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Abstract

Introduction: The study aims to confirm the association of acute myocardial infarction (AMI) with serum angiotensin
Il (Angll), kallikrein| (KLK1), and ACE/KLK| polymorphisms.

Materials and methods: Serum Angll/KLK | levels and ACE and KLK| genotypes were determined in 208 patients with
AMI and 216 normal controls. Binary logistic regression was used for data analysis.

Results: The differences in serum Angll levels were statistically significant between the groups. After adjusting for
potential confounding factors, high serum levels of Angll and KLKI significantly increased the risk of AMI. The individuals
with ACE DD and KLK| GG genotypes significantly increased the risk of AMI compared with those harboring the ACE Il
and KLK I AA genotypes (OR = 8.77, 95% ClI = 1.74—44.16).

Conclusions: (1) Increasing the serum levels of Angll increased the risk of AMI. (2) The risk of AMl increased significantly
when the serum levels of Angll and KLK| simultaneously increased. (3) Individuals with the combined genotypes of ACE
DD and KLK| GG showed significantly increased risk of AMI compared with those with the combined genotypes of ACE
Il and KLKT AA.
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Introduction

DD genotype increased the risk of AMI.>¢ By contrast, a
meta-analysis of abdominal aortic aneurysm revealed that

Acute myocardial infarction (AMI) is induced by coronary
artery stenosis (CAS) and is one of the most severe types
of coronary artery disease (CAD). Clinical studies showed
that the serum levels of angiotensin II (Angll) in patients
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with AMI are higher than those of healthy people.! Human
tissue kallikrein 1 (KLK1) is assumed to be a protective
factor for cardiovascular diseases,? but significantly high
levels of KLK1 have been detected in coronary artery ath-
erosclerotic plaques.’ Genetic studies found that renin
catalyzes angiotensinogen to angiotensin I (Angl), which
is translated into a bioactive octapeptide (Angll) by the
action of angiotensin I-converting enzyme (ACE) or other
enzymes.* ACE is a protein expressed by the ACE gene.
Previous studies confirmed the association of the polymor-
phism of ACE with the occurrence of AMI, where the ACE
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the disease was associated with multiple susceptibility
genes but weakly associated with the ACE DD gene
(rs4646994) (OR = 1.67, 95%CI 1.09-1.67).” Another
meta-analysis showed that the ACE DD genotype increased
the risk of percutaneous transluminal coronary angioplast-
ies-stent (PTCA-stent) among Asians (OR = 2.18, 95%CI
1.08-4.40, p = 0.03).3

Several KLKI gene polymorphisms have been identi-
fied, and a few genetic variants may be associated with
KLK1 activity.? Our previous study showed that the KLK
AA genotype was negatively correlated with cardiovascu-
lar diseases in the Chinese Han population.!?

In summary, the ACE and KLK/ genes play an impor-
tant role in maintaining normal physiological activities
and occurrence of cardiovascular diseases. To the best of
our knowledge, no studies have reported the association
between serum levels of Angll and KLK1 or the polymor-
phisms of the combined ACE and KLK/ genotypes with
AMI caused by CAS. In the present work, we designed a
case-control study to prove the association between the
serum levels of Angll and KLK1, and the association of
ACE and KLKI polymorphisms as well as their combina-
tion effect on AMI.

Materials and methods

Subjects

This study recruited 208 cases with AMI and 216 healthy
controls without CAS from January 2012 to January 2015
in the Qilu Hospital of Shandong University. AMI was
diagnosed based on the World Health Organization crite-
ria, i.e. patients should have any two of the following
three conditions: resting anginal chest pain lasting more
than 30 min and/or electrocardiogram changes (e.g.
ST-segment elevation =1 mm in two contiguous leads (or
=2 mm in V1 to V3 leads)); serum levels of troponin and/
or creatine kinase elevation to at least twice the upper
limit of the normal range.!! In addition, cases were within
24 hours of AMI, and were identified with AMI by coro-
nary angiography (CAG) (defined by 100% stenosis (an
acute occlusion) in any major coronary artery). The exclu-
sion criteria were as follows: clinical evidence of acute
inflammation, tumor, rheumatic condition and acute renal
failure. CAG were evaluated by experienced researchers
blinded to the study plan.

Control subjects (N = 216) were selected based on the
following criteria: negative CAG examination results,
matched by gender and hospital, and no abnormalities
found on electrocardiogram or cardiac ultrasound exami-
nations. In the CAG examination, the patients were found
to have normal coronary artery and were eventually diag-
nosed with non-coronary atherosclerotic diseases, includ-
ing hypertension, cardiac hypertrophy, and psychological
anxiety or depression (neurosis). The research protocol
was approved by the Ethics Committee of Qilu Hospital of

Shandong University, and patient consent was obtained
prior to the study.

