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Abstract
Background Aims—Bone marrow-derived progenitor cells are under investigation for
cardiovascular repair, but may be altered by disease. Our purpose was to identify differences in
gene expression in CD133+ cells of patients with coronary artery disease (CAD) and healthy
controls, and to determine whether exercise modifies gene expression.

Methods—CD133+ cells were flow-sorted from 10 CAD patients and 4 controls, and total RNA
was isolated for microarray-based gene expression profiling. Genes that were found to be
differentially regulated in patients were further analyzed to investigate if exercise has any
normalizing effect on CD133+ cells in CAD patients following 3 months of an exercise program.

Results—Improvement in effort tolerance and increase in the number of CD133+ cells was
observed in CAD patients after 3 months of exercise. Gene expression analysis of the CD133+
cells identified 82 differentially expressed genes (2-fold cutoff, 25% false-discovery rate and
present calls) in patients compared with controls, of which 59 were found to be up-regulated and
23 down-regulated. These genes were found to be involved in carbohydrate metabolism, cell
cycle, cellular development and signaling, and molecular transport. Following completion of the
exercise program, gene expression patterns resembled those of controls in 7 of 10 patients.

Conclusion—The present study finds alterations in gene expression of bone marrow-derived
CD133+ progenitor cells in CAD patients, which in part may be normalized by exercise.
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Introduction
It is widely believed that dysfunctional endothelium, associated with reduced nitric oxide
bioactivity, induces a variety of proinflammatory and proliferative responses contributing to
progression of atherosclerosis and clinical expression of disease1. Bone marrow-derived
progenitor cells, first described in 1997 as CD34+ cells, are believed to play an important
role in endothelial repair, as demonstrated in animal models of induced vascular injury2.
Markers VEGFR-2 (KDR) and CD133 were subsequently reported to define a population of
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particular relevance to vascular repair, as VEGFR-2 is expressed by endothelial cells and
CD133 is only expressed on immature hematopoietic stem cells3. These CD133+/
VEGFR-2+ cells, though rare (<0.01% of mononuclear cells), circulate in peripheral blood
and have the capacity to differentiate into cells with endothelial characteristics4. Several
groups have reported that bone marrow derived progenitor cells with endothelial
differentiation potential are reduced in patients with coronary artery disease (CAD)5–7. We
undertook the current study to test the hypothesis that in patients with CAD, CD133+ bone
marrow-derived progenitor cells may have altered gene expression as a result of
comorbidities of atherosclerosis and that exercise, previously reported to increase bone
marrow-derived progenitor cells in the circulation with improved endothelial characteristics,
8–13 might favorably affect gene expression towards that seen in healthy subjects. To this
end, we examined the global gene expression profiles of circulating CD133+ endothelial
progenitor cells (EPCs) in CAD patients who participated in a 3 month exercise program.
We report here for the first time that gene expression is significantly altered in CD133+ cells
from CAD patients and demonstrate the reversal of some of these altered genes towards
normal expression by exercise.

Methods
CAD patients enrolled in a cardiac rehabilitation program consisting of 36 sessions of 60
minutes each, spaced over approximately 3 months. Medical management was stable for at
least a month prior to program participation and all patients were maintained on medications
throughout the study as prescribed without change in preparation or dose. Cardiovascular
examination and baseline testing were performed after an overnight fast (except for water)
with blood samples drawn prior to exercise. Symptom-limited treadmill exercise testing was
performed using the modified Bruce protocol14 (3 minute stages at increments of 1.7, 1.7,
1.7, 2.5, 3.4 miles per hour and 0%, 0.5%, 10%, 12% and 14% inclination, respectively).
Healthy subjects were recruited for the study to serve as controls for baseline analyses. This
protocol was approved by the institutional review boards of the National Heart, Lung, and
Blood Institute and Suburban Hospital in Bethesda, Maryland (location of the cardiac
rehabilitation program), and all participants provided written, informed consent.

