships. Significance was set at p < 0.05 and all statistical
analyses were performed with the Statistical Package for
Social Sciences SPSS 16.0 (SPSS Inc., Chicago, IL, USA)
and GraphPad Prism Software 8 (GraphPad Software Inc.,
San Diego, CA, USA).

Results
A total of 128 CAD patients (mean age 44.27 £+ 5.26 years)
and 64 healthy controls (mean age 44.82 + 5.12 years) were
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involved in the study. The clinical features of all participants
are summarized in Table 1. Twenty-five amino acids were
quantified by UHPLC-MRM-MS/MS and the details of the
targeted amino acids are shown in Table 2. For all analytes,
the LLODs ranged from 2.44 to 97.66 nmol/L, the LLOQs
from 4.888 to 1562.50 nmol/L, and the correlation coeffi-
cients of the regression fitting were all above 0.9967.
Recovery rates for all analytes were determined to be
91.3%—-106.2%, with all RSDs below 3.5%.

In the first stage, every eight serum samples were
combined into a single sample pool. The study included
CAD with and without MI groups, and control group, with
each group containing 8 sample pools. Of the 25 amino
acids examined, differences in serum levels between
groups of eight were seen (One-way ANOVA, p < 0.05).

A significant difference in the serum level of
L-Phenylalanine was found between the three groups.
L-Phenylalanine levels in the CAD with MI group
(97.928 + 12.982umol/L, n =
increased compared to the control (70.945 + 5.411pumol/
L,n=38, p <0.001) and CAD without MI groups (82.473
+ 11.789 umol/L, n = 8, p = 0.008). A significant differ-
ence was also detected between the control and CAD
without MI groups (p = 0.041).

With L-Methionine and L-Glutamic acid, the
L-Methionine levels in CAD without MI (38.263 +
6.830 umol/L, n =§, p = 0.020) and CAD with MI groups
(41.641 + 3.151 pmol/L, n = 8, p = 0.001) were

8) were significantly

significantly higher than the control group (32.028 +
4.076 pmol/L, n = 8). The L-Glutamic acid levels in the
CAD without MI (176.280 + 32.170 ymol/L, n = 8§, p =
0.042) and CAD with MI groups (211.995 + 61.575 umol/
L, n =38, p = 0.001) were significantly higher than the
control group (131.046 + 20.339 umol/L, n = 8).
Compared to the control (14.622 £+ 1.237 ymol/L, n = §,
p<0.001) and CAD without MI groups (13.785 £+ 3.031 pmol/
L,n=8, p<0.001), the 4-Hydroxyproline levels were lower in
the CAD with MI group (8.503 + 1.467 umol/L, n = 8§,
Figure 1). The opposite was seen with L-Aspartic acid. The
L-Aspartic acid levels in the CAD with MI group (63.870 +
15.143 pmol/L, n = 8) were significantly higher than the
control (43.140 £ 5.700 umol/L, n = 8, p = 0.001) and CAD
without MI groups (51.493 +9.076 umol/L, n =8, p = 0.031).
Significant differences between the control and CAD with
MI groups were seen in L-Tyrosine, L-Arginine, and
L-Serine. The L-Tyrosine levels in the CAD with MI group
(122.558 £ 12.331 umol/L, n = 8) were higher than the control
(100.578 £ 12.785 pmol/L, n = 8, p = 0.011), but no signifi-
cant difference was found with the levels of the CAD without
MI group (116.025 + 20.472 pmol/L, n = 8, p = 0.413). The
L-Arginine levels in the CAD with MI group (147.619 +
15.357 pmol/L, n =8) were higher than the control (120.111
+ 13.681 pmol/L, n =8, p = 0.007), but not the CAD without
MI groups (136.484 + 23.943 umol/L, n = §, p = 0.235). The
L-Serine levels in the CAD with MI group (171.436 +
22.250 pmol/L, n = 8) was higher than control (142.516 +