Sample size was calculated using Quanto 4.0 soft-
ware. The following parameters were used to design a
case-control study. One exposure factor was the ACE DD
gene polymorphism, which amounted to 10%; another
exposure factor was the KLK/ GG gene polymorphism,
which accounted for 30%; a marginal risk effect (OR =
2.5 and moderate risk effect OR = 1.5; p-value (o) = 0.05,
posterior power (1-f) = 0.8). The sample size of cases or
controls was 196.

A detailed personal history of each patient was obtained
using demographic data and traditional coronary risk fac-
tors (the presence of hypertension, diabetes mellitus, obe-
sity, smoking, and alcohol intake), which were collected in
a questionnaire following a standard procedure of our
research group. Hypertension is defined as a condition
where blood pressure exceeds 140/90 mmHg or person
with high blood pressure is treated. Diabetes mellitus is
defined as a condition where fasting blood glucose exceeds
126 mg/dl on two occasions or being treated. Smoking is
defined as daily smoking habit that continues for more than
1 year, and drinking is defined as the daily habit of drinking
at least 50 g of liquor for more than 1 year in a row.

CAG examination

A percutancous CAG test was performed for all subjects
with the puncturing path at radial artery (contrast agents:
iodine amine (370); Imaging instrument model, Allura
FD20/20, the Netherlands).

Measurement of serum levels of KLK| and
Angll

Serum levels of KLK1 and Angll were measured using
enzyme-linked immunosorbent assay (ELISA) through a
competitive enzyme immunoassay technique.

Determination of serum levels of KLK| through
ELISA

Briefly, 96-well plates were coated in advance with anti-
human KLK1 IgG. To each well was added serum samples
and horseradish peroxidase (HRP) antigen. The samples
were subjected to rocking, covered with sealing film, and
incubated at 37°C for 1 h. The samples were repeatedly
washed with detergent (PBST) five times (antigen without
combination washed off). To each well was then added
TMB (A, B) substrate solutions and incubated at 37°C for
10 min without light. The reaction was terminated by add-
ing sulfuric acid solution after 10 min. Optical density val-
ues were tested at 450 nm in a Bio-Rad ELISA plate reader
(Infinite M200Pro, TECAN). Serum KLK1 levels were
determined according to the calibrated standard curve.
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Figure . Genotyping of the ACE insertion/deletion (I/D)
detected by polymerase chain reaction (PCR).

A combination of 490-bp and 190-bp bands indicate the I/D genotype, a
490-bp band indicates the Il genotype, a 190-bp band indicates the DD
genotype (Figure I).

Determination of serum levels of Angll through
ELISA

Briefly, 96-well plates (Corning) were coated in advance
with anti-human AnglII IgG. To each well was added serum
samples and HRP antigen. The rest of the steps were simi-
lar to those of the serum KLKI1 assays using ELISA kits
(Shanghai Lengton Bioscience Co., Ltd.; LOT:
201500506MY). The performance parameters included
coefficient of variation of within batch <3%, coefficient of
variation between batch <5%, and sensitivity <0.5 ng/ml.

Genetic analysis

DNA was isolated using the human genome extraction kit
(TTANGEN Biotechnology Co., Ltd. Shanghai Office).

Genotyping the ACE (Insertion/Deletion 1/D)
gene

The genotype of ACE (I/D) was tested by polymerase
chain reaction (PCR). The primers were as follows: the
upstream primer for 5’- CTG GAG ACC ACT CCC ATC
CTT CT - 3’ and the downstream primers for 5’- GAT
GTG GCC ATC ACATTC GTC AGA T - 3°; DNA was
amplified for 30 cycles, with predegeneration at 94°C,
30 s degeneration at 94°C, 30 s annealing at 55°C and 10
min extension at 72°C. DNA fragments were separated
by 1.5% agarose gel electrophoresis and identified by
GelRed nucleic acid dye. Three types of ACE gene PCR
products were identified: a 490-bp band indicating the II
genotype, a 190-bp band indicating the DD genotype, or
a combination of 490-bp and 190-bp bands indicating
I/D genotype (Figure 1).

To avoiding overestimation of the ACE DD genotype,
all DD genotype samples were confirmed using another
specific primer pair for ACE 1 allele: forward, 5’ - TCG
GAC CACAGC GCC CGC CACTAC-3’; and reverse, 5
- TCG CCA GCC CTC CCA TGC CCA TAA -3, that pro-
duced a 335 bp product only in the presence of the I allele.