Flow Cytometry Characterization of Peripheral Blood Mononuclear Cells
Flow cytometry analysis was performed on buffy coat cells isolated from EDTA-
anticoagulated peripheral blood, with mononuclear cells isolated by density gradient
centrifugation, as previously reported15. Cells were stained with CD133-PE (Miltenyi
Biotech, Auburn, CA), and with CD3-PECy5, and CD19-PECy5 (BD Biosciences) for
exclusion of lymphocytes. All cells were stained with either 7AAD (BD Biosciences) or
Live/Dead (BD Biosciences, San Jose, CA) to allow exclusion of dead cells. Combinations
of isotype controls were used as negative controls based on the species and IgG subclass of
each antibody. Data were gated on mononuclear cell population during data acquisition, and
200,000 to 500,000 events were collected in the gated region for each sample of cells. The
CYAN High-Performance Flow Cytometer with Summit Software (Dako Cytomation, Ft
Collins, CO) was used for data acquisition and FCSExpress (De Novo Software, Thornhill,
ONT, Canada) for analysis. (Supplemental Figure 1 depicts the characterization of CD 133 +
cells by flow cytometry). Cell populations were expressed as the number of circulating cells
per volume of peripheral blood, based on the percent of mononuclear cells counted during
analysis and the total nucleated white cell count.

Isolation of CD133+ RNA
CD133+ cells were isolated from peripheral blood using fluorescence-activated cell sorting
with a MoFlo cytometer (Dako Cytomation) and collected in lysis buffer containing
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guanidinium thiocyanate (Ambion Inc, Austin, Texas), mixed with ethanol and applied to a
silica-based filter that selectively binds RNA. Genomic DNA was removed by DNase
treatment. The concentration of the isolated RNA was determined with the Nanodrop
ND-1000 spectrophotometer (Nanodrop Technologies, Wilmington, Delaware). Quality and
integrity of the total RNA isolated were assessed on the Agilent 2100 bioanalyzer (Agilent
Technologies, Palo Alto, California).

Amplification of RNA for Gene Expression Profiling
T7-based RNA amplification was performed on 5 ng of the isolated total RNA with the
Riboamp OA 2-round amplification kit as suggested by the manufacturer (Arcturus,
Mountain View, California). Briefly, total RNA was incubated with oligo dT/T7 primers and
reverse-transcribed into double-stranded cDNA. In vitro transcription of the purified cDNA
was performed with T7 RNA polymerase at 42°C for 6 hours. The amplified RNA was
purified and subjected to a second round of amplification and biotin labeling with
Affymetrix's IVT labeling kit according to the manufacturer's directions (Affymetrix, Santa
Clara, California). The yield and integrity of the biotin-labeled cRNA were determined with
the Nanodrop ND-1000 spectrophotometer and the Agilent 2100 bioanalyzer. Twenty
micrograms of biotin-labeled RNA was fragmented to ~200-bp size by incubation in
fragmentation buffer containing 200 mmol/L Tris-acetate pH 8.2, 500 mmol/L potassium
acetate, and 500 mmol/L magnesium acetate for 35 minutes at 94°C before hybridization.
Fragmented RNA was assessed for relative length on Agilent 2100 bioanalyzer and
hybridized to Affymetrix Human Genome (HG) U133 Plus 2.0 chips for 16 hours, washed,
stained on an Affymetrix fluidics station, and scanned with Affymetrix GeneChip scanner.

Microarray Data Processing and Statistical Analysis
Affymetrix GeneChip operating software version 1.4 was used to calculate MAS5 signal
intensity and the percent present calls on the hybridized Affymetrix chip. The signal-
intensity values obtained for probe sets present in the microarrays were transformed with an
adaptive variance-stabilizing, quantile-normalizing transformation termed “S10”, (P.J.
Munson, GeneLogic Workshop of Low Level Analysis of Affymetrix GeneChip Data, 2001,
software available at http://abs.cit.nih.gov/geneexpression.html).Transformed data from all
the chips were subjected to a principal component analysis to detect outliers.