Table | Demographic and Clinical Characteristics of EOCAD Patients and Controls

Variables EOCAD (n = 128) Control (n = 64) p-values
Gender, male n (%)* 126 (98.44) 63 (98.44) 1.000
Age, years* 44.27 £ 5.26 44.82 £ 5.12 0.512
BMI (kg/m?)* 26.68 + 543 25.78 £ 4.92 0.266
Hypertension, n (%) * 32 (25.00) 14 (21.09) 0.765
Diabetes, n (%) * 26 (20.31) 17 (13.28) 0.426
Smoking, n (%) * 68 (53.13) 21 (32.81) 0.012
Drinking, n (%) * 70 (54.69) 31 (48.44) 0.506
FBG, mmol/I* 6.08 + 3.22 5.02 £2.89 0.027
TG, mmol/l * 220 £ 1.92 1.62 + 1.58 0.038
TC, mmol/l * 5.02 £ 1.59 4.90 + 1.60 0.623
HDL-C, mmol/l * 1.09 + 0.38 1.12 + 0.42 0.619
LDL-C, mmol/l * 277 £1.23 246 £ 1.08 0.088
Lp(a), mmol/l * 299.27 + 287.65 212.30 £ 210.78 0.033
SCr, umol/l * 74.56 * 20.22 76.38 £ 21.09 0.563
Myocardial Infarction, n (%) 64 (50.00)

Notes: “Categorical variables are expressed as percentages. The p-value of the categorical variables was calculated by y* test. p-values < 0.05 are shown in bold font.
*Continuous variables are expressed as mean + SD. The p-value of the continuous variables was calculated by the unpaired t test. p-values < 0.05 are shown in bold font.
Abbreviations: EOCAD, early-onset coronary artery disease; BMI, body mass index; FBG, fasting blood glucose; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); TC, total cholesterol; SCr, serum creatinine.
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Table 2 Targeted Amino Acid Information

Amino Acid CAS M.W. Formula
Number (Da)

Glycine 56-40-6 75.067 C2H5NO2
L-Alanine 56-41-7 89.093 C3H7NO2
B-Alanine 107-95-9 89.093 C3H7NO2
4-Aminobutyric acid 56-12-2 103.120 C4HINO2
L-Serine 56-45-1 105.093 C3H7NO3
L-Proline 147-85-3 115.130 C5H9NO2
L-Valine 72-18-4 117.146 C5HIINO2
L-Threonine 72-19-5 119.119 C4HINO3
4-Hydroxyproline 51-35-4 131.130 C5H9NO3
L-Asparagine 70-47-3 132.118 C4H8N203
L-Ornithine 3184-13-2 132.161 C5HI12N202
L-Aspartic acid 56-84-8 133.103 C4H7NO4
L-Glutamine 56-85-9 146.145 C5HI0N203
L-Lysine 56-87-1 146.188 C6HI14N202
L-Glutamic acid 56-86-0 147.129 C5H9NO4
L-Methionine 63-68-3 149.211 C5HIINO2S
L-Histidine 71-00-1 155.155 C6HIN3O2
5-Hydroxylysine 1190-94-9 162.187 C6HI14N203
L-Phenylalanine 63-91-2 165.189 C9HIINO2
|-Methyl-L-histidine 332-80-9 169.181 C7HIIN30O2
3-Methyl-L-histidine 368-16-1 169.181 C7HIIN30O2
L-Arginine 74-79-3 174.201 C6H14N402
L-Citrulline 372-75-8 175.186 C6HI3N30O3
L-Tyrosine 60-18-4 181.189 C9HIINO3
L-Tryptophan 73-22-3 204.225 | CIIHI2N202

Abbreviations: CAS, chemical abstracts service; M.W, molecular weight.