Genotyping the KLKI Al789G (rs5517) gene

The genotype of the KLK1 A1789G (rs5517) gene was tested
by PCR-TagMan-MGB probe. The primers and probes using
FAM and VIC fluorescent tagging two report groups were as
follows: TagMan probe using FAM and VIC fluorescent tags
two report groups, positive primer: 5’- CAC AGG TGT CTT
the TGC CAC CTT - 3°, reverse primer: 5’- CTC CCG GGT
TCG TAG TCT CAT - 3°. VIC - 5>- TTT TTC GCA CTC
ATC-3"-MGB; FAM - 5’- CTTTTTTGCACT CATC -3’
— MGB (all primers, probe and PCR reaction reagent pro-
vided by ABI Applied Biosystems by Life Technologies.
Assay ID: C - 2932115-20). Dd H,O instead of DNA was
used as blank control. The PCR products were determined
using Stepone plus Real Time PCR System (Biosystems
StepOnePlus™, USA). A 10% random sample of all samples
was repeat tested as quality control. Two kinds of report
group were tagged separately by fluorescent FAM and VIC,;
detecting the fluorescence intensity of FAM or VIC, corre-
sponding to different alleles, enabled us to judge the sample
as homozygous genotype of wild type (AA), homozygous
mutant (GG) or heterozygote (AG) (Figure 2).

Statistical methods

Mean value + standard deviation (SD) was used to describe
continuous variables with normal distribution, and per-
centages were used to present categorical variables.
Continuous variables that conform to normal distribution
were compared using Student’s 7-test, whereas categorical
data were compared with chi-square test. Hardy—Weinberg
equilibrium (HWE) for genotype distribution was per-
formed using chi-square test (p < 0.05). Binary and multi-
nomial logistic regression was performed to adjust the
variables that significantly differed in the univariate analy-
sis (p < 0.05). The strength of the association of the serum
levels of Angll and KLK1 as well as genetic risk factors
with the occurrence of AMI were estimated as ORs with
95% confidence intervals (CI). The two-sided p-value of <
0.05 was considered to be statistically significant. All
computations were performed using SPSS version 19.0
(SPSS Co. Chicago, IL, USA) for Windows.

Results

General characteristics of cases and controls

The characteristics of the two groups are shown in Table 1.
The univariate analysis showed the continuous variables
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Figure 2. Genotyping of the KLK/ (A/G) detected by PCR-
TaqMan-MGB probe SNP genotyping technology.

Notes: Red, blue and green circles correspond to homozygous mutant
GG, homozygous genotype AA and heterozygote AG, respectively. (A
and T, C and G are respectively complementary base).

of ALT, GGT, TP, ALB, GLB, DBIL, AST, TBA, CHO,
HDL, GLU, CR, and TT significantly differed between the
two groups. Qualitative variables of gender, age, smoking,
and diabetes (p < 0.05) also significantly differed between
the groups. The other variables were not significantly dif-
ferent between the two groups.

TP, ALB, and GLB were closely associated; similarly,
ALT was closely related to AST. Logistic regression analy-
sis indicated that of the above-mentioned variables, 14 vari-
ables including gender, age, smoking, diabetes, ALT, GGT,
TP, DBIL, TBA, CHO, HDL, GLU, CR and TT were statis-
tically significant. Thus, these 14 variables were potential
confounders to be adjusted in the logistic analysis.

Serum levels of Angll and KLK |

Table 2 shows the serum levels of Angll and KLK1 in the
two groups. As predicted, serum Angll levels were signifi-
cantly increased compared with the control group, whereas
serum KLK1 level was not significantly different between
the two groups. For further statistical analysis, the above
serum indicators were divided into low and high classifica-
tion variables according to the mean of the control group.
The two groups significantly differed.

Table 2 shows the four groupings of serum Angll level
combined with serum KLK1 level (Angll =120 & KLK1
=22, Angll =120 & KLK1>22, Angll >120 & KLK1 =22,
and Angll >120 & KLK1 >22). The percentages of the four
groupings significantly differed between the two groups.

Genotyping ACE and KLK

The frequencies of the ACE and KLK! genotypes in the
control group were compatible with HWE assessed by chi-
square test.

