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Abstract: In spite of current standard therapies to target the major pathomechanisms in myocardial infarction (MI), inflammatory 
gene expression patterns have been consistently revealed in MI patients. In a multiethnic cohort, we aimed to identify MI-associated 
pathomechanisms that may be unresponsive to medical treatment to improve diagnosis and therapy. Gene expression profiles in whole 
blood were analyzed in medicated Asian, African American and Caucasian patients living in Hawaii with a history of early MI and 
age, ethnicity, risk factor and medication-matched controls. PANTHER ontological and Ingenuity Pathway analysis and functional 
evaluation of the consistently differentially expressed genes identified coordinated up-regulation of genes for inflammation (LGALS3, 
PTX3, ZBTB32, BCL2L1), T-cell activation (IL12RB1, VAV3, JAG1, CAMP), immune imbalance (IL-8, IL2RA, CCR7, AHNAK), 
and active atherosclerosis (NR1H4, BIN1, GSTT1, MARCO) that persist in MI patients in spite of concerted treatment efforts to control 
vascular pathology. Furthermore, significant ethnic differences appear to exist within the active disease mechanisms that need to be 
further investigated to identify key targets for effective medical intervention.
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Background
Cardiovascular disease, most commonly manifested 
as myocardial infarction (MI), is a significant health 
problem worldwide. In the United States, MI accounts 
for one out of every three deaths, and in spite of 
advances in treatment, remains a pre-eminent health 
problem.1

Atherogenesis and formation of atherosclerotic 
plaques precede MI and numerous efforts have 
been directed at the development of biomarkers for 
the diagnosis of atherosclerosis and the atherogenic 
process.2 Recent studies confirmed that circulating 
blood cells upon encounter of a pathological vascular 
environment develop a gene expression signature 
of the vascular disease phenotype.3 Atherosclerosis, 
coronary artery disease, and MI-associated gene 
expression patterns have been consistently iden-
tified in peripheral blood cell types, including 
monocytes,4 platelets,5 and pro-inflammatory leuko-
cytes that directly contribute to the development of 
atherosclerosis.6 Whole blood gene expression sig-
natures have similarly been confirmed to correlate 
with the extent of coronary stenosis,7 coronary artery 
disease, and the type and degree of vascular injury, 
and correctly mirror pathophysiology in the vascular 
wall.8 However, most of the gene expression patterns 
established in predominantly Caucasian patient 
groups have not been evaluated in ethnically diverse 
populations.

Medications commonly used in the prevention 
and treatment of atherosclerosis and MI 
include aspirin (ASA), β-adrenergic blockers 
(β-blocker),9 angiotensin converting enzyme 
inhibitors (ACEI),10 angiotensin receptor type 1 
blockers (ARB)11 and 3-hydroxy-3-methylglutaryl 
coenzyme A reductase inhibitors (statins),12 that 
target inflammation, cholesterol metabolism and 
hypertension, the major pathomechanisms, in 
atherosclerosis and MI. In spite of the wide-spread and 
long-term use of these therapies, however, circulating 
blood derived inflammatory gene signatures have been 
consistently noted in various MI patient cohorts and 
suggest that certain inflammatory pathways causally 
relevant to the development of atherosclerosis and 
MI may be unresponsive to anti-inflammatory 
medications.8 Furthermore, the observed persistent 
inflammatory pathways while demonstrate common 
key elements, also reveal considerable diversity in 

the most significant differentially regulated genes 
among various MI patient cohorts.

In order to define regulatory pathways associated 
with MI in an ethnically diverse patient population, 
and identify inflammatory and atherogenic pathways 
that may be unresponsive to the currently applied 
standard therapies for the prevention and treatment 
of MI, we analyzed gene expression profiles in whole 
blood samples in a multiethnic patient cohort with a 
history of early MI (EMI) and compared these to an 
age, ethnicity, risk factor and medication-matched 
control cohort (MCON) identified and enrolled 
through the VA Pacific Islands Healthcare System.