9.832 umol/L, n = 8, p = 0.005), but not the CAD without MI
groups (136.484 + 23.943 umol/L, n = 8, p = 0.235). C)
L-Serine levels in the CAD with MI group (171.436 +
22.250 pmol/L, n = 8) was higher than control (142.516 +
9.832 pmol/L, n = 8, p = 0.005), but not the CAD without MI
groups (154.917 £+ 20.684 umol/L, n = 8, p = 0.088).
4-Hydroxyproline was the only amino acid which had
reduced levels in the CAD with MI group and was thus
selected for further validation. In the validation stage,
4-Hydroxyproline levels were measured in all 192 patient
and control samples. 4-Hydroxyproline levels in MI
patients (9.889 + 3.635 ug/mL, n = 64) were significantly
lower than those in the control samples (16.433 + 4.562
umol/L, n=64, p <0.001, Figure 2). After adjusting for age,
body mass index, hypertension, diabetes, smoking status,
drinking status, FBG, TG, TC, SCr, HDL-C, LDL-C, and
Lp(a), the elevated serum 4-Hydroxyproline levels were
thought to be an independent protective factor for MI (OR
= 0.863, 95% CI: 0.822-0.901, p < 0.001, Table 3). The
main results are shown in Table 3. A significant negative
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Figure | Serum levels of 4-Hydroxyproline in different sample pool groups. To
compare with control (14.622 + 1.237 umol/L, n = 8, p <0.001) and CAD (without
MI) groups (13.785 + 3.031 umol/L, n = 8, p < 0.001), the serum levels of
4-Hydroxyproline is the lowest in Ml group (8.503 + 1.467 umol/L, n = 8).

P < 0.001
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Figure 2 Serum 4-Hydroxyproline levels in patient and control groups. Compared
with the controls (16.433+4.562 umol/L, n = 64, p < 0.001) and the CAD (without)
patients (15.223+4.225 pmol/L, n = 64, p = 0.122), the serum 4-Hydroxyproline
levels were the lowest in the Ml patients (9.889 * 3.635 umol/L, n = 64).

correlation was seen between serum 4-Hydroxyproline
levels and cardiac troponin I (r = —0.667, p < 0.001,
Figure 3) in MI patients.

Discussion

In the study, we quantified the levels of 25 amino acids in
the serum of EOCAD patients and identified eight that
were related to the disease state. 4-Hydroxyproline was
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Table 3 Associations Between Serum 4-Hydroxyproline Levels and Presence of Ml
Adjustment Models OR 95% CI p-values
Model I: Crude, no adjustment - <0.001
Model 2: Adjusting for smoking, FBG, TG, and Lp (a). 0.871 (0.836-0.912) | <0.001
Model 3: Adjusting for age, BMI, hypertension, diabetes, smoking status, drinking status, FBG, TG, TC, SCr, 0.863 (0.822-0.901) <0.001
HDL-C, LDL-C, and Lp(a).

Abbreviations: Ml, myocardial infarction; BMI, body mass index; FBG, fasting blood glucose; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; SCr, serum creatinine.

validated because it was the only amino acid with low
serum levels in the disease group. Our results showed that
4-Hydroxyproline levels were significantly decreased in
patients with early-onset MI, and that elevated serum
levels were a protective factor for EOCAD.

CAD is a complex disease caused by genetic factors
and environmental interactions. The relationship between
CAD and endogenous/exogenous lipid metabolism, nutri-
tion, inflammation, and immune response has been widely
studied. With the rapid development of metabolomics, the
relationship between circulating metabolites and CVD has
also been widely concerned. Notably, several large pro-
spective studies have identified a range of circulating
metabolites associated with cardiovascular events, includ-
ing amino acids, glycolysis-related metabolites, ketone
bodies, inflammatory factors, fatty acids, lipids, and

others. Amino acids mainly

13,14

include phenylalanine/

tyrosine,'>  glutamate, amino acids

(BCAAs),'>'°

branching

tryptophan-related metabolites,'” and

15

12

©

4-Hydroxyproline
(nmol/L)
(<2}

r=-0.667
p <0.001

0 3 6 9 12 15
cTn | (ng/ml)

Figure 3 Negative correlation between serum 4-Hydroxyproline and cardiac troponin
| (cTn 1) levels in MI patients (r = —0.667, 95% Cl: —0.7847 to —0.5046, p < 0.001).