As shown in Table 3, the frequencies of the ACE DD,
ID, and II genotypes in the case group were 23.1%, 44.2%,
and 32.7%, respectively; whereas those in the control
group were 9.3%, 50.0%, and 40.7%, respectively. The
frequencies of the KLK1 GG, AG, and AA genotypes in the
case group amounted to 40.4%, 50.0%, and 9.6%, respec-
tively; whereas those in the control group amounted to
32.4%, 46.3%, and 21.6%, respectively. For the combined
genotype of ACE and KLK1 analysis, 13.5% of the cases
possessed ACE DD and KLKI GG genotypes, whereas
only 4.6% possessed these genotypes in the controls. The
two groups were significantly different.

Association of serum levels of Angll, KLK 1, and
polymorphisms of ACE and KLK | genotypes
with AMI

In the logistic regression model, the dependent variables were
(Y) =1 for case and Y = 0 for control. The independent vari-
ables included seven variables (X1 to X14) such as X1 = gen-
der (male = 1, female = 2), X2 = age, X3 = smoking (no =0,
yes = 1), and X4 = history of diabetes (no =0, yes =1). X5 to
X14 represent ALT, GGT, TP, DBIL, TBA, CHO, HDL,
GLU, CR and TT (which are possible confounding factors).
Two adjusted logistic regression models were used in the
analysis. The first model was adjusted for X1 to X4 variables,
and the second model adjusted for X1 to X14 variables.

As shown in Table 4, increasing serum levels of Angll
or KLK1 increased the risk for AMI. The OR and 95%CI
values were 4.96 (3.08-7.98) and 3.20 (2.04-5.01) in
model 1, respectively, and 7.19 (3.20-16.32) and 2.82
(1.36-5.84), respectively, in model 2.

The combination of serum Angll and KLK1 levels were
observed. Compared with the grouping of Angll =120 and
KLK1 =22, the three groupings of Angll =120 and KLK1
>22, Angll >120 and KLK1 =22, and Angll >120 and
KLKT1 >22 significantly increased the risk for AMI, with
ORs (95%CI) of 3.46 (1.54-7.76), 5.21 (2.71-9.99) and
12.21 (6.23-23.94), respectively, and 3.84 (1.03—14.42),
8.75 (2.86-26.75) and 19.52 (5.93-64.28) in model 2.

The OR and 95%CI values for the ACE DD genotype
were 5.13 (2.50-10.50) and 4.89 (1.32-18.08), respec-
tively, compared with those of the ACE 11 genotype in the
association of AMI in the two adjusted models. The OR
and 95%CI values for the KLK! GG genotype were 3.87
(1.86-8.03) and 3.00 (0.88—-10.32) respectively, compared
with the KLK1 AA genotype in the two adjusted models.

The combination of the two genotypes was compared
with people who possessed the ACE 11 and KLKI AA
combined genotypes. Individuals with the ACE DD and
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Table I. The baseline characteristics of the cases and control groups.

Variables Control (N=216) Cases (N=208) t/x? p
Gender(male/female, N) 120/96 148/60 11.086+ 0.001
Age (x %S, years) 58.53 £7.00 60.63 = 13.53 -1.998 0.047
BMI 25.69 £ 3.95 26.35 £ 4.01 —-1.691 0.092
Smoking (No/Yes, N) 156/60 88/116 36.456+ <0.001*
Drinking (No/Yes, N) 164/52 144/64 2.390+ 0.122
Hypertention (No/Yes, N) 132/84 108/100 3.642+ 0.056
Diabetes mellitus (No/Yes, N) 204/12 168/40 18416+ <0.001*
ALT (U/l) 22.76 + 10.30 46.15 +23.30 —-13.283 <0.001*
GGT (U/) 30.02 £22.39 35.29 £ 30.29 -2.031 0.043
AKP (u/l) 72.89 + 21.81 70.54 + 20.22 1.150 0.251
TP (g/l) 68.78 £ 8.77 61.25 + 4.67 11.090 <0.001*
ALB (g/l) 42.80 + 3.74 39.75 £ 14.87 2.876 0.004
GLB (g/l) 26.79 £ 4.08 23.09 £ 3.25 10.365 <0.001*
IBIL (uM) 9.70 £ 6.32 9.93 +4.89 —-0.409 0.683
TBIL (uM) 13.89 £ 791 14.84 + 6.04 -1.391 0.165
DBIL (uM) 444 + 1.6l 540 £2.94 —4.135 <0.001*
AST (u/l) 22.11 £ 10.65 188.92 + 147.44 —-16.276 <0.001*
AIG 1.66 +0.29 1.67 +0.28 -0.516 0.606
TBA (uM) 4.88 £ 391 3.77 £3.78 2.954 0.003
CHO (mM) 4.19 £0.93 4.59 £ 0.98 —4.261 <0.001*
TGs (mM) 1.52 +0.80 1.60 + 1.17 -0.854 0.394
HDL-c (mM) 1.324 £ 041 1.17 £ 0.24 4.633 <0.001
LDL-c (mM) 3.33£425 2.90 £ 0.74 1.466 0.144
GLU (mM) 5.36 £ 1.03 6.34 £2.03 —6.266 <0.001"
BUN (mM) 492 +2.19 4.99 + 1.63 -0.355 0.723
CR (uM) 66.83 £ 15.54 78.60 £ 27.96 -5.327 <0.001"
UA (uM) 308.46 £ 75.28 29248 + 107.77 1.764 0.079
PT (s) [1.4] +4.56 11.82 + 4.05 —0.962 0.336
FIB (g/l) 323+£0.73 323+£0.72 0.066 0.947
TT (s) 16.58 +2.32 15.40 + 3.54 4.116 <0.001*