JMP statistical software package 7.0 (SAS Institute, Cary, NC) was used in microarray data
analysis. Differentially regulated genes in CAD were identified by comparing the gene
expression profiles of CD133+ cells between healthy controls and CAD patients before
exercise using the criterions of 2-fold change, 25% false discovery rate (FDR). The
expression levels of selected up- and down-altered genes for each CAD patient between
baseline and exercise program completion were compared separately using paired one-sided
t-test. Ingenuity pathway analysis program (Ingenuity Systems, Redwood, CA) was used for
following-up functional characterization of the selected genes. Microarray data are available
for public access with accession number GSE 18608 at the National Center for
Biotechnology Information gene expression and hybridization array data repository Gene
Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo).

Wilcoxon signed-rank test was used to estimate significance level of improvements in some
clinical measurements in follow-up relative to baseline. Data are reported as mean ±
standard deviation, unless otherwise indicated. Spearman's rank correlation method was
used to estimate the significance of association between 1) baseline expression of the
selected genes and baseline clinical measurements of 10 CAD patients, and 2) expression of
genes and clinical measurements prior to and following exercise program participation by
the patients.
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Benjamini-Hochberg16 method was used to correct for multiple testing for the significance
of correlation.

Validation of Gene Expression Data by Quantitative Polymerase Chain Reaction
First-strand cDNA was synthesized with 500ng of amplified RNA and random primers in a
20-μL reverse-transcriptase reaction mixture using Invitrogen's Superscript cDNA synthesis
kit (Invitrogen, Carlsbad, Calif) according to the manufacturer's directions. Quantitative
real-time polymerase chain reaction assays were performed with the use of gene-specific
double–fluorescently labeled probes in a 7900 Sequence Detector (PE Applied Biosystems,
Norwalk, Conn). Probes and primers were obtained from Applied Biosystems. In brief,
polymerase chain reaction amplification was performed in a 384 well plate with a 20 μL
reaction mixture containing 300 nm of each primer, 200 nm of probe, 200 nm of dNTP in 1×
real-time polymerase chain reaction buffer and passive reference (ROX) fluorochrome. The
thermal cycling conditions were 2 minutes at 50°C and 10 minutes at 95°C, followed by 40
cycles of 15 second denaturation at 95°C and 1 minute of annealing and extension at 60°C.
Samples were analyzed in duplicate, and the cycle threshold values obtained were
normalized to the housekeeping gene ß-actin. The comparative cycle threshold method,
which compares the differences in cycle threshold values between groups, was used to
achieve the relative fold change in gene expression between CAD patients and normal
healthy subjects.

Results
Clinical Evaluation

Twenty-five CAD patients initially consented for protocol participation and completed the 3
month exercise program. For the group, fitness as measured by treadmill exercise duration
was significantly improved following completion of the program, from 485 ± 159 to 555 ±
148 seconds (P=0.0002). Numbers of CD133+ cells in blood increased from 873 ± 556 to
1666 ± 1747 cells/mL (P=0.0384) following the exercise program.

Global Gene Expression Analysis of CD133 + cells
Total RNA isolated from CD133+ cells derived from baseline and 3 month samples from
patients was processed for microarray analysis. Upon hybridization to gene chips, 13
patients' baseline samples passed our gene chip quality control metrics with scale factor set
at less than 10 and % present calls ≥ 20. In these 13 patients, 3 of the samples showed a
slight increase in scale factor in their post-exercise sample and were excluded for analysis.
Thus, data analysis and mining were performed with paired samples from 10 patients (6
males, 4 females; age range 30–76 years) selected with the above mentioned quality control
filters (Table 1). Similar analyses were performed on samples were obtained from 4 healthy
volunteers (3 males, 1 female; age range 50–64 years). Clinical observations and
measurements performed prior to and at the completion of the 3 month exercise program
were obtained from these subjects (Table 2).