modified arginine.'®?° Besides, some studies have
focused on the relationship between amino acid profiles
and CAD. In one of these studies, researchers from Duke
University quantified plasma levels of 15 amino acids in
CAD patients and indicated that in patients referred for
cardiac catheterization, levels of branched-chain amino
acids and catabolites are predictors of cardiovascular
events.”! However, the quantitative results of these 15
amino acids have not been published in the study.
A subsequent study from this group quantified the plasma
levels of Proline, Leucine/Isoleucine, Valine, Methionine,
Glutamic acid, and Citrulline, and showed that Leucine/
Isoleucine, Glutamic acid, and Methionine levels are sig-
nificantly elevated in CAD patients.'® In 2005, Obeid also
attempted to find differential amino acid levels in the
plasma of CAD patients by HPLC. Limited by test meth-
odology and sample size, they found that of the 23 amino
acids tested, only cysteine was significantly elevated in the
plasma of CAD patients tested.* Circulating BAACs (iso-
leucine, leucine, and valine) have been previously identi-
fied as significant predictors of CAD. A large prospective
study of American women demonstrated that circulating
BCAAs levels were associated with the long-term risk of
CAD, comparable in magnitude to LDL cholesterol.”®
Similar results have also been observed in the Chinese
population.”?**> In previous studies, we examined the
effects of homocysteine (Hcy), asymmetric dimethylargi-
nine (ADMA), L-citrulline, and L-arginine on arterial
endothelial function and their associations with the risk
of CAD.?*°

To the best of our knowledge, a complete description
of serum amino acid levels of EOCAD is lacking.
Compared to late-onset CAD, EOCAD may have different
pathogenic mechanisms and a wide range of biomarkers
have already been identified for EOCAD, including genes,
proteins, and other bio-macromolecules. Besides, gender
differences are present in many diseases and are especially
prevalent in CVD. Males tend to suffer from CAD earlier
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than females. As a result, the majority of subjects with
EOCAD in our study are male. In our previous studies, the
MTHFR C677T polymorphism was shown to be asso-
ciated with a risk of EOCAD,>! serum ADMA levels
were associated with the presence and severity of
EOCAD,?” and that there is a close relationship between
lipid metabolism and early-onset MI.>? Because of the
different dietary structures, serum amino acid levels may
differ in CAD patients of different ages.*** At the screen-
ing stage of this study, one sample pool was composed of
eight serum samples. We quantified 25 amino acids in 24
serum sample pools of three groups (CAD without MI
group, MI group, and control group) and differences in
a total of eight different amino acids were identified.
Significant differences in L-Phenylalanine, L-Methionine,
and L-Glutamic acid levels were seen between the CAD
without MI and control groups. Significant differences in
L-Methionine,
4-Hydroxyproline, L-Glutamic acid, L-Aspartic acid,

L-Phenylalanine, L-Tyrosine,
L-Arginine, and L-Serine levels were seen between the
CAD with MI and control groups. Compared to the CAD
CAD with MI group,
L-Phenylalanine and L-Glutamic acid levels were signifi-

without MI group, in the

cantly increased, and 4-Hydroxyproline levels were
decreased. Notably, 4-Hydroxyproline was the only
amino acid whose levels decreased in the serum of the
disease group serum, suggesting that it may play a specific
role in CAD pathogenesis.

Because there is a paucity of systematic studies on the
correlation between non-BCAAs and CVD, it is difficult to
discuss causes and possible mechanisms of changes in
CAD  patients.
L-Phenylalanine, a precursor of L-Tyrosine, is an essential
and both are
catecholamines.® Murr et al showed that elevated serum

serum amino acid levels in

amino acid also precursors for
L-phenylalanine and L-Tyrosine levels in CAD patients
may be associated with immune activation and inflamma-
tory response.3 6

We recently focused on the relationship between one-
carbon metabolism and CVD. We found that various meta-
bolites in the metabolic pathway are closely related to the
risk of CAD.?” Hey is formed in the one-carbon metabo-
lism pathway during the metabolism of methionine to
cysteine, and can also be used to regenerate methionine
by vitamin B12.** Other studies have shown that serum
Hcy levels are significant in CAD patients and that it is an

independent risk factor for the disease.’ !