BMI: body mass index; ALT: alanine aminotransferase; GGT: gamma-glutamyltranspeptidase; AKP: alkaline phosphatase; TP: total protein; ALB: albumin;
GLB: globulin; IBIL: indirect bilirubin; DBIL: detail bilirubin; TBIL: total bilirubin; AST: aspertate aminotransferase; A/G: albumin/globulin; TBA: total bile acid;
CHO: cholesterol; TGs: triglycerides; HDL-c: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; GLU: glucose; Cr: creatinine;
UA, uric acid; PT: prothrombin; FIB: fibrinogen; TT: thrombin time; x% chi-square test; t: 2 independent sample Student t-test for quantitative variables.

Table 2. The serum levels of Angll and KLK in the case and control groups.

Variables Controls Cases t/x? p
Angll (ng/l) 119.83 + 52.80 185.04 + 61.55 —-11.69 <0.001
KLK1 (ng/ml) 21.68 £ 13.64 22.63 £ 8.69 —-0.853 0.394
Angll =120 122 (56.5%) 42 (20.2%) 58.833 <0.001
>120 94 (43.5%) 166 (79.8%)

KLK1 =22 146 (67.6%) 92 (44.2%) 23.486 <0.001
>22 70 (32.4%) 116 (55.8%)

Angll & KLK 71.724 <0.001
=120&=22 92 (42.6%) 20 (9.6%)

=120&>22 30 (13.9%) 22 (10.6%)

>120&=22 54 (25.0%) 72 (34.6%)

>1208&>22 40 (18.5%) 94 (45.2%)

Angll: angiotensin Il; KLK: tissue kallikrein; Angll&KLK : Angiotensin Il and tissue kallikrein.

KLKI GG combined genotype showed significantly =~ and OR=4.93, 95%CI 5.93-64.28) in the two adjusted
increased risk of AMI (OR=9.02, 95%CI 3.40-23.89,  models, respectively (Table 4).
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Table 3. The frequency distribution of the ACE and KLK/ genotypes in the cases and controls.

Variables Control Case x? p
ACE(I/D)genotype 15.228 <0.001
Il 88 (40.7%) 68 (32.7%)
ID 108 (50.0%) 92 (44.2%)
DD 20 (9.3%) 48 (23.1%)
KLK1(A/G)genotype 11.447 0.003
AA 46 (21.6%) 20 (9.6%)
AG 100 (46.3%) 104 (50.0%)
GG 70 (32.4%) 84 (40.4%)
ACE&KLK genotypes 10.026 0.006
ACE II&KLK T AA 20 (9.3%) 16 (7.7%)
ACE ID&KLKI AA/AG/GG 186 (86.1%) 164 (78.8%)
ACE DD&KLK! GG 10 (4.6%) 28 (13.5%)

x% chi-square test.

Table 4. The association between the serum levels of Angll/KLK| and the genotypes of ACE/KLK| with AMI.