Identification of Highly Abundant Transcripts in CD 133+ cells
In an effort to determine transcripts that are highly abundant in CD133+ cells from our
study, positively detected transcripts from healthy volunteers were ranked in order of their
abundance from high to low based on their log-transformed median signal intensity. The top
500 ranking probe sets, representing 351 genes (Supplemental Table 1) identified to be of
high abundance in our CD133+ cells, included annexin, adducin, calmodulin, cathepsin,
chemokines, transcription factors, histones, interleukins, splicing factors and some
universally expressed proteins such as actin, ferritin, ribosomal proteins, myosin light chain,
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and microglobulin. Ingenuity Pathway analysis of these CD133+ abundant genes indicated
them to be involved in multiple cellular functions especially protein synthesis, post-
transcriptional modification and cell death as shown in Figure 1.

Differential CD133+ Gene Expression in Coronary Artery Disease
To establish a set of reference genes which can be used to measure for any improvement in
expression of CD133+ from baseline to post-exercise, we first compared the CD133+ cell
gene expression profiles in 10 subjects with CAD and 4 healthy controls - Using statistical
filters of 25% FDR, fold change greater than 2 and present calls, we identified 105
differentially expressed probe sets representing 82 unique genes (59 up-regulated and 23
down-regulated genes, respectively, in Table 3). Figures 2A & B show the hierarchical
clustering for healthy controls and for CAD patients at baseline and following 3 months of
exercise program participation. Molecular and cellular functions of the 59 up-regulated
genes were classified by Ingenuity Pathway analysis and these genes were found to be
involved in multiple cellular functions especially carbohydrate metabolism and molecular
transport (Figure 3). The 23 down-regulated genes were found to be involved in cellular
function and maintenance, cell cycle, cellular development and cell signaling. Genes that are
of potential biological relevance to our study include HOXA9, TSC22D1, RIPK1, NARF,
ANAPC13, HAT1.

Further validation of a few selected genes from Table 3 was performed by quantitative real-
time reverse-transcription polymerase chain reaction (TaqMan) studies on ABI 7900.
Results are represented as fold change comparing CAD patients to controls subjects.
TaqMan fold changes were comparable and showed the same trend as the microarray data,
as shown in Table 4.

Effect of Exercise on the altered genes in CAD
We then examined the effect of exercise on these 59 up-regulated and 23 down regulated
genes in the CAD patients. By paired one-sided t-test analysis, 7 out of 10 patients showed
significant response to exercise (p<0.05) for the up-regulated genes on average as evidenced
by the level of expression reaching levels approximating those in the healthy subjects.
Similarly, 5 CAD patients showed significant response to exercise (p<0.05) for the down-
regulated genes on average reaching levels approximating those in the healthy subjects. 4
CAD patients showed significant changes (p<0.01) in both the up and down regulated genes.
Two patients showed no response to this exercise in either up- or down-regulated genes, on
average. However, when individual genes from the set of 82 genes were examined for the
group as a whole, all the genes on average showed at least 2-fold change from baseline
measurements.

Correlation analysis of these 82 differentially expressed genes with FDR < 20% to clinical
measurements showed strong association, as determined by FDR<20%, between the
baseline gene expression for GUK1, HOXA9, NARF, PRKC1, SP100, STAG1 and
TCS22D1 to at least one of the categories such as patient age, CD133 cell number, white
blood cell count, C-reactive protein and triglyceride levels. These genes and the associated
clinical categories are listed in Supplemental Table 2. Similarly, correlation analysis on the
changes in gene expression at the completion of exercise program showed strong correlation
of 15 genes to changes in glucose, C-reactive protein, total cholesterol, low density
lipoprotein cholesterol, triglycerides and heart rate (Supplementary Table 3). In this small
set of samples from patients we did not observe statistically significant correlation between
changes in gene expression and CD 133 cells following the completion of the 3 month
exercise program.
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Discussion
There is considerable basic research and clinical interest in the relevance of bone marrow-
derived cells to vascular homeostasis and repair. Initial reports focused on hematopoietic
progenitor cells with CD34 marker, but subsequently included a population of immature
progenitor cells indentified by the CD133 marker. The relevance of these progenitor cells in
CAD was suggested by Werner et al17, who reported an inverse relation between CD34+
and CD133+ cells and subsequent cardiac events at 12 months in a series of 519 patients
with disease confirmed at coronary angiography. Currently, the common clinical concept
claims a protective role of bone marrow-derived progenitor cells, which may be
compromised in CAD due to reduced number and impaired function18,19. Considering these
reported findings, we undertook the current study with the aim of characterizing CD133+
cells from CAD patients at the genomic level.

Our analysis showed significant differences in expression of several genes in CD133+ cells
from CAD patients that may be important to survival and differentiation potential of cells
compared with gene expression in CD133+ cells isolated from healthy controls. Thus we
identified 82 differentially expressed genes in CAD patients compared with controls, of
which 59 genes, such as HOX A920,TSC22D121, RIPK1, NARF, ANAPC1322 and HAT23,
were found to be significantly up-regulated, and 23 genes, such as MAP3K24–26, PTMA27–
29, FNBP4 and RBM6, were found to be down-regulated. By Ingenuity Pathway analysis,
these genes were found to be involved in multiple cellular functions, especially carbohydrate
metabolism and molecular transport. After 3 months of rehabilitation associated with
significant improvement in effort tolerance and increase in the number of CD133+ cells,
gene expression patterns of the CD133+ cells resembled those of controls in 7 out of 10
patients in our study. In 4 CAD patients, exercise reversed expression levels towards those
measured in controls in both up- and down-regulated genes determined at baseline.
Correlation analysis identified only SP 100 expression to have statistically significant
association to baseline CD133 cell number. The relevance of SP 100 gene product to stem
cells of vascular endothelium and cardio vascular disease remains unknown.

To identify transcripts that are highly abundant in CD133+ cells from our study, positively
detected transcripts from healthy controls were ranked in order of their abundance from high
to low based on their log-transformed median signal intensity. The top 500 ranking probe
sets representing 351 genes identified to be of high abundance in CD133+ cells by Ingenuity
pathway analysis at p<0.05 indicated them to be involved in multiple cellular functions such
as protein synthesis, post-transcriptional modification and cell death, and this list provides a
novel expanded transcriptome of CD 133+ cells.

A comparative analysis of previously published 257 CD133+ highly abundant transcripts
from cord blood and peripheral blood30–32 and CD133+ transcripts from the current study
showed overlap of 42 highly expressed transcripts such as growth factor binding proteins,
nucleosporin, transcription factors, sideroflexin, anaphase promoting complex, and map
kinases. The non-overlapping genes included several transcripts with unknown functions
and several zinc finger proteins. It should be noted that the methodology to sort the CD133+
cells and RNA processing for gene chip hybridization differ considerably among these
studies.

Of particular interest among these gene expression modulations is the significant alteration
in the expression of HOXA9 and histone acetyl transferase (HAT1) genes in our study. It is
believed that the interplay between HAT, histone deacetyalse (HDAC) and HOXA9 genes
determines the endothelial differentiation of progenitor cells23. HOXA9 has been shown to
be crucial for hematopoietic stem cell development and stem cell expansion33. HOXA9 acts
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as a homeobox transcription factor expressed in mature endothelial cells and its expression
is downregulated by inflammatory signals. HOXA9 overexpression is associated with an
increase in the number of circulating EPCs while in HOXA deficient mice, there was a
decrease in the number of EPCs and impaired postnatal neovasculaization23,34. Studies on
hypertensive patients with significant endothelial injury by Pirro et al35 revealed decrease in
the number of peripheral EPCs and significantly lowered expression of HOXA9 gene in
those cells. HAT1 is involved in fundamental processes that regulate the expression of
multiple genes that play an important role in the multifactorial processes that lead to
atherosclerosis and re stenosis36,37. It is hypothesized that HOXA9 functions by modulating
downstream target genes that contributes in physiological conditions to endothelial
commitment of EPCs, postnatal neovascularization and injured endothelium repair20. The
relevance of expression of these genes in CAD patients at baseline or follow up is unclear as
we observed no association with CD133 cell numbers and we did not measure the
endothelial function in our patients.

Our findings may have clinical implications, as CD133+ cells may have limited capacity to
repair vascular disease in patients with CAD and thus compromise cell-based treatment
approaches, including autologous administration of CD133+ cells isolated from the
circulation and injected in large numbers into the heart (17). Although CD34+ selected cells
or nonselected bone marrow mononuclear cells are more commonly used for this purpose, at
least 4 trials using CD133+ cells are registered in www.ClinicalTrials.gov. We also report
that exercise might reverse some of the gene expression patterns towards levels seen in cells
from healthy subjects, thus improving their potential for vascular repair or new vessel
growth. Further studies are needed to determine whether changes in CD133+ gene
expression patterns towards that seen in healthy subjects are accompanied by changes in
phenotype and differentiation potential that may be relevant to cardiovascular repair.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Distribution of some top molecular and cellular functions associated with the top 500
abundant transcripts (367 genes) in the expressions of 4 healthy controls. X axis shows the
pathways and the Y axis denotes the P value for each of the pathways represented.
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Figure 2A.
Hierarchical clustering of 59 up-regulated genes selected with 2-fold change, 25%FDR and
present calls from the comparison of CD133+ gene expression between 10 CAD patients at
baseline versus 4 healthy controls (HC). The values are in log10 scale.
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Figure 2B.
Hierarchical clustering of 23 down-regulated genes selected with 2-fold change, 25%FDR
and present calls from the comparison of CD133+ gene expression between 10 CAD
patients at baseline versus 4 healthy controls (HC). The values are in log10 scale.
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Figure 3.
Distribution of some top molecular and cellular functions associated with the 82 genes
selected from baseline CAD (n=10) Vs healthy control (n=4). X axis shows the pathways
and the Y axis denotes the P value for each of the pathways represented.
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Table 1

Characteristics of CAD Patients (N = 10)

Parameter

Age (average, range) 62.9 ± 13, 30–76

Sex Distribution (% male) 60

Diseased Vessels (average, range) 2, 1–4

Ejection Fraction (%) 61 ± 6

Myocardial Infarction (% of patients) 40

Revascularization (% of patients) 100

 Coronary artery bypass grafting (% of patients) 20

 Coronary Stent/Angioplasty (% of patients) 80

Risk Factor History

 Hypertension 6

  treated 6

 Dyslipidemia 9

  treated 9

 Diabetes 4

  treated 4

 Cigarette Smoking (current) 0

Medications

 Antihypertensive 6

  ace inhibitor 4

  angiotensin receptor blocker 1

  beta blocker 4

  calcium channel blocker 1

  diuretic 1

 Antilipidemic 9

  atorvastatin 3

  ezetimibe 1

  pravastatin 1

  rosuvastatin 3

  simvastatin 2

 Antidiabetic 4

  insulin 1

  metformin 3

  rosiglitazone 2
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Table 2

Testing data for CAD patients at baseline and following completion of exercise program

Parameter Baseline (N = 10) Completion (N =10)

Vital Signs

 Body Mass Index (kg/m2) 27.9 ± 5.9 27.9 ± 5.9

 Systolic Blood Pressure (mmHg) 124 ± 15 124 ± 13

 Diastolic Blood Pressure (mmHg) 76 ± 10 73 ± 10

 Resting Heart Rate (beats/min) 74 ± 15 73 ± 10

Lab Values

 Total Cholesterol (mg/dL) 128 ± 24 130 ± 22

 Low-density Lipoprotein Cholesterol (mg/dL) 72 ± 26 72 ± 21

 High-density Lipoprotein Cholesterol (mg/dL) 45 ± 7 45 ± 7

 Triglycerides (mg/dL) 127 ± 51 122 ± 49

 C-Reactive Protein (mg/dL) 2.0 ± 3.5 2.3 ± 3.4

 Fasting Glucose (mg/dL) 113 ± 28 117 ± 28

 Hemoglobin (g/uL) 13.9 ± 1.3 13.9 ± 1.2

 White Blood Cells (K/uL) 6.0 ± 1.7 6.2 ± 1.2

 Neutrophils (%) 57.6 ± 8.0 59.2 ± 7.3

 Lymphocytes (%) 29.7 ± 8.6 28.4 ± 7.5

 Monocytes (%) 8.3 ± 1.9 8.3 ± 1.9

Exercise Data

 Exercise Duration (sec) 478 ± 174 526 ± 168

CD133 + (cells/mL) 873 ± 556 1666 ± 1747
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Table 3

List of genes differentially regulated in CD133+ cells between coronary artery disease patients and healthy
controls. FC stands for fold change of gene expression in patients over healthy controls in signal intensity. A
negative value indicates down-regulation; positive value indicates up-regulation.

Probeset ID Gene Symbol Gene Name FC

209905_at HOXA9 homeobox A9 19.04

215111_s_at TSC22D1 TSC22 domain family, member 1 11.00

203616_at POLB polymerase (DNA directed), beta 4.72

234295_at DBR1 debranching enzyme homolog 1 3.88

221740_x_at LRRC37A2 leucine rich repeat containing 37 A2 3.64

213313_at RABGAP1 RAB GTPase activating protein 1 3.62

201641_at BST2 bone marrow stromal cell antigen 2 3.43

225674_at BCAP29 B-cell receptor-associated protein 29 3.38

1554423_a_at FBXO7 F-box protein 7 3.20

224786_at SCOC short coiled-coil protein 3.19

202293_at STAG1 stromal antigen 1 3.18

202282_at HSD17B10 hydroxysteroid 17b dehydrogenase 10 3.08

208991_at STAT3 signal transducer and activator of transcription 3 3.03

221458_at HTR1F5-hydroxytryptamine (serotonin) receptor 1F 2.96

213518_at PRKCI protein kinase C, iota 2.96

206495_s_at HINFP histone H4 transcription factor 2.93

37966_at PARVB parvin, beta 2.92

225922_at FNIP2 folliculin interacting protein 2 2.92

222516_at AP3M1 adaptor-related protein complex 3, mu 1 subunit 2.88

209786_at HMGN4 high mobility group nucleosomal binding domain 4 2.84

228899_at LOC100132884 hypothetical protein LOC100132884 2.83

203680_at PRKAR2B protein kinase, regulatory, type II, beta 2.80

203138_at HAT1 histone acetyltransferase 1 2.77

225892_at IREB2 iron-responsive element binding protein 2 2.75

227942_s_at CRIPT cysteine-rich PDZ-binding protein 2.73

218408_at TIMM10 translocase of inner mitochondrial membrane 10 2.71

200853_at H2AFZH2A histone family, member Z 2.68

219862_s_at NARF nuclear prelamin A recognition factor 2.66

235244_at CCDC58 coiled-coil domain containing 58 2.65

209001_s_at ANAPC13 anaphase promoting complex subunit 13 2.65

200820_at PSMD8 proteasome (prosome, macropain) 26S subunit, 8 2.63

228667_at AGPAT4 1-acylglycerol-3-phosphate O-acyltransferase 4 2.63

226551_at RIPK1 receptor (TNFRSF)-interacting serine-threonine kinase 1 2.59

222702_x_at CRIPT cysteine-rich PDZ-binding protein 2.58

203136_at RABAC1 Rab acceptor 1 (prenylated) 2.58

234984_at NEDD11 neural precursor cell expressed, developmentally down-regulated 2.56

224448_s_at C6ORF125 chromosome 6 open reading frame 125 2.53

218214_at C12ORF44 chromosome 12 open reading frame 44 2.52
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Probeset ID Gene Symbol Gene Name FC

224914_s_at SARNP SAP domain containing ribonucleoprotein 2.48

232024_at GIMAP2 GTPase, IMAP family member 2 2.44

227207_x_at ZNF213 zinc finger protein 213 2.42

217803_at GOLPH3 golgi phosphoprotein 3 (coat-protein) 2.41

200075_s_at GUK1 guanylate kinase 1 2.39

210460_s_at PSMD4 proteasome macropain 26S subunit, non-ATPase 4 2.38

226515_at CCDC127 coiled-coil domain containing 127 2.38

212936_at FAM172A family with sequence similarity 172, member A 2.37

203106_s_at VPS41 vacuolar protein sorting 41 homolog (S. cerevisiae) 2.36

228167_at KLHL6 kelch-like 6 (Drosophila) 2.29

224364_s_at PPIL3 peptidylprolyl isomerase (cyclophilin)-like 3 2.28

203467_at PMM1 phosphomannomutase 1 2.28

223215_s_at JKAMP JNK1/MAPK8-associated membrane protein 2.22

224817_at SH3PXD2A SH3 and PX domains 2A 2.21

1557132_at WDR17 WD repeat domain 17 2.21

202204_s_at AMFR autocrine motility factor receptor 2.20

226450_at INSR insulin receptor 2.17

1554479_a_at CARD8 caspase recruitment domain family, member 8 2.15

213738_s_at ATP5A1 ATP synthase, H+ transporting, alpha subunit 1, 2.10

214527_s_at PQBP1 polyglutamine binding protein 1 2.09

217317_s_at HERC2P2 hect domain and RLD 2 pseudogene 2 2.02

217120_s_at LOC728142 hypothetical LOC728142 −2.00

231825_x_at ATF7IP activating transcription factor 7 interacting protein −2.07

235060_at LOC100190986 hypothetical LOC100190986 −2.18

242224_at GPATCH2 G patch domain containing 2 −2.22

235623_at ELP2 elongation protein 2 homolog (S. cerevisiae) −2.29

206323_x_at OPHN1 oligophrenin 1 −2.37

1555024_at ADAM22 ADAM metallopeptidase domain 22 −2.37

213065_at ZFC3H1 zinc finger, C3H1-type containing −2.41

200772_x_at PTMA (includes EG:5757) prothymosin, alpha −2.43

232689_at LOC284561 hypothetical protein LOC284561 −2.47

214969_at MAP3K9 mitogen-activated protein kinase kinase kinase 9 −2.53

208913_at GGA2 golgi associated, gamma adaptin ARF binding protein 2 −2.53

202864_s_at SP100 SP100 nuclear antigen −2.56

244641_at C7ORF30 chromosome 7 open reading frame 30 −2.60

208191_x_at PSG4 pregnancy specific beta-1-glycoprotein 4 −2.67

203181_x_at SRPK2 SFRS protein kinase 2 −2.71

208549_x_at PTMAP7 prothymosin, alpha pseudogene 7 −2.73

204602_at DKK1 dickkopf homolog 1 (Xenopus laevis) −2.75

213093_at PRKCA protein kinase C, alpha −2.94

211921_x_at PTMA (includes EG:5757) prothymosin, alpha −3.01

1554696_s_at TYMS thymidylate synthetase −3.07
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Probeset ID Gene Symbol Gene Name FC

230742_at RBM6 RNA binding motif protein 6 −3.47

229272_at FNBP4 formin binding protein 4 −4.55
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Table 4

Validation of few selected genes from microarray data by quantitative polymerase chain reaction (QPCR)

Gene Symbol Gene Title Fold change CAD Vs HC P value*

QPCR MA

ATP5A1 ATPsynthase, H+transporting alpha1 2.53 2.1 P< 0.005

BST2 Bone Marrow Stromal Cell Antigen 2 1.74 3.43 P< 0.001

HAT1 Histone Acetyl Transferase1 2.25 2.77 P< 0.005

HOXA9 Homeobox A9 10.55 19.04 P< 0.001

PTMA Prothymosin alpha −3.81 −3.01 P< 0.05

TYMS Thymidylate Synthetase −2.21 −3.07 P< 0.005

• P values were calculated on the QPCR data.

• MA - Microarray
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