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Background: MLL5, a member of the histone-lysine N-methyltransferase
family, has been implicated in the control of the cell cycle progression
and survival. The aim of this study was to explore the relationship
between the interaction of histone-lysine N-methyltransferase MLL5
gene polymorphism and CAD in a Chinese Han population.

Methods: Using a case–control study of Chinese CAD patients (n =
565) and healthy controls (n = 694), we investigated the MLL5 gene
polymorphism by the use of polymerase chain reaction fragment
length polymorphism (PCR–RFLP) analysis.

Results: For total, the distribution of SNP1 (rs12671368) and SNP2
(rs2192932) genotypes showed a significant difference between CAD
and control participants (P1 = 0.03, P2 = 0.02). For total the distribution
of SNP1 (rs12671368) and SNP2 (rs2192932) alleles in the dominant
model (GG vs. AA + AG) and the recessive model (AA vs. AG + GG)
showed a significant difference between CAD and control participants
(for allele: P1 b 0.01 and P2 = 0.05, for dominant model: P1 N 0.05
and P2 = 0.02, for recessive model: P1 = 0.03 and P2 = 0.78,
respectively). For total the significant difference of the distribution
of SNP1 and SNP2 in the dominant model and recessive model was
retained after adjusting for covariates (for dominant model: SNP1
OR: 1.68, 95% confidence interval [CI]: 1.08–2.64, P = 0.02; SNP2
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OR: 0.51, 95% CI: 0.36–0.72, P = 0.01; for recessive model: SNP1 OR:
1.84, 95% confidence interval [CI]: 1.28–2.64, P b 0.01; SNP2 OR:
0.65, 95% CI: 0.35–1.22, P = 0.18).

Conclusions: The GG genotype of rs12671368 and the AA genotype
of rs2192932 in the MLL5 gene could be protective genetic markers
of CAD.
© 2014 The Authors. Published by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Introduction

Coronary artery disease (CAD) is one of the major causes of mortality; the World Health Organization
reports that currently 17.1 million deaths a year are attributed to these diseases, and the number is
expected to rise (Cartwright et al., 2011). Many epidemiological studies show that smoking, obesity,
diabetes, hypertension and hyperlipidemia are risk factors for CAD. However, in some individuals,
coronary artery disease is not associated with any of these risk factors, suggesting that other genetic
factors contribute to a predisposition to coronary atherosclerosis and its thrombotic complications (Qi et
al., 2013). Many studies show that gene epigenetics changes have a close relationship with atherosclerosis
such as that induction of elevated homocysteine levels can change human vascular smooth muscle cells'
DNAmethylation changes leading to the occurrence of atherosclerosis (Yideng et al., 2007). Histone-lysine
N-methyltransferase MLL5 also called mixed lineage leukemia 5 (MLL5) is also known as lysine
methyltransferases 2E (KMT2E). MLL5 belongs to the MLL family of methyltransferases that regulate gene
expression during developmental processes. These enzymes catalyze the addition of methyl groups to the
ɛ-amino moiety of lysine and are highly specific for lysine 4 of histone H3. The MLL family member MLL3
plays an important role in generating fat. MLL5 is a putative tumor suppressor encoding a SET and PHD
domain protein homologous to Drosophila trithorax (Cheng et al., 2008; Deng et al., 2004; Emerling et al.,
2002). and yeast SET3 (Kittler et al., 2007). Recent studies establish a role for MLL5 in hematopoietic stem
cells (Heuser et al., 2009; Madan et al., 2009; Zhang et al., 2009), and three independent studies reported
the genetic analysis of MLL5 deficiency in mice that suffer from mild growth retardation but do not
develop spontaneous leukemia (Heuser et al., 2009; Madan et al., 2009; Zhang et al., 2009). A recent
(Bjorkegren et al., 2014) study stated that MLL5 was the only key master regulator that was specific for the
mature atherosclerosis regression network according to the hypergeometric test, as well as the specific
master regulator of partial regression in mature lesions.

Previous studies have shown that overexpression or knockdown of MLL5 impeded cell-cycle progression
and proposed that MLL5 may participate in the cell-cycle regulatory network at multiple stages of the cell
cycle (Cheng et al., 2008; Deng et al., 2004). A study showed that MLL5 is a substrate of Cdc2 kinase, and
phosphorylation of MLL5 is required for mitosis progression (Liu et al., 2010).

To the best of our knowledge, there has been no previous study on the association between human
MLL5 and CAD. Therefore, our aim was to investigate this via a haplotype-based case–control study that
used SNPs in conjunction with separate analyses of data with regard to sex.
Methods

Subjects diagnosed with CAD were recruited at the First Affiliated Hospital of Xinjiang Medical
University, from 2006 to 2012. We enrolled 565 coronary artery disease (CAD) patients. All subjects who
agreed to participate in the study were evaluated by way of a detailed questionnaire that provided
information about coronary risk factors such as smoking habit, the presence of diabetes mellitus or
hypertension. CAD was diagnosed by angiography, which was defined as the presence of at least one
significant coronary artery stenosis of ≥50% luminal diameter on coronary angiography. The study also
enrolled 694 Han people as controls. The subjects were from a Han population who lived in the Xinjiang
Uygur Autonomous Region of China. These individuals did not have: a history of CAD; electrocardiographic
signs of CAD. Demographic data about the presence of traditional coronary risk factors, including
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hypertension, diabetes mellitus, smoking habit, alcohol consumption and serum cholesterol, were
collected from all study participants. We used SPSS 19.0.

Hypertension was defined as having a systolic blood pressure above 140 mm Hg or/and diastolic blood
pressure above 90 mm Hg or using any anti-hypertensive agent.

Dyslipidemia was diagnosed according to the current guidelines from the National Cholesterol
Education Program (NCEP) Adult Treatment Panel (ATP) III: any abnormal status of TG, HDL-C and LDL-C
(TG ≥ 1.70 mmol/L, HDL-C b 0.91 mmol/L, LDL-C ≥ 3.46 mmol/L). Hypercholesterolemia was defined as
a documented total cholesterol value ≥200 mg/dL (≥5.2 mmol/L) (Kesteloot et al., 1989).

In addition, individuals with fasting plasma glucose N7.0 mmol/L or with a history of diabetes or
treatment with insulin were considered diabetic. Smoking was classified as smokers (including current
and ex-smokers) or non-smokers. All patients with impaired renal function, malignancy, connective tissue
disease, valvular disease or chronic inflammatory disease were excluded.
Ethical approval of the study protocol

Written informed consent was obtained from all participants. All participants explicitly provided
permission for DNA analyses as well as collection of relevant clinical data. This study was approved by the
Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University (Urumqi, China). It was
conducted according to the standards of the Declaration of Helsinki.
Genotyping

The human MLL5 gene is located on chromosome 7q22.1, spans approximately 6.7 kbp, and contains
26 exons. There are 2157 SNPs listed in the National Center for Biotechnology Information SNP database
Build 129 (http://www.ncbi.nlm.nih.gov/SNP). We screened the data for tag SNPs on the International
HapMap Project website (http://www.hapmap.org/index.html.ja) using a cutoff level of r2 ≥ 0.8. For the
minor allele frequencies (MAF), we used a cutoff level of ≥0.2. SNPs with relatively high minor allele
frequencies have been shown to be very useful as genetic markers for genetic case–control studies. In
accordance with these criteria, there are 4 tag SNPs and we selected SNP1 (rs12671368) and SNP2
(rs2192932) for this gene (Fig. 1). SNP2 was located in the promoter region, whereas SNP1 was located in
the coding regions of MLL5-1 intron 5 and in the regions of MLL5-2 intron 6. Blood samples were collected
from all participants, and genomic DNAwas extracted from the peripheral blood leukocytes by phenol and
chloroform extraction. Genotyping was performed using polymerase chain reaction fragment length
polymorphism. Extraction using the whole blood genomic DNA extraction kit (Day Biochemical Co., LTD.)
shall be carried out in accordance with the manual steps. Primers using Primer premier 5.0 software
design the SNP1 sense primer: 5′AGAAGGTGTGATTGGGA3′; antisense primer: 5′TAATACTTGGCTTTA
GGG3′ and the SNP2 sense primer: 5′GGAGAAAGGCAGATAAGAAAATAGGG3′; antisense primer: 5′
AGGTAGAGAGGGAGAAGTGACGATG3′, Genotyping for SNP1 and SNP2 in the present case–control study
was done by PCR amplification of 340 bp and 540 bp, followed by restriction digestion with bst4cI and
Eco130I (Ferments, Beijing, China).
Characteristics of study participants

The study cohort consists of 1259 subjects (709 men; 550 women). The clinical and metabolic
characteristics of the study population are shown separately for men and women in Table 1.
MLL5 genotype and allele frequencies

All genotyped SNPs were in the Hardy–Weinberg equilibrium and commonly with MAF (P ≥ 0.2).
Table 2 shows detailed information for each SNP as well as the allele frequencies.

http://www.ncbi.nlm.nih.gov/SNP
http://www.hapmap.org/index.html.ja
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Genotyping of MLL5 SNPs

There are 2157 SNPs for the human MLL5 gene listed in the National Center for Biotechnology
Information SNP database (http://www.ncbi.nlm.nih.gov/SNP). It has been observed that adjacent SNPs
are often highly correlated. To reduce genotyping cost, many algorithms have been developed to select the
smallest set of SNPs such that all the other SNPs can be inferred from them.We selected the tag SNPs of the
Fig. 1. A: tag SNPs' location in the MLL5 gene; B: (top) SNP1 (rs12671368) PCR products by bst4c1 enzyme digestion; (bottom) SNP2
(rs2192932) PCR products by Eco1301 enzyme digestion.

http://www.ncbi.nlm.nih.gov/SNP


Table 1
Characteristics of study participants.

Total Men Women

CAD patients Control subjects P value CAD patients Control subjects P value CAD patients Control subjects P value

Number (n) 565 694 0.77 415 294 0.35 150 400 0.56
Age, mean (SD) 59.93 ± 9.90 49.46 ± 9.32 0.00⁎ 58.80 ± 10.13 48.71 ± 8.86 0.00⁎ 63.04 ± 8.53 50.01 ± 9.62 b0.01⁎

BMI, mean (SD) 25.75 ± 3.45 24.58 ± 3.44 0.01⁎ 26.06 ± 3.47 24.81 ± 3.12 0.15 24.87 ± 3.23 24.41 ± 3.65 0.29
BUN, mean (SD) 6.18 ± 3.17 4.91 ± 1.41 0.02⁎ 6.38 ± 3.38 5.19 ± 1.42 0.81 5.61 ± 2.39 4.70 ± 1.36 0.08
Cr, mean (SD) 85.66 ± 60.73 76.28 ± 20.64 0.23 87.34 ± 65.15 88.39 ± 20.12 0.11 80.90 ± 45.80 67.36 ± 15.96 0.53
UA, mean (SD) 283.31 ± 134.06 293.70 ± 77.42 0.16 280.93 ± 137.60 331.02 ± 76.36 0.36 290.07 ± 123.70 266.36 ± 65.99 0.30
Glu, mean (SD) 6.46 ± 2.72 5.06 ± 0.67 b0.01⁎ 6.51 ± 2.72 5.22 ± 0.73 b0.01⁎ 6.33 ± 2.74 4.95 ± 0.66 b0.01⁎

TG, mean (SD) 5.31 ± 8.69 1.47 ± 1.08 b0.01⁎ 5.80 ± 9.09 1.70 ± 1.32 0.35 3.90 ± 7.22 1.31 ± 0.82 b0.01⁎

TC, mean (SD) 5.14 ± 2.82 4.61 ± 0.10 b0.01⁎ 5.26 ± 2.95 4.60 ± 0.99 0.06 4.79 ± 2.39 4.61 ± 1.00 0.12
HDL, mean (SD) 14.26 ± 35.96 1.29 ± 0.47 b0.01⁎ 16.10 ± 37.71 1.27 ± 0.45 0.00⁎ 7.68 ± 25.81 1.30 ± 0.49 b0.01⁎

LDL, mean (SD) 2.30 ± 1.69 2.91 ± 0.95 b0.01⁎ 2.20 ± 0.99 2.86 ± 0.88 0.11 2.33 ± 1.04 2.94 ± 0.99 0.20
Hypertension (%) 231 (40.9%) 278 (40.1%) 0.77 173 (41.7%) 112 (38.1%) 0.35 58 (38.7%) 166 (41.5%) 0.56
DM (%) 103 (18.3%) 1 (0.1%) b0.01⁎ 76 (18.4%) 1 (0.3%) 0.00⁎ 27 (18.1%) 0 (0%) b0.01⁎

Smoke (%) 200 (35.4%) 204 (29.4%) 0.03⁎ 200 (48.2%) 201 (68.4%) 0.00⁎ 0 (0%) 3 (0.8%) 0.57
Alcohol consumption (%) 137 (24.2%) 130 (18.7%) 0.02⁎ 136 (32.8%) 120 (40.8%) 0.03⁎ 1 (0.7%) 10 (2.5%) 0.30

BMI, body mass index; BUN, blood urea nitrogen; Cr, creatinine; Glu, glucose; TG, triglyceride; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; DM, diabetes
mellitus. Continuous variables were expressed as mean ± standard deviation. P value of continuous variables was calculated by independent T-test.
The P value of categorical variable was calculated by Fisher's exact test.
⁎ P b 0.05.
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Table 2
Genotype and allele distributions in patients with CAD and control subjects.

Total Men Women

CAD n (%) Control n (%) P value CAD n (%) Control n (%) P value CAD n (%) Control n (%) P value

rs12671368 (SNP1) Genotype Dominant model G/G 88 (15.6) 138 (19.9) 0.04⁎ 67 (16.1) 58 (19.7) 0.34 21 (14.0) 80 (20.0) 0.04⁎

A/A 213 (37.7) 220 (31.7) 149 (35.9) 93 (31.6) 64 (42.7) 127 (31.8)
G/A 264 (46.7) 336 (48.4) 199 (48.0) 143 (48.6) 65 (43.3) 193 (48.3)
GG 88 (15.6) 138 (19.9) 0.06 67 (16.1) 58 (19.7) 0.23 21 (14.0) 80 (20.0) 0.11
AG + AA 477 (84.4) 556 (81.1) 348 (83.9) 236 (80.3) 129 (87.0) 320 (80.1)

Recessive model AA 213 (37.7) 220 (31.7) 0.03⁎ 149 (35.9) 93 (31.6) 0.26 64 (42.7) 127 (31.8) 0.02⁎

AG + GG 352 (62.3) 474 (68.3) 266 (64.1) 201 (68.4) 86 (57.3) 273 (68.3)
Additive model GA 264 (46.7) 336 (48.4) 0.57 199 (48.0) 143 (48.6) 0.88 65 (43.3) 193 (48.3) 0.34

GG + AA 301 (53.2) 358 (51.6) 216 (52.0) 151 (51.3) 85 (56.7) 207 (51.8)
Allele G 440 (38.9) 612 (44.1) 0.01⁎ 333 (40.1) 259 (44.0) 0.14 107 (35.7) 353 (44.1) 0.01⁎

A 690 (61.1) 776 (55.9) 497 (59.9) 329 (56.0) 193 (64.3) 447 (55.9)
rs2192932 (SNP2) Genotype Dominant model G/G 324 (57.3) 348 (50.1) 0.02⁎ 234 (56.4) 151 (51.4) 0.41 90 (60.0) 197 (49.3) 0.01⁎

A/A 37 (6.5) 65 (9.4) 32 (7.7) 24 (8.2) 5 (3.3) 41 (10.3)
G/A 204 (36.1) 281 (40.5) 149 (35.9) 119 (40.5) 55 (36.7) 162 (40.5)
GG 323 (57.3) 348 (50.1) 0.01⁎ 233 (56.3) 151 (51.4) 0.19 90 (60.0) 197 (49.3) 0.03⁎

AG + AA 241 (42.7) 346 (49.9) 181 (43.7) 143 (48.6) 60 (40) 203 (50.7)
Recessive model AA 37 (6.5) 65 (9.4) 0.08 32 (7.7) 24 (8.2) 0.89 5 (3.3) 41 (10.3) 0.01⁎

AG + GG 528 (93.5) 629 (90.6) 383 (92.3) 270 (91.8) 145 (96.7) 359 (89.8)
Additive model GA 204 (36.1) 281 (40.5) 0.12 149 (35.9) 119 (40.5) 0.24 55 (36.7) 162 (40.5) 0.01⁎

GG + AA 361 (63.9) 413 (59.5) 266 (64.1) 175 (59.5) 95 (63.3) 238 (59.5)
Allele G 852 (75.4) 977 (70.4) 0.01⁎ 617 (74.3) 421 (71.6) 0.27 235 (78.3) 556 (69.5) b0.01⁎

A 278 (24.6) 411 (29.6) 213 (25.7) 167 (28.4) 65 (21.7) 244 (30.5)

CAD, coronary artery disease.
The P value of genotype was calculated by Fisher's exact test.
⁎ P b 0.05.
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Table 3
Multiple logistic regression analysis for CAD patients and control subjects of a Han population.

Total Men Women

OR 95% CI P OR 95% CI P OR 95% CI P

a
rs12671368 Dominant model (GG vs. GA + AA) 1.69 1.08–2.64 0.02⁎ 1.64 0.92–2.93 0.09 1.95 0.90–4.19 0.09

Hypertension 0.96 0.68–1.36 0.82 1.11 0.71–1.73 0.54 0.81 0.44–1.48 0.50
DM 343.28 32.77–3595.81 b0.01⁎ 96.03 11.96–770.87 b0.01⁎ NA NA 0.10

rs12671368 Recessive model (AA vs. GA + GG) 1.84 1.28–2.64 b0.01⁎ 1.58 0.99–2.52 0.06 2.77 1.45–5.19 b0.01⁎

Hypertension 0.90 0.63–1.28 0.56 1.06 0.68–1.66 0.64 0.72 0.39–1.32 0.29
DM 332.85 33.82–3275.94 b0.01⁎ 99.46 12.30–804.48 b0.01⁎ NA NA 0.10

b
rs2192932 Dominant model (GG vs. GA + AA) 0.51 0.36–0.72 0.01⁎ 0.60 0.39–0.95 0.02⁎ 0.31 0.16–0.57 b0.01⁎

Hypertension 0.89 0.63–1.27 0.89 1.08 0.69–1.70 0.73 0.66 0.35–1.22 0.18
DM 352.60 36.36–3419.33 b0.01⁎ 103.19 12.66–841.04 b0.01⁎ NA NA 0.10⁎

rs2192932 Recessive model (AA vs. GA + GG) 0.65 0.35–1.22 0.18 1.07 0.48–2.38 0.87 0.28 0.08–0.92 0.04⁎

Hypertension 0.94 0.66–1.33 0.73 1.08 0.69–1.69 0.52 0.79 0.43–1.44 0.44
DM 333.09 46.279–5569.708 b0.01⁎ 93.02 11.68–741.04 b0.01⁎ NA NA 0.10

Adjusting for age; BMI (body mass index); sex; hypertension; smoking habit; TG (triglyceride); cholesterol; HDL-C (high-density lipoprotein cholesterol); LDL-C (low density lipoprotein); DM
(diabetes mellitus); alcohol consumption.
The P value of genotype was calculated by Fisher's exact test.
⁎ P b 0.05.
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MLL5 gene on the International HapMap Project website using phase I & II database (http://www.hapmap.
org/). We obtained two tag SNPs (rs12671368 and rs2192932 for the MLL5 gene) spanning the coding
region of 5.6 kb in MLL5-1 and 5.6 kb in MLL5-2 for Chinese Han subjects using MAF ≥ 0.2 and linkage
disequilibrium patterns with r2 ≥ 0.8 as a cutoff. Because rs12671368 and rs2192932 are synonymous
mutations, therefore, in the present study, two SNPs of the MLL5 gene were selected for genotype
detection. Genomic DNA was extracted from peripheral blood leukocytes using a DNA extraction kit
(Beijing Biotech Company Limited, Beijing, China). Genotyping was confirmed by polymerase chain
reaction (PCR) restriction fragment length polymorphism (RFLP) analysis. The primers of these two SNPs
were designed by using Primer Premier 5.0. Their synthesis was undertaken by Shanghai Genery Biological
Technology Company Limited (Shanghai, China). The primer pair sequences, annealing temperatures, and
restriction enzymes for the two SNPs have been described previously. Digestion of restriction enzymes
was according to the manufacturer's instructions. To ensure that the results are verified, we used
sequenced genomic DNAs as positive controls in our assays.

Statistical analyses

All continuous variables are expressed as the mean ± SD. Differences in continuous variables between
CAD patients and control subjects were analyzed using the Mann–Whitney U test. Differences in
categorical variables were analyzed using Fisher's exact test. The Hardy–Weinberg equilibrium was
assessed by χ2 analyses. Differences in the distributions of genotypes and alleles between CAD patients
and control subjects were analyzed using Fisher's exact test. Based on the genotype data of the genetic
variations, linkage disequilibrium (LD) analyses and a haplotype-based case–control study were carried
out using the expectation maximization (EM) algorithm with the SNPAlyze software program ver 3.2
(Dynacom, Yokohama, Japan). |D′| values N0.5 were used to assign SNP locations to one haplotype block.
Tagged SNPs showing r2 b 0.5 (which meant availability for the haplotype) were selected. In this
haplotype-based case–control study, haplotypes with a frequency b0.01 were excluded. The frequency
distribution of occurrence of the haplotypes was calculated by χ2 analyses. In addition, logistic regression
analyses were undertaken to assess the contribution of essential hypertension, DM, BMI, smoking habit
and other factors entered into the model. P b 0.05 was considered significant. Statistical analyses were
carried out using SPSS ver 12 (SPSS, Chicago, IL, USA).

Result

Characteristics of study participants

The clinical characteristics of the study participants from a Han population are shown in Table 1, and
there was a significant difference in age, BMI and LDL-C between CAD patients and control subjects. In the
Han population, for total, men, and women, the plasma concentration of Glu, HDL, and diabetes mellitus
(DM) were significantly higher for patients with CAD than for control participants. For total and men, the
plasma concentration of total cholesterol (TC) was significantly higher for patients with CAD than for
control participants, but the factors smoking habit and alcohol consumption in total were significantly
higher for patients with CAD, while for men these two factors were significantly higher for control
participants. For total and women, the plasma concentration of triglyceride (TG), and blood urea nitrogen
(BUN) were significantly higher for patients with CAD than for control participants.

Genotype and allele frequencies

The distribution of genotypes and alleles of SNP1 (rs12671368) and SNP2 (rs2192932) were shown in
Table 2. For total, the distributions of SNP1 and SNP2 genotypes in the dominant model (GG vs. AG + AA)
and recessive model (AA vs. AG + GG) show a significant difference between CAD and control participants
(P = 0.036, P1D = 0.048, P1R = 0.026 and P = 0.022, P2D = 0.012, P2R = 0.012, respectively). For
women the distribution of SNP1 and SNP2 genotypes in the dominant model, recessive model
and additive model (AG vs. AA + GG) showed a significant difference between CAD and control

http://www.hapmap.org/
http://www.hapmap.org/
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participants (P = 0.040, P1D = 0.110, P1R = 0.021, P1A = 0.338; and P = 0.011, P2D = 0.028, P2R =
0.009, P2A = 0.009).

For total and women, the distribution of SNP1 (rs12671368) G alleles is significantly lower for CAD
patients compared to control participants (total: 61.1% vs. 55.9%; men: 59.9% vs. 56.0%; women: 64.3% vs.
55.9%).

For total and women, the distribution of a SNP2 (rs2192932) allele was significantly lower in CAD
patients than in control participants (P = 0.005, P = 0.004, respectively) (total: 24.6% vs. 29.6%; men:
25.7% vs. 28.4%; women: 21.7% vs. 30.5%).

Multiple logistic regression analyses

After adjusting for age, sex, hypertension, diabetes, smoking habit, triglyceride, cholesterol,
high-density lipoprotein cholesterol (HDL-C), low density lipoprotein (LDL-C) and the effects of other
risk factors on coronary heart disease, multivariate logistic regression model analysis was performed.
Table 3 showed the multiple logistic regression results, but BMI and other factors are not shown. For total
and women, the significant difference of SNP1 (rs12671368) and SNP2 (rs2192932) was retained after
adjusting for other cardiovascular risk factors, whether including the factor age or not. SNP1: for total
participants — dominant model: OR: 1.69, 95% confidence interval [CI]: 1.08–2.64, P1D = 0.022; recessive
model: OR: 1.84, 95% confidence interval [CI]: 1.28–2.64, P1R = 0.001 and for women — recessive model:
OR: 2.77, 95% CI: 1.45–5.19, P1R = 0.001. SNP2: for total — dominant model: OR: 0.51, 95% confidence
interval [CI]: 0.36–0.72, P2D = 0.012; recessive model: OR: 0.65, 95% confidence interval [CI]: 0.35–1.22,
P2R = 0.182, for women — dominant model: OR: 0.31, 95% CI: 0.16–0.57, P2D = 0.000; recessive model:
OR: 0.28, 95% CI: 0.08–0.92, P2R = 0.039, and for men — dominant model: OR: 0.60, 95% CI: 0.39–0.95,
P2D = 0.024.

Two SNP haplotypes of MLL5

In the present study, we identified two novel polymorphisms, SNP1 and SNP2, and found that the GA*
haplotype is associated with decreased risk for CAD in a Han population of Xinjiang, Western China. In the
haplotype-based case–control analysis, by using SNP1 and SNP2, four haplotypes were established in the
Han population. Distribution of the GA* haplotypes was significantly different between CAD patients and
control subjects (P b 0.001). In addition, the frequency of the GA* haplotype was significantly lower for
CAD patients than for control subjects (P b 0.001) and the GA* haplotype remained associated with
decreased risk for CAD in the Han population (OR = 0.677, P b 0.001, 95% CI [0.558–0.822]).

Discussion

The observation of our study is that variation in the MLL5 gene is associated with CAD in Chinese Han
subjects. The GG genotype of rs12671368 and/or AA genotype of rs2192932 was significantly lower in CAD
patients compared with healthy subjects, and the GA* haplotype is associated with decreased risk for CAD
in the Han population. To our knowledge, this is the first study to investigate a common allelic variant in
the MLL5 gene and its association with CAD in Asian subjects.

Histone-lysine N-methyltransferase MLL5 also called mixed lineage leukemia 5 (MLL5) is located on
human chromosome 7q22.1 (Emerling et al., 2002), a region exhibiting commonly recurring cytogenetic
aberrations detected in myeloid malignancies. MLL5 belongs to the MLL family of methyltransferases that
regulate gene expression during developmental processes. These enzymes catalyze the addition of methyl
groups to the ɛ-amino moiety of lysine and are highly specific for lysine 4 of histone H3. MLL5 has no
intrinsic histone lysine methyltransferase (HKMT) activity (Sebastian et al., 2009), however, once
posttranslationally modified through glycosylation at Thr440 in the SET domain, the short isoformMLL5 is
capable of generating mono- and dimethylated H3K4 marks (Fujiki et al., 2009). Importantly, a
tri-methylated H3K4 mark at lysine 4 (H3K4me2/3) is thought to be the product of the methyltransferase
activity of MLL5 (Zhou et al., 2013). Post translational modifications of histones are a key epigenetic
mechanism used to regulate gene transcription, chromatin condensation, DNA damage sensing and repair.
Knockout mice studies showed that murine MLL5 is required in normal hematopoiesis (Heuser et al.,
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2009; Madan et al., 2009), as well as in maturation of spermatozoa (Yap et al., 2011). MLL5 is a putative
tumor suppressor encoding a SET and PHD domain protein homologous to Drosophila trithorax, indirectly
regulates H3K4 methylation, represses cyclin A2 expression and promotes myogenic differentiation
(Sebastian et al., 2009). MLL5 is a mater factor in mediating regression of established atherosclerosis
following lipid lowering interventions by regulating a significant number of relevant genes (Bjorkegren et
al., 2014).

Epigenetic mechanisms which regulate chromosomal organization and gene expression include
several levels of organization, all of which contribute to the activity of gene expression. The principle
mechanisms of epigenetic changes in mammals are DNA methylation and modifications of histone tails
which result in altered chromatin structure (Turunen et al., 2009). Although, many researchers and
experts recognized a common notice that risk factors (lifestyle, diet and genetic background) do not
explain all features of cardiovascular morbidity (Rose, 1964), environmental influence during early life
could induce epigenetic variation which may affect metabolism with a lifelong contribution to the
cardiovascular health (Alkemade et al., 2007; Barker, 2002). Atherosclerosis is a chronic disease of large
and medium sized arteries which is characterized by accumulation of cholesterol in the arterial wall
together with proliferation of arterial smooth muscle cells (SMCs) and accumulation of extracellular
matrix components which lead to occlusion of blood vessels, myocardial infarction, peripheral vascular
disease, amputations, aneurysms and stroke. The genetic heritability of cardiovascular (Yla-Herttuala et
al., 1989) disease (CVD) can vary significantly, depending on sex and on the condition in question. Data
from some studies suggest a wide range of anywhere between approximately 40% and 80% genetic
contribution to CVD (Boomsma et al., 2002; Elder et al., 2009). It has been speculated that epigenetic
changes might also contribute to atherogenesis since it involves polyclonal proliferation of SMCs and some
dietary components, recognized as risk factors of atherosclerosis, can affect methylation machinery in the
arterial cells (Hiltunen and Ylä-Herttuala, 2003).

In our study, we hypothesized that variability in the gene might affect the risk of CAD, genotyped two
SNPs of the gene in a Han population, and assessed the association between the polymorphism of the
MLL5 gene and CAD using case–control analysis.

Age-related global hypomethylation is the dominant process, but ERα hypermethylation is not an
exception and gene-specific hypermethylation may have profound effects on the pathogenesis of
atherosclerosis. Age-related promoter hypermethylation of c-myc, c-fos, IGF2, MYOD1, N33, HIC1,
versican, PAX6, DBCCR1, E-cadherin and P15 has been reported (Issa, 2000).

Hypomethylation of genomic DNA is characteristic of aging (Wilson and Jones, 1983). Aging and
atherosclerosis occur simultaneously and it is sometimes difficult to distinguish between these two
processes. In our study age was significantly higher in the CAD group (59.93 ± 9.899 vs. 49.46 ± 9.320,
P = 0.000) although logistic regressions also find that age is an independent impact factor; whether we
include or remove the age factor the P value is still meaningful. So we consider that age can't be a
confounding factor.

For the Han population, there was a significant difference in the genotypic distribution of SNP1
(rs12671368) and SNP2 (rs2192932) between CAD patients and control subjects, and the distribution of
the dominant model of SNP1 (GG vs. AG + AA) was significantly higher in CAD patients than in control
subjects. The distribution of the recessive model of SNP1 (AA vs. AG + GG) was significantly lower in CAD
patients than in control subjects. The distribution of the dominant model of SNP2 (GG vs. AG + AA) was
significantly lower in CAD patients than in control subjects. The distribution of the recessive model of
SNP2 (AA vs. AG + GG) was significantly higher in CAD patients than in control subjects. All the results
similarly apply to women.

We found that there was an association between rs12671368 and rs2192932 of the MLL5 gene and
CAD only in the female subgroup. This may be attributed to sex hormones. Sex hormones such as
estrogens protect against oxidative stress and are known to be vasoprotective (Barnabas et al., 2013).
Studies have found that, in patients with coronary heart disease (CHD), ER-a highly methylated promoter
regions, and homocysteine may promote the occurrence of methylation and coronary atherosclerosis
(Huang et al., 2009). But in our study, this set of data is limited by the smaller sample size for females.
More research data is needed to support this conclusion.

In conclusion, we found that rs12671368 and rs2192932 are two novel polymorphisms of the MLL5
gene associated with CAD in a Han Chinese population. The GG genotype of rs12671368, and AA genotype
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of rs2192932, with the GA* haplotype could be a protector genetic marker of CAD in a Han Chinese
population. This result may broaden the knowledge of genetic variants and disease-association studies.
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