Variables AOR(95%Cl): Model | AOR(95%Cl): Model 2
Angll =120 1.00 1.00

>120 4.96 (3.08-7.98) 7.19 (3.20-16.32)
KLKI =22 1.0 1.0

>22 3.20 (2.04-5.01) 2.82 (1.36-5.84)
ACE genotype

1l 1.00 1.00

ID 1.20 (0.74-1.93) 1.12 (0.45-2.78)
DD 5.13 (2.50-10.50) 4.89 (1.32-18.08)
KLK! genotype

AA 1.00 1.00

AG 2,61 (1.30-5.22) 4.12 (1.18-14.32)
GG 3.87 (1.86-8.03) 3.00 (0.88-10.32)
AnglI&KLK

=120&=22 1.00 1.00

=120&>22 3.46 (1.54-7.76) 3.84 (1.03-14.42)
>120&=22 5.21 (2.71-9.99) 8.75 (2.86-26.75)
>1208&>22 12.21 (6.23-23.94) 19.52 (5.93-64.28)

ACE&KLK| genotypes

ACE I1&KLKT AA

ACE ID&KLK I AA/AG/GG

ACE DD&KLKI GG

1.00

.35 (0.85-2.13)
9.02 (3.40-23.89)

1.00

.25 (0.55-2.86)
4.93 (5.93-64.28)

Notes: Model |: 4 variables (gender, age, the history of smoking and diabetes mellitus) were adjusted; Model 2: the above four variables plus 10
variables (ALT, GGT, TP, DBIL, TBA, CHO, HDL, GLU, CR and TT) were adjusted. AOR: adjusted odds ratio; 95% Cl: 95% confidence interval.

Analysis of the association of serum levels of

Angll, KLK 1, and polymorphism of ACE/KLK
with AMI by using the same logistic regression
model

Analysis was performed for the two serum biomarkers
combined and for the two genes combined. Hence, three
models were used in the analysis. The first model
included the above four terms individually and the 14
variables (as mention in Table 4), the second model
included the combined serum biomarkers and two genes

individually and the 14 variables, and the third model
included the combined terms of the two serum biomark-
ers and the two genes combined and the 14 variables
(Table 5).

In the first model, increasing serum levels of Angll and
KLK1 biomarkers after adjusting the above variables were
significantly associated with AMI. Compared with the
ACE 1I genotype, the ACE DD genotype increased the risk
of AMI (OR=4.66, 95%CI 1.12-19.29); however, the
KLK1 GG genotype did not show a significant correlation
with AMI as compared with the KLKI1 AA genotype.
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Table 5. Association of the serum levels of Angll, KLK| and ACE/KLK! polymorphisms with AMI in the same logistic regression

model.

Variables OR(95%CI)» Variables OR(95%CI)» Variables OR(95%CI)»
Model |2 Model 22 Model 32

Angll AnglI&KLK | Angll&KLK

=120 1.00 =120&=22 1.00 =120&=22 1.00

>120 6.43 (2.77-14.97) =120&>22 3.08 (0.77-12.40) =120&>22 4.62 (1.11-19.33)

KLK1=22 1.00 >120&=22 7.51 (2.37-23.76) >120&=22 11.32 (3.47-37.00)

>22 2.46 (1.08-5.60) >120&>22 16.57 (4.88-56.20) >1208&>22 23.85 (6.88-82.65)

ACE genotype ACE genotype ACE&KLK genotypes

1l 1.00 Il 1.00 ACE II&KLKTAA 1.00

ID 1.38 (0.51-3.72) ID 1.32 (0.48-3.65) ACEID&KLKIAAIAG/ 1.13 (0.45-2.85)

GG

DD 4.66 (1.12-19.29) DD 4.46 (1.06-18.66) ACE DD&KLKI GG 8.77 (1.74-44.16)

KLKI genotype KLK [ genotype

AA 1.00 AA 1.00

AG 2.36 (0.58-9.63) AG 2.27 (0.55-9.39)

GG 2.31 (0.59-9.02) GG 2.20 (0.55-8.76)

OR: adjusted odds ratio; 95%Cl: 95% confidence interval.

2Model I: in the regression model included 14 adjusted variables (as mentioned in Table 4), the serum levels of Angll and KLKI, the genotypes

of ACE I/D and KLK/ (rs5517) A/G; Model 2: in the regression model included 14 adjusted variables (as mentioned in Table 4), the variable of the
serum levels of Angll combined with the serum levels of KLK |, and ACE I/D genotype and KLK/ (rs5517) A/G genotype; Model 3: in the regression
model included |4 adjusted variables (as mentioned in Table 4), the variable of the serum levels of Angll combined with the serum levels of KLKI,

the variable of the ACE/KLK| genotype combined.

In the second model, the two groupings of Angll >120
and KLK1 =22, and Angll >120 and KLK1 >22 increased
the risk of AMI compared with the grouping of Angll =
120 and KLK 1 = 22 after adjusting for the above variables
for the two combined serum biomarkers. The ORs (95%CI)
for Angll >120 and KLK1 =22, and Angll >120 and
KLK1 >22 were 7.51 (2.37-23.26), 16.57 (4.88-56.20)
respectively. Only the ACE DD genotype was a risk factor
in AMI (OR=4.46, 95%CI 1.06-18.66); this finding is
similar to that obtained using model 1.