Although glutamic acid is a non-essential amino acid,
almost all living beings use it in protein biosynthesis.
Animal studies have shown that exogenous glutamic acid
protects hypoxic cardiomyocytes and enhances anaerobic
ATP synthesis in mitochondria to reduce myocardial
contracture.*** Elevated serum levels of L-Glutamic
acid may be a compensatory response to myocardial ische-
mia and can promote the formation of anaerobic ATP,
enhancing the body’s resistance to severe hypoxia.
Recent studies have shown that specific genetic variations
can disrupt glutamic acid metabolism and lead to CVD.***

L-Glutamic acid is a precursor of L-Arginine*® which
is the substrate of nitric oxide synthase and the biological
precursor of nitric oxide. It is vital for the maintenance of
vascular endothelial function, which is closely related to
coronary heart disease.*® The results of this study indicate
that L-glutamate and L-Arginine serum levels are signifi-
cantly elevated in CAD patients, especially those with MI.

Only a few studies have focused on the correlation
between aspartic acid, serine, and CVD. Elevated serum
L-Aspartic acid levels may be related to its involvement in

I,47 and L-Serine

antiplatelet aggregation during acute M
may play an antioxidant role.*®

As ecarly as 2009, Vallejo et al observed that
4-Hydroxyproline plasma levels were significantly
decreased in patients with acute coronary syndrome
using plasma fingerprinting with GC-MS technology.*’
This indicated that 4-Hydroxyproline is an attractive
further this

4-Hydroxyproline was once again identified as being

compound for studies. In study,
associated with MI. 4-Hydroxyproline levels were signif-
icantly decreased in CAD with MI patients, however, no
significant decrease was seen in CAD without MI
patients. Since 4-Hydroxyproline is related to collagen
this that

4-Hydroxyproline levels are associated with ventricular

stability, suggests decreased  serum
remodeling.” Our results show that there is a significant
negative correlation between 4-Hydroxyproline and car-
diac troponin I levels, suggesting a potential relationship
between 4-Hydroxyproline and myocardial injury. We
expect 4-Hydroxyproline will become a novel biomarker
for predicting fibrosis
after ML

The development and progression of atherosclerosis

and ventricular remodeling

eventually lead to the occurrence of CAD. Protein and
amino acid metabolism affect the process of atherosclero-
sis through immune regulation, glucose and lipid metabo-
lism, and other aspects. However, the relationship between
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abnormal protein and amino acid metabolism and CAD
has been underestimated until now. Our study provides
a profile of the serum amino acid changes in EOCAD
patients. Although this is a preliminary study, these obser-
vations may open up a new field in the study of myocar-
dial ischemia injury.

Our study has some limitations. Firstly, due to funding
reasons, we have not measured all the identified amino
acids individually except 4-Hydroxyproline, and the rela-
tionship between other amino acids and EOCAD still
needs to be verified by large sample size studies.
Secondly, because amino acid determination requires
fresh samples and female patients with EOCAD are rare.
Although there may be differences in serum amino acid
levels between genders, subgroup analysis could not be
performed. Finally, coronary angiography was not per-
formed in healthy controls as they were age- and sex-
matched individuals with no signs or symptoms of CAD.

In conclusion, we initially quantified serum levels of
25 amino acid levels in EOCAD patients and identified
eight

associated with disease status.

group,
L-Tyrosine,

amino acids

the control serum levels of
L-Methionine,

L-Aspartic acid, L-Phenylalanine, and L-Glutamic acid

Compared to
L-Arginine, L-Serine,
were higher in the EOCAD group, and 4-Hydroxyproline
levels were lower. 4-Hydroxyproline appears to be
a promising amino acid for further biomarker studies of
predicting fibrosis and ventricular remodeling after MI.
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