Methods
Study subjects
Following a protocol approved by the VA Pacific 
Islands Healthcare System (VAPIHCS), University 
of Hawaii IRBs, and the United States Army 
Medical Research and Materiel Command Human 
Research Protection Office, age, gender and ethnicity 
matched groups of early MI (EMI) and medication-
matched control (MCON) subjects were recruited 
that had no evidence of chronic or active infectious 
or autoimmune diseases. Using the VAPIHCS data 
warehouse, eligible subjects were identified based 
upon the following criteria:

Inclusion criteria
The EMI patient group included individuals that had 
an ICD-9 code for MI before age 50 for men and 
55 for women, that occurred more than 6 months prior 
to enrollment, and were using any combination of 
cardiac-related medications including ASA, ACEIs, 
ARBs, β-blockers and statins. The MCON group 
included individuals that did not have an ICD-9 
code for coronary heart disease, but were taking any 
combination of the same medications.

Exclusion criteria
1) treatment of active infection within the last 
month, 2) a clinical history of chronic infection or 
rheumatologic disease, 3) active use of non-steroidal 
anti-inflammatory drugs (other than aspirin) for 
analgesia or inflammatory conditions, 4) a history 
of an MI within the last 6  months, 5) an absolute 
monocyte count ,125 cells/µl within the last year, 
6) anemia defined as hemoglobin ,11  g/dL or 
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HCT , 33% within the last year, 7) CRP $ 2.0 mg/L 
or ESR $ 30 mm/hr. Potential subjects with active 
pregnancy and those with dementia or severe men-
tal illness were excluded based upon review of the 
medical records.

Eligible subjects were invited for an interview and for 
informed, consenting subjects a detailed questionnaire 
was used to record baseline characteristics, including 
past medical history, compliance with medication 
use and habits. Routine clinical laboratory testing 
included a complete blood count with differential, 
comprehensive metabolic profile, erythrocyte 
sedimentation rate, C-reactive protein level and in 
females β-human chorionic gonadotropin level. From 
selected individuals blood samples were collected for 
RNA extraction. As no women met the study entry 
criteria, our recruitment process yielded two age and 
ethnicity matched study groups with 10 men in each 
group.

RNA purification and microarray 
hybridization
A description of the RNA isolation, labeling, 
double-stranded cDNA synthesis, and hybridization 
onto Applied Biosystems Human Survey Genome 
Microarray 2.0 is provided in the Supplementary 
Material.

Data analysis
Chemiluminescence detection, image acquisition 
and primary data analysis were performed using 
the Applied Biosystems 1700 Chemiluminescent 
Microarray Analyzer. Chemiluminescent images 
were auto-gridded, spot and spatially normalized, 
signals were quantified, corrected for background 
and the final images and feature data processed using 
the Applied Biosystems 1700 Chemiluminescent 
Microarray Analyzer software v1.1. A novel algorithm 
that adaptively thresholds fold change was used 
to detect a global signal for differential expression 
between the EMI and MCON sample groups. Data 
obtained from each chip was first vectorized to form a 
column of an expression data matrix where the MCON 
and EMI sample data segregated into two disjoint 
groups. Each row of the data matrix represented 
the expression profile of a gene across the EMI and 
MCON sample groups. The data matrix was quantile 
normalized to suppress low-frequency systematic 

error and log2 transformed to equalize variation in 
fold change over intensity. Box and whiskers plots, 
pair-wise correlation plots and histograms of log2 
expression were generated from raw microarray 
data to assess data quality. A Ratio-Intensity (RI) 
scatter plot of mean log2 ratio (MLR) versus mean 
log2 expression (MLE) was generated where each 
gene was represented by a point in (MLE, MLR) 
space. The horizontal MLE-axis was then divided 
into 51 quantile bins to decouple variation in MLR 
from MLE where each bin contained approximately 
650 genes. Assuming that only a small percentage of 
genes in a bin were truly differentially expressed, ie, 
that the signal for differential expression was sparse, 
a threshold was computed for each bin based on the 
Donoho-Johnstone universal threshold (DJUT) of 
wavelet denoising theory13,14 and Classical Multi-
Dimensional Scaling (CMDS or PCA) analysis. The 
genes that exceeded the DJUT threshold for each bin, 
together, formed a global estimate of the signal for 
differential expression.

The differentially expressed genes were analyzed 
using clustered heatmaps15 and PCA analysis.16 
Knowledge-based PANTHER (www.pantherdb.org) 
and Ingenuity’s Pathway Analysis (IPA, Ingenuity 
Systems, Inc, Redwood City, CA) databases were 
used to identify sets of functionally related genes 
and signaling pathways significantly overrepresented 
among genes differentially expressed in EMI 
samples.

Quantitative real-time PCR
1 µg of total RNA from selected samples was reverse 
transcribed into cDNA using Superscript III cDNA 
Synthesis Kit (from Invitrogen, Carlsbad, CA). 100 ng 
of cDNA template for each sample was amplified with 
Applied Biosystems TaqMan Gene Expression Assays 
(Foster City, CA) for the corresponding gene. Gene 
expression values were calculated relative to GAPDH 
using the 2-∆∆CT method.17 All assays were done in 
triplicate and data are reported as mean  ±  standard 
error of the mean.

Results
Among medicated early myocardial infarction (EMI) 
subjects and controls without coronary artery disease 
or MI on the same medications (MCON), prospective 
matching ensured close baseline characteristics 
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including body weight, body mass index and rates 
of cardiac risk factors including hypertension, 
diabetes, hyperlipidemia, cigarette use, and family 
history of heart disease (Supplementary Table 1) and 
laboratory results for clinical parameters (not shown). 
Blood derived EMI and MCON RNA samples were 
processed for microarray analysis. Evaluation of the 
quality of microarray results using box-and-whisker 
plots (Fig. 1A), pair-wise correlation plots (not shown) 

and histograms (Fig. 1B) identified sample MCON4 
as markedly different and excluded it from further 
data analysis.

Differentially expressed genes in EMI
In the EMI samples, 1,203 genes were found differ-
entially expressed (Fig.  1C). The expression value 
for each differentially expressed gene was plot-
ted in a heatmap to identify groups of genes with 
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Figure 1. A) Box and whiskers plots of raw microarray data. Samples are along the horizontal axis while log2 intensity values for each gene are plotted 
on the vertical axis; the upper and lower ends of the box contain all genes between the first and third quartiles of log2 gene intensity; the red line in 
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vertical black and yellow stripes represent 51  sets of approximately 650  genes having similar levels of fluorescent intensity. The dots in  
red triangles show the up- and those in blue the down-regulated genes.

http://www.la-press.com


Inflammatory pathways in myocardial infarction

Biochemistry Insights 2011:4	 17

consistent similarity in expression across the samples 
(Supplementary Fig. 1A). Principal component anal-
ysis (PCA) of the data clearly separated EMI from 
MCON individuals (Supplementary Fig.  1B) and 
identified samples EMI2, EMI5 and EMI7 as dis-
tinctly different. Based on PCA results and inspection 
of clustered heatmaps, 195  genes (Supplementary 
Fig. 1A, genes 540–735) were excluded from further 
analysis as their expression variation was contributed 
by only by two samples (EMI2 and EMI5) and nei-
ther subsequent PANTHER nor IPA analysis revealed 
any significant functional or pathway structure within 
these genes.

Altered immunity in early MI patients
In order to identify functionally significant EMI-
associated patterns among the differentially expressed 
genes, PANTHER ontological analysis was per-
formed. The biological process of “Immunity and 
defense” was identified as significantly overrepre-
sented in the set of all differentially expressed genes 
(P =  1.4E-05) and in the subset of down-regulated 
genes (P  =  1.39E-05) (Supplementary Table 2). 
Within the subset of down-regulated genes the bio-
logical process “Interferon-mediated immunity” 
(P = 5.72E-03) and the molecular function “Defense/
immunity protein” (P =  2.12E-03) were overrepre-
sented. PCA analysis (not shown) and gene distribu-
tion within the clustered heatmap (Supplementary 
Fig. 2) clearly separated EMI from the MCON group 
suggesting that immunity is a significant distinguish-
ing feature for EMI subjects.

Ingenuity Pathway Analysis (IPA) of the differen-
tially expressed genes identified “Immunological dis-
ease and response” and “Immune and lymphatic system 
development and function” in two of the four most 
significant IPA networks represented in our expres-
sion data (Supplementary Table 3), and additionally, 
immunity themes within the other two networks. The 
differentially expressed network genes and those within 
functional categories (described below) are referenced 
for their MI-associated roles in Supplementary Table 4.

Multiple active inflammatory networks  
in medicated MI subjects
In the EMI samples, both IPA Network 1 and 2 
(Figs.  2A and 2C) had differential gene regulation 
pattern with inflammatory functions. The clustered 

heatmaps (Figs. 2B and 2D) and PCA analysis (not 
shown) of these networks clearly separated EMI from 
MCON samples.

Within Network 1, the up-regulated FOS is a highly 
connected hub gene that promotes proliferation of 
lymphocytes. The cell fate determinant DACH1 
(up-regulated) with a role in immune response 
is connected to FOS, Ap1, and TGF-β. JAG1 
(up-regulated) is known to be increased in MI patients 
and is a ligand for NOTCH-1 that has a role in T-cell 
maturation and activation. PTX3 (up-regulated) 
is an acute phase protein that rapidly increases 
during inflammation with a protective function in 
cardiovascular disease. CCR7 (down-regulated) is a 
g-protein coupled receptor chemotactic to leukocytes 
linked to multiple organ autoimmunity.

In Network 2, CD40LG (down-regulated) is a 
hub gene expressed on T cells with a central role in 
atherosclerosis. Elevated CD40LG is a prognostic 
marker for cardiovascular disease and its down-
regulated state in our EMI subjects indicates a 
response to medications. However, another hub 
gene, BCL2L1, with an anti-apoptotic and immune 
activating role, is up-regulated. IL12RB1, also 
up-regulated, is known to be expressed during chronic 
inflammation and in MI it contributes to regulation 
of the cytokine profile of Th1 lymphocytes. LGALS3 
and CAMP (both up-regulated) induce chemotaxis of 
inflammatory cells.

Network 3 displays features of immune imbalance, 
cell survival, chemotactic, and angiogenic functions 
(Fig.  2E). Its clustered heatmap and PCA analysis 
(not shown) also differentiates EMI from the MCON 
group (Fig. 2F). IL-8 (up-regulated) is a hub gene in 
this network that, through several parallel mecha-
nisms, is a mediator of neutrophil chemotaxis. The 
down-regulated IL-2RA increases susceptibility for 
autoreactive T-cells and may indicate an imbalanced 
immune reaction.18 The down-regulated WNT1 shows 
a potential for deficient cell protection and cardio-
myocyte survival via PI3K/AKT signaling. WNT5A 
(up-regulated) has an important role in inflammatory 
macrophage activation. VEGFB with significant role 
in neovascularization during inflammation and repair 
was found down-regulated.

Network 4 is dominated by stress response, 
cardiac hypertrophy and pro-inflammatory themes 
(Fig.  2G) with its clustered heatmap (Fig.  2H) and 
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PCA (not shown) separating EMI from MCON. One 
of the hub genes, HDAC2 (up-regulated), is an inte-
grator of Hsp70  mediated stress response pathways 
during heart remodeling in cardiac hypertrophy. BIN1 
(down-regulated) has functions in apoptosis and T cell 
mediated inflammation. TRIO (increased) orchestrates 
cell-matrix and cytoskeletal rearrangements. SOX6 
(decreased) is known to regulate cardiomyocyte 
development and is a candidate gene for myopathy. 
IL1RAPL1 (interleukin-1 receptor accessory protein-
like-1, down-regulated), belongs to a novel class of the 
IL-1/Toll receptor family and interacts with neuronal 
calcium sensor-1 (NCS-1). FREQ (NCS-1) down-
regulated in all EMI cases, is a calmodulin-related 
protein that controls inflammatory reactions.

Immune imbalance, coordinated 
up-regulation of inflammation  
and active atherogenesis
In order to gain insight into the regulation of the 
immunity-related and inflammatory processes in 
EMI, genes within PANTHER biological process 
“Immunity and defense” and within IPA Networks 
1–4 were plotted on clustered heatmap diagrams. 
Genes with the most consistent differential expression 
were identified using clustered heatmaps by two inde-
pendent evaluators that scored the number of up- or 
down-regulated genes in the EMI and MCON groups 
and compared the original expression values.

In EMI, forty-four genes were found most 
consistently differentially expressed. Among these 
four major functional categories were identified: 
1) inflammation-related, 2) immune imbalance, 
3) atherosclerosis, LDL, and cholesterol related 
genes, and 4) those with a yet unknown function in 
cardiovascular disease.

Based on expression changes of genes in the 
inflammation-related category, a pattern of coordinated 
up-regulation and an overall increase of pro-
inflammatory processes emerged. Pro-inflammatory 
genes LGALS3, ROCK1, and PTX3, were consistently 
up-regulated, while the anti-inflammatory SNFT, and 
ZBTB32 (PLZP), were consistently down-regulated. 
Additionally, pro-apoptotic genes NOXA1 and NGFR 
that would reduce the number of inflammatory cells 
were consistently down-regulated, while the anti-
apoptotic gene BCL2L1 with immune activating 
effects was consistently up-regulated. Genes that 

increase T-cell activation, IL12RB1, VAV3, JAG1, 
and CAMP, were also consistently up-regulated, 
while SNFT and SIT that decrease T-cell activation 
were down-regulated. The only pro-inflammatory 
molecule that was consistently down-regulated was 
CD40LG.

In the second functional category, down-regulation 
of IL2RA, SIT1 and CCR7, and up-regulation of 
IL12RB1, JAG1, VAV3 and AHNAK with roles 
T-cell activation indicated immune imbalance.

Within the atherosclerosis category, the anti-
atherosclerotic genes, NR1H4, BIN1 and GSTT1, 
were consistently down-regulated, while the pro-
atherosclerotic gene, MARCO, was consistently 
up-regulated and indicated ongoing atherogenesis.

In addition to genes known to contribute to 
coronary artery disease, we also identified consistently 
differentially regulated genes that have not been 
previously reported in association with MI including 
HDAC2, WNT-1, TGLN1, DACH1, HLA-DQA1 
and SNCA.

Biologically relevant subset  
of differentially expressed  
EMI signature genes
Based on biological relevance and the greatest 
degree of differential expression in EMI patients 
we have identified 10 out of the 44  most consis-
tently differentially expressed genes for subsequent 
analysis. A clustered heatmap and PCA analysis 
(Supplementary Figs. 3A and B) confirmed the ability 
of these 10  genes to classify the samples as either 
EMI or MCON. Of these genes we have validated 
the microarray-derived mean quantile normalized 
gene expression data (Fig. 3A) for PTX3, LGALS3, 
CAMP, IL12RB1, JAG1, IL2RA, CCR7, GSTT1, and 
NGFR using quantitative real time-PCR normalized 
to GAPDH (Fig. 3B).

Discussion
In this study of peripheral blood cell gene expression 
profiling in a prospectively matched cohort of Asian, 
African-American and Caucasian patients living in 
Hawaii, diagnosed with early myocardial infarction, 
and undergoing standard post-MI therapy, integrated 
functional analysis of the differentially expressed genes 
identified pro-inflammatory gene signatures. CD40LG 
that is actively involved in the pathophysiology of 
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coronary artery syndromes was down-regulated in 
response to therapy.19 However, prominent signatures 
for active inflammation involving FOS, DACH1, 
PTX3 and JAG1 were still present. Inflammatory func-
tions were also represented by disregulated IL12RB1, 
LGALS3, CAMP, and BCL2L1, an immune imbal-
ance pattern included IL-8 and the IL-2RA/IL-2 sys-
tem, and additionally WNT1 disregulation indicated 
likely compromised cardiomyocyte survival. The hub 
gene HDAC2 revealed an overall stress response, and 
we also noted gene signatures consistent with cardiac 
hypertrophy and myopathy.

Functional analysis of the 44  most consistently 
differentially expressed genes further confirmed 
immune imbalance, coordinated differential regulation 
of inflammatory pathways and active atherosclerosis as 
the persisting main disease mechanisms in medicated 
EMI patients. Of these genes the pro-inflammatory 
LGALS3 and PTX3 and the T-cell activating IL12RB1, 
JAG1 and CAMP were consistently up-regulated, 
while the pro-apoptotic, anti-inflammatory NGFR, 
auto-immunity protective CCR7, IL2RA and the anti-
atherosclerotic GSST1 consistently down-regulated. 
Altered peripheral blood expression of a similarly 
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small number20 of genes have been shown to be a 
signature significantly associated with the sever-
ity of coronary artery disease7 and predictive for the 
severity of atherosclerosis.8 The novel, differentially 
expressed and early MI-associated genes that we 
have identified include HDAC2 an integrator of stress 
response pathways during heart remodeling, WNT1 
with a known role in cardiomyocyte survival, TGLN1 
(TAGLN) an actin-binding SM22/transgelin-related 
protein, DACH1 a cell fate determinant, SNCA linked 
to multiple system atrophy, and HLA-DQA1 a regula-
tor of immune-specific response to anti-myocardium 
antibodies.

The short lists of differentially expressed genes 
in our multiethnic EMI cohort proved different from 
the signature genes reported for coronary artery dis-
ease in Caucasian cohorts.7,8 Cardiovascular disease 
susceptibility and SNP frequencies in cardiovascular 
disease genes are known to vary among populations.21 
In a recent study, the biological processes of apopto-
sis, lipoprotein metabolism and immunity showed the 
greatest difference among Africans, Europeans and 
South Asians.22 Significant differences in allele fre-
quencies were noted for Toll-like receptors,23 immune 
response involving IL-2, IL-6, and IL-10,24,25 and 
apoptosis including BCL2L1, IL-4, and IL-6 among 
Blacks, Whites, and Asians.22 In Japanese, Taiwanese26 
and Korean populations, elevated BRCA1-associated 
protein, BRAP, was shown to contribute to increased 
MI risk.27 These observations are in agreement with 
the differential representation in our EMI cohort of 
a IL-1/Toll receptor family member, IL1RAPL1, 
numerous interleukins and IL-receptors, BCL2L1, 
BRCA1 and the immune response regulator HLA-
DQA1 that was recently reported in association with 
cardiomyopathy in Chinese patients.

Chronic local and systemic inflammation and 
immune disregulation28 play prominent roles in the 
pathogenesis of MI. However, given that our EMI 
patients have been under long-term anti-inflammatory 
and anti-atherosclerotic therapy, the robust repre-
sentation of inflammation, immune imbalance, and 
active atherogenesis gene expression signatures was 
unanticipated. In a recent study of coronary artery 
stenosis patients with a comparable percentage of sub-
jects receiving ASA, ACEIs, β-blockers and statins, 
differential blood expression pattern of 160 genes also 
revealed altered regulation of immunity, persistent 

inflammation and apoptosis.8 The anti-atherosclerotic 
and anti-inflammatory statins are one of the most 
important medications in cardiovascular diseases that 
favorably affect platelet adhesion, endothelial func-
tion, plaque stability and cholesterol synthesis, and 
were thought to also inhibit TNF-α, IL-1 and IL-8.29 
However, emerging evidence revealed that statins did 
not have significant effect on markers of inflamma-
tion and platelet activation,30 release of IL-1β and 
IL-6, and that actually increased the release of TNF-α 
and IL-8. Our data, particularly the robust represen-
tation of IL-8-associated inflammation in medicated 
EMI patients, support these observations.

Conclusion
Our results demonstrate that active pathogenesis 
including multiple inflammatory pathways, immune 
imbalance, stress response and atherogenesis persists 
in EMI patients in spite of concerted treatment efforts 
to protect these subjects from continued vascular 
pathology. Furthermore, while persistent inflamma-
tion, undetected by standard laboratory tests, appears 
to be the most significant ongoing pathomechanism 
in this cohort, ethnic differences exist among Asian, 
African American and Caucasian MI patients in the 
active inflammatory pathways. Further ethnic cohort-
based studies are needed, therefore, to determine the 
critical ethnicity-specific pathology profiles, identify 
optimal candidate targets and develop effective treat-
ment modalities for post-MI patients with a focus on 
inflammatory, immune, and atherogenic pathways 
that are unresponsive to current therapies.
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Supplementary Material
RNA purification and microarray 
hybridization
Total RNA was isolated from EMI and MCON 
peripheral blood samples using the Qiagen PAX-
gene RNA Kit (Valencia, CA). Globin mRNA was 
reduced using the GLOBINclear-Human Globin 
removal kit from Ambion (Austin, TX). RNA 
concentration was determined with a NanoDrop 
ND-1000 Spectrophotometer (Wilmington, DE) 
and RNA quality assessed using an Agilent Bioana-
lyzer 2100 (Santa Clara, CA). 1  µg of total RNA 
with a RIN (RNA Integrity Number) of $7 from 
each sample was processed using Applied Biosys-
tems Chemiluminescent RT-IVT Labeling Kit V 2.0 
(Foster City, CA) to generate digoxigenin (DIG, 
Roche, Indianapolis, IN)-labeled cRNA for microar-
ray hybridizations. Double-stranded cDNA was syn-
thesized from RNA template and in vitro-transcribed 
resulting in approximately 100-fold amplified DIG-
labeled cRNA. 10  µg of cRNA for each sample 

Table S1. Clinical characteristics of early Myocardial 
Infarction (EMI) and medicated control (MCON) cohorts. 
P-values were calculated from the t-test for continuous vari-
ables and the McNemar’s test for categorical covariates.

EMI 
(n = 10)

MCON 
(n = 10)

P-value

Age, average ± SD, y 51.5 ± 5.79 51.5 ± 5.79 1.0000
Ethnicity, %
  Black 20 20 1.0000
  Asian 40 40 1.0000
  Caucasian 40 40 1.0000
Weight ± SD, kg 89.5 ± 13.0 94.6 ± 15.1 0.1873
Body mass  
Index ± SD

28.7 ± 4.6 29.7 ± 3.5 0.7103

Hypertension, % 50 70 0.6831
Diabetes mellitus, % 30 20 1.0000
Hyperlipidemia, % 80 70 1.0000
Smoking status, % 20 10 1.0000
Family history, % 10 10 0.4795
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Figure S1. A) Clustered heatmap of all differentially expressed genes 
in EMI compared to MCON samples. Genes are on the vertical axis and 
each column correlates with a specific subject. B) Principal component 
analysis (PCA) of all differentially expressed genes separates the EMI 
and MCON groups.

were hybridized onto Applied Biosystems Human 
Survey Genome Microarray 2.0 (Foster City, CA) 
that contains 32,878 60-mer oligonucleotide probes 
to represent a set of 28,098 human genes and more 
than 1000 control probes.
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Figure S2. Clustered heatmap of genes from the “Immunity and defense” molecular function category identified by PANTHER. The color of each square 
represents the expression value of a gene according to the scale of the color bar on the right.

Table S3. The most significant (top) functions of the first four networks identified by Ingenuity Pathway Analysis (IPA). Score 
is a ranking algorithm of IPA.

# Top functions Score Focus 
molecules

1 Cell Death, Immunological Disease, Immune Response 46 30
2 Cell Morphology, Cellular Response to Therapeutics, Connective Tissue 

Development and Function
37 26

3 Cellular Function and Maintenance, Hematological System Development and 
Function, Immune and Lymphatic System Development and Function

37 26

4 Gene Expression, Cellular Assembly and Organization, Cellular Movement 37 26
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Figure S3. A) Clustered heatmap of selected genes with most significantly 
different expression. B) Principle component analysis demonstrates a 
clear separation of EMI and MCON samples.
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