In the third model, the last three groupings were sig-
nificantly associated with AMI compared with the first
(Angll =120 and KLK1 =22) after adjusting for the
above-mentioned variables for the two combined serum
biomarkers. Compared with individuals exhibiting the
ACE 11 and KLKI1 AA combined genotype, those with
the ACE DD and KLKI GG combined genotype exhib-
ited significantly increased risk of AMI (OR=8.77;
95%CI 1.74-44.16).

Discussion

This study showed two novel findings. First, the levels of
the two serum biomarkers Angll and KLK1 increased at
the same time, thereby increasing the risk of AMI. Second,
a synergistic interaction was observed between the ACE
DD and KLKI! GG genotypes in the risk of AMI for
Chinese people compared with the ACE 11 and KLKI AA
genotypes. Therefore, the ACE DD and KLKI GG com-
bined genotype increases the risk of AMI.

Inactive Angl is converted into the bioactive octapep-
tide (Angll) through the action of ACE or other enzymes.*
Angll generated by ACE elicits a vasoconstrictive effect,
promotes thrombosis, and enhances the expression of
platelet-derived growth factor, proliferation of smooth
muscle cells, and inhibition of plasmin activity.!? Patients
with AMI exhibited significantly higher AnglII levels than
the normal controls.! Some reports suggested that KLK1 is
a unique key enzyme of the kallikrein—kinin system
(KKS), which catalyzes inactive kininogen and converts it
to the bioactive bradykinin (BK).>!13.14 KLK1 and BK con-
fer a series of cardiovascular protective effects. However,
some studies have suggested that a high serum KLK1 level
is positively associated with the presence of CAD and neg-
atively associated with the severity of CAD; moreover,
plasma-elevated KLK1 levels are a useful predictor for the
presence and extent of CAD.313

This study found that simultaneously increases in serum
levels of Angll and KLK1 were significantly associated
with AMI. This finding could be due to acute coronary
occlusion of patients with AMI. The KKS is activated ear-
lier than the renin—angiotensin—aldosterone system
(RAAS) and plays a key role in protecting against acute-
phase ischemia. In severe myocardial ischemia, the RAAS
is also over activated as a stress response.!©

The human ACE gene is located on chromosome 1723
and is a typical insertion (I)/deletion(D) polymorphism
because of the absence of a 287bp Alu repeat sequence at
intron 16.17 The polymorphism produces three genotypes
including a heterozygous genotype (ID) and homozygous
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genotypes (DD and II). ACE catalyzes the conversion of
Angl into bioactive Angll, as well as the inactivation of
BK via the KKS.# The levels of circulating, intracellular,
and heart tissue activities of ACE in subjects with the
ACE DD genotype were higher than those with the II gen-
otype.'® The ACE DD genotype is related to the risk of
CAS.>1® Moreover, the ACE DD genotype may play a key
role in the onset of AMI'718 by altering serum ACE level
or activity and increasing the instability of atherosclerotic
plaques.?’ In the present study, the ACE DD genotype was
significantly associated with AMI in Chinese patients.
The results are in accordance with those of previous
reports, in which the ACE DD genotype increased the risk
of PTCA-stent among Asians (OR = 2.18, 95%CI 1.08-
4.40,p=0.03).8

KLK1 A1789G (rs5517) is a unique polymorphism of
the KLKI gene exon 4 coupled with the single nucleotide
substitution Lys—Glu. Functional analysis has suggested
that different haplotype alleles significantly contribute to
kallikrein expression.?!22 In one animal study, increasing
BK outflow of transgenic rats harboring KLK/ gene-mod-
ified endothelial progenitor cells were investigated under
basal and ischemic conditions to promote angiogenesis in
rats with ischemic hindlimb.?*> Some reports have shown
that KLKI/GG may be associated with human essential
hypertension.?*25 Our previous results suggested that the
KLK1 GG genotype of KLK1 A1789G (1s5517) is associ-
ated with CAS in the Chinese Han population.?

Our results suggest that patients with the ACE DD and
KLKI GG combined genotype had a significantly
increased in the risk of AMI (p < 0.05) compared with
those with the ACE 11 and KLKI AA combined genotype,
showing their synergistic effect on the occurrence of AMI.
However, we did not find a significant correlation between
the serum levels of Angll or KLK1 and the genotypes of
ACE and (or) KLKI, indicating they have independent
effects in the risk of AMI.

The mechanism for the observed results remains
unclear. We have established the following views based
on literature review. Angll is believed to be a potential
pro-inflammatory factor. Angll can stimulate the secre-
tion of cytokines, such as IL-6 and tumor necrosis factor
alpha (TNFa) as well as serum C-reactive protein (CRP),
which induces the inflammation and instability of athero-
sclerosis (AS) plaques.?® A recent study identified the
lack of association between six different genetic poly-
morphisms (ACE (I/D), A-240T and A2350G, angio-
tensinogen M235T, ATI receptor A1166C, and AT2
receptor C3123A polymorphisms) of RAS with increase
in serum CRP level.?” These reports provide evidence
that supports the present findings.

The protective effect of the KKS against cardiovascular
diseases involves several signaling pathways, such as
nitric oxide (NO)-cyclic guanosine monophosphate (Akt-
GSK-3f) which is activated by binding KLK1 to their
respective receptors to protect against apoptosis, ischemia,

inflammation, and ventricular remodeling.?® Nuclear fac-
tor-related factor 2 (Nrf2) is a master regulator of redox
homeostasis that protects cells in adapting to oxidative
stress and accelerates cell proliferation. The phosphoryla-
tion of Akt—GSK—3p active Nrf2 with non-phosphorylated
DSGIS motif within the Neh6 domain activates the Nrf2/
ARE (antioxidant responses elements) pathway, increas-
ing Nrf2 stability and ARE-driven gene expression, such
as antioxidant and anti-inflammatory protein gene expres-
sion.?? The phosphorylation of Akt-GSK-3p also inhibits
thrombus growth to increase plaque stability.*
Furthermore, KLK1 inhibits nuclear factor-kappa-binding
(NF-xB) activation by inhibiting the phosphorylation and
degradation of IkB-a. These events lead to the inhibition
of NF-k B release from the I3B-3/NF-3B complex and
NF-k B-driven gene expression, such as oxidant and
inflammatory protein gene expression.?8

ACE and Angll play a key role in the development of
cardiovascular diseases and can be modulated by some
components of 4CE gene abnormalities and disorders.?!
Several signaling pathways are linked with angiogenesis,
including EGFR-PI3K-PTEN-AKT, KRAS-BRAF-MEK-
MAPK, and external stimulating factor ROS-GST-NF-x
B.3233 The expression of ACE is directly related to the
NF-k B pathway through 20 hydroxyeicosatetraenoicacid
(20-HETE) and promotes myocardial injury. 20-HETE is
identified based on the transcription of ACE via NF-kB
translocation and promoter binding by the distinct EGFR-
MAPK-IKK-NF-kB pathway.34

NF-kB is related to inflammation and cardiovascular
complications because of the capacity of ACE gene tran-
scription factor.?> The present study suggested that the
combined ACE DD and KLK1 GG genotypes increased the
risk of AMI, which may have been associated with the
above-mentioned common joint points (NF-kB) of bio-
logical information pathways.

Overall, 147 gene variants have been detected, which
comprises only a small proportion of the heritability
(20%) and is weakly associated with AS, CAS, and AMI
(OR = 1.1-1.5) by using the genome-wide association
study (GWAS) method.’® The pathogenesis of AMI
involves multiple genetic and environmental factors as
well as their interaction.’’3® Structural gene variants,
such as insertion or deletion as well as the interactions of
gene—gene or gene—environment, are poorly captured by
GWAS methodology.3%3° Notable, the GWAS study did
not indicate that ACE and KLKI genes are associated
with AS. The reason may be related to the GWAS itself;
detecting a powerful effect on a locus of the gene made
others genes’ effects indistinguishable.*’ The risk or pro-
tective factors and pathogenesis are different for AS,
CAD, CAS and AMI.* Furthermore, the traditional epi-
demiology heritability of CAS and in-stent restenosis has
not been established. Phenotypically well-defined cases
and controls must be analyzed to overcome the limita-
tions of the GWAS method.30-40
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The conclusion should be proven by a larger and a more
precise selection of homogenous cases and controls,
because of insufficient sample size used in the study.

In conclusion, this study presented the following novel
results. (1) The risk of AMI will increase significantly if
the serum Angll and KLK1 levels simultaneously increase.
(2) Individuals with the ACE DD and KLK1 5517GG com-
bined genotype had significantly increased risk of AMI
compared with those with the ACE 11 and KLK1 5517AA
combined genotypes. The results of the study may lay a
foundation for further research on the etiology of AMI